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Editorial on the Research Topic
 Sensory processing sensitivity research: recent advances




For this Research Topic of Frontiers in Psychology, titled “Sensory processing sensitivity research: recent advances,” we sought to create a collection of recent studies examining the biologically based trait of Sensory Processing Sensitivity (SPS), also known as Environmental Sensitivity (ES). This call requested articles spanning the domains of physiological and neural processes, emotion, personality, temperament, cognitive function, social processes, and the measurement of SPS. The resulting collection of research studies advance our understanding of processes and profiles related to SPS, and its measurement, around the globe and across the lifespan.

Some studies in this Research Topic furthered our understanding of the characteristics and phenotypic expression of SPS. For example, a study by Laros-van Gorkom et al. revealed that SPS is associated with greater creativity and empathy, and most notably with the Aesthetic Sensitivity (AES) domain of SPS, adding to knowledge on the positive aspects of SPS. A study by Bürger et al. revealed two distinct profiles of SPS groups (based on the Big Five measure of personality): confident highly sensitive persons (HSPs)—with average neuroticism, and high openness and extraversion; and vulnerable HSPs—with high neuroticism and openness, and low levels of extraversion. Yet another study revealed cognitive styles associated with SPS, such that higher SPS was associated with low externally oriented thinking (EOT) and stronger fantasy oriented thinking (Jakobson et al.). Additionally, a study by Jagiellowicz et al. revealed that SPS was associated with medication sensitivity, even when controlling for negative affectivity and gender. A study conducted in Spain revealed that in adults, higher SPS was associated with more openness to experience and agreeableness, as well as better coping strategies, but lower levels of daily functioning (Chacón et al.). Yet another study explored profiles of SPS and emotion regulation (ER) revealing three classes of HSPs: Low SPS-High ER, Moderate SPS-Moderate ER, and High SPS-Low ER (Liu and Tian). Similarly, a study by Yano and Oishi revealed that differences in mental health outcomes as a function of ES were related to the use of different ER strategies: refocusing and planning were associated with better mental health among those with higher sensitivity (ES), while blaming others was associated with diminished mental health as a function of higher ES. Studies with children in Italy highlight how parenting (e.g., maternal warmth) affects highly sensitive children's ER strategies, such that those with better parenting (higher in maternal warmth) showed better ER, as a function of SPS (Sperati et al.). Importantly, these studies pointed to new directions for research and practical applications, emphasizing the need to integrate the study of the relational environment, emotional outcomes, and regulatory processes to better understand how individuals' sensitivity impacts how they adjust to different contexts.

Measurement studies of SPS included in this Research Topic furthered our understanding of its dimensions and pointed towards fruitful future directions. For example, one study conducted in Spain revealed that there was low agreement between parents' and teachers' assessments of children's SPS using the Highly Sensitive Child Scale (Costa-López et al.). This study suggests that some phenotypic expressions of SPS may be context dependent and that observer biases in perceptions of SPS exist, and it highlights the importance of developing objective measures to assess children's sensitivity. In another measurement study of SPS, a validation of the Spanish Sensory Processing Sensitivity Questionnaire (S-SPSQ) in a Chilean Sample confirmed the six-factor structure of the scale including: aesthetic sensitivity, sensory discomfort, social affective sensitivity, emotional and physiological reactivity, sensory comfort/pleasure, and sensory sensitivity to subtle external stimuli (Salinas-Quintana et al.).

Other studies in this Research Topic examined how SPS moderates individuals' responsivity to different contexts. For example, a mixed method study revealed that SPS was associated with greater flourishing with increasing nature connectedness; as well as more emotional reactivity and feelings of being different, as a function of a chaotic home environment (Carroll et al.). This study suggests that it is important to consider the impact of not only emotional, but also structural aspects of the environment, to more fully understand the factors associated with HSPs' wellbeing. Yet another study showed how SPS shapes response to post-migration circumstances of uncertainty among asylum seekers, such that those with higher ES and intolerance for uncertainty reported more negative affect/cognitions, relative to less sensitive individuals (Moscardino et al.). Moreover, a study examining mental health as a function of SPS during the pandemic indicated that highly sensitive (high SPS) adolescents showed significant increases in negative emotions across 2020–2022 (Dragone et al.). These studies are useful for understanding the impact of individuals' sensitivity in contexts beyond traditional and Western culture contexts, such as during challenging, unexpected, and/or crisis circumstances. Additionally, thematic interviews with high SPS students revealed six themes related to the academic context: self-definitions; academic experience; study approach; physical, emotional and cognitive states during and after exams; peer relationships, and student-teacher relationships (Saglietti et al.). Also, a study conducted in Spain revealed that SPS was related to better maternal adjustment; and that in expatriate contexts, more sensitive mothers with higher social support reported stronger maternal adjustment (Lagarrigue et al.).

Overall, the collection of studies included in this Research Topic highlight the breadth of research on high sensitivity, and contribute to a more complex understanding of SPS' across the globe and the lifespan, as well as pointing to future directions. Also, some of the studies in this Research Topic have shed light on the extent to which different contexts promote (or hider) wellbeing among those with high sensitivity. However, there is still much to be understood about the mechanisms underlying SPS, and how wellbeing may be positively affected among those with high sensitivity.
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Introduction: The inextricable bond between humans and the environment underscores the pivotal significance of environmental sensitivity. This innate trait encompasses a wide array of ways individuals perceive, process, and react to various internal and external stimuli. The evaluation of this trait in children is generally conducted by parents. However, little is known about the concordance of the parents reports with those conducted by others, such as teachers. Children’s behavior assessment is a current and relevant issue and finding out more positive results could make improvements in different contexts, such as home, clinics and schools.
Objective: This study examines agreements and discrepancies between parents and teachers as raters of environmental sensitivity in Spanish children.
Methods: Participants were 124 parents and eight teachers of youngsters between 3 and 10 years, who completed a paper survey providing information about parental and school variables and environmental sensitivity.
Results: Parents and teachers mostly differ when rating environmental sensitivity, being parents the raters who score higher levels of this trait than teachers. Also, poor intra-class coefficients of reliability are found in both the items of HSCS, the dimensions and the general factor of environmental sensitivity among the informants.
Conclusion: The present investigation provides novel findings related to inter-rater assessment on environmental sensitivity and how these different informants could affect in the report. This study also highlights the need of making and validating new and specific tools to assess environmental sensitivity for teachers.

KEYWORDS
 environmental sensitivity, highly sensitive child scale, temperament trait, children, parents, teachers


1 Introduction

Environmental sensitivity (ES), under the theoretical meta-framework proposed by Pluess (2015), is described as the stable and heritable ability to process and interpret the information from both the external and internal stimuli. Recent authors have suggested sensitivity could show a continuum, in which individuals may present different levels of sensitivity (low, medium and high), due to the fact they could substantially differ in such responsivity to environment, as indicated from the differential susceptibility theory (Belsky, 1997; Belsky et al., 2007; Pluess, 2015).

For better or for worse, it seems that sensitivity could lead to positive and negative outcomes in the interaction with environment (Aron et al., 2012; Di Paola et al., 2022). Extensive evidence from past empirical studies and theoretical frameworks supports the notion that certain individuals have a heightened susceptibility to negative outcomes arising from adverse childhood experiences (Aron et al., 2012; Di Paola et al., 2022). Conversely, based on vantage sensitivity theory (Pluess and Belsky, 2013), these individuals tend to experience amplified advantages from positive influences within nurturing and supportive environments, owing to their heightened sensitivity (Aron et al., 2012; Di Paola et al., 2022).

In fact, from a personality and temperament perspective and according to the Environmental Sensitivity meta-framework, the variability of ES could be conceptualized as an individual trait (Aron and Aron, 1997; Pluess, 2015). Recent studies further suggest the significance of ES as a central overarching personality trait, with its diverse components found within numerous well-established psychological frameworks (Pluess, 2015). This psychological framework suggests that around 20–30% of people display heightened levels of sensory conscientiousness, behavioral inhibition, extensive cognitive processing of environmental stimuli, and significant emotional and physiological reactivity (Aron and Aron, 1997; Aron et al., 2012; Pluess, 2015; Lionetti et al., 2018; Pluess et al., 2018; Lionetti, 2020). Thanks to the hypothesis on neurosensitivity, the highly sensitive central nervous system even tends to lead an increased sensitivity and susceptibility to environmental events, and this allows to perceive and process experiences more deeply (Aron and Aron, 1997; Belsky and Pluess, 2009; Aron et al., 2012; Greven et al., 2019).

Measuring ES in children, recent studies have indicated a series of potential markers which have been detected at genetic, physiological, and psychological levels (Aron and Aron, 1997; Belsky et al., 1998; Boyce and Ellis, 2005; Belsky and Pluess, 2009; Pluess and Belsky, 2013; Sperati et al., 2022). Regarding the psychological level of analysis, the children’s ES can be measured by observational techniques or self-report questionnaires, which are popular because they appear to be relatively easy to administer, and to be potentially useful in clinical and health fields (Aron and Aron, 1997; Costa-López et al., 2022). The self-report version of the 12-item Highly Sensitive Child Scale (HSCS) is one of the most world-widely used scale (Weyn et al., 2021), and it presents not only an original UK validation, but also parent-report adaptations for Dutch (Slagt et al., 2018), Italian (Sperati et al., 2022), and Spanish (Costa-López et al., 2022) children. Extensive explorations of the HSCS in UK and other countries could also provide us with psychometric robust findings, which show a structure that captures a general sensitivity and three specific factors related to the perception of both external and internal stimuli (Lionetti, 2020): (1) ease of excitation, referring to heightened susceptibility to negative effects from a high level of activity in one’s surroundings; (2) esthetic sensitivity, which is the appreciation and sensitivity to positive stimuli, such as nice tastes and smells; and (3) low sensory thresholds, which are associated with the response to disturbing sensory contexts, such as loud noises or violent situations.

Considering the importance in the field of mental health of using multiple informants when assessing psychological aspects, there is however a lack of investigation on information obtained from teachers and parents as raters (Kazdin, 2005; Duvekot et al., 2015). In addition, dissimilar respondents frequently demonstrate a lack of agreement in their assessments of child behavior due to the varying environments in which parents and teachers observe the child, leading to differing viewpoints (van der Ende et al., 2012). Also, the sensory processing sensitivity theory may explain the difficulties in reaching agreements when evaluating ES in children, since it proposed that high sensitivity is featured by heightened behavior inhibition, emotional reactivity, sensitivity to subtle stimuli, and deeper cognitive processing to environmental stimuli (Aron et al., 2012). That means highly sensitive individuals usually demonstrate more internalizing behaviors than externalizing ones. In any case, as stated before, ES could be manifested in different ways depending on the context, and this could be a plausible mechanism to explain the possible differences that could be found between different raters in the assessment of ES.

In the realm of child assessment, families and educators assume vital roles as primary and diverse observers, offering valuable and distinct perspectives. Parents, in particular, hold significant importance as they serve as raters of their child’s behavior, owing to their extensive observations of the child’s actions a broad spectrum of situations, enabling a comprehensive understanding of the child’s growth and development process (Duvekot et al., 2015). Applied to educative contexts, for the assessment of some childhood psychological aspects, there is a need to take into account teachers’ ratings, as a complementary report of parents’ as well (Pelham et al., 2005). At schools, teachers have a valuable role since they can report children’s information regarding their daily social functioning and their interaction with other youngsters, as well as their performance (Pelham et al., 2005). Previous investigations on temperament have also highlighted that children’s self-reports usually differ from observers’ ones (Tackett, 2011; Luan et al., 2017). Indeed, self-report differs from parent and teacher ratings (Laidra et al., 2006; Barbaranelli et al., 2008; Göllner et al., 2017). Differences in personality traits become evident in the extent to which they are directly expressed through observable behaviors, leading to varying degrees of information provided to different perspectives (Vazire, 2010). In regard to the evaluation of personality and temperament traits, such as environmental sensitivity, they can potentially differ influencing what kind of information is identified and used (Vazire, 2010; Brandt et al., 2021). Adopting an informational approach, specific contexts are prone to elicit the manifestation of personality and temperament traits through observable behaviors, resulting in the varying visibility of certain traits compared to others (Tett and Burnett, 2003; Brandt et al., 2021). However, gaining different perspectives on children’s temperament by observing them in various situations enhances the depth and inclusiveness of their temperament description (Kraemer et al., 2003).

Regarding the increasing relevance of parent-teacher agreement in children’s psychological assessment, there is, however, a notable scarcity of research dedicated to this specific aspect (Major et al., 2015). Specifically, although the information obtained from teachers in the evaluation of psychological aspects is potentially valuable, in environmental sensitivity, to the best of our understanding, there is only two studies which have examined the teachers’ rating of this temperament trait in children. ES is therefore an under-researched trait. Moreover, as variations in individuals’ environmental sensitivity seem to anticipate diverse responses to the environment, ranging from behavioral issues to overall well-being, quality of life, and social competence, having both parent and teacher reports at hand enables the early detection of developmental alterations in children through a straightforward approach (Liss et al., 2005; Booth et al., 2015; Sobocko and Zelenski, 2015; Black and Kern, 2020; Costa-López et al., 2021; Yano et al., 2021). Additionally, it opens up possibilities for achieving beneficial outcomes by fostering supportive conditions (Liss et al., 2005; Booth et al., 2015; Sobocko and Zelenski, 2015; Black and Kern, 2020; Costa-López et al., 2021; Yano et al., 2021). The present study therefore aimed to investigate the screening of the parent and teacher-reported environmental sensitivity in children. We examined the comparison between parents and teachers in regards of the assessment of environmental sensitivity, not only the differences between these two informants, but also their relationship on the evaluation of this trait.



2 Methods


2.1 Study design

The present study employed a cross-sectional research approach to compare how parents and teachers rate environmental sensitivity in children.



2.2 Sample

According to our research objective, this study adopted random sampling technique to target specific people. Participants were recruited from kindergarten and primary educational centers, which were representative of the Spanish context. The selection process occurred between December 2020 and February 2021. Parents were recruited to fill out the instruments following these inclusion criteria: (a) individuals who were 18 years of age or older; (b) families with children attending a kindergarten or primary educational center; and (c) sufficient reading comprehension to complete the assessment protocol. Inclusion criteria for teachers were: (a) individuals who were 18 years of age or older; and (b) to be a teacher of a kindergarten or primary class in a Spanish educational institution (c) sufficient reading comprehension to complete the assessment protocol. Excluded from the study were parents and teachers who had sensory, physical, or psychological impairments that hindered their ability to comprehend and complete the evaluation instruments. Also excluded were parents and teachers of children diagnosed with any neurodevelopmental disorder, autism, or sensory modulation disorder.

A total of 124 families and eight teachers participated in this study. Parents’ mean age of 42.21 years (SD = 7.30), of whom 86.29% were women. The predominant educational level was the higher education both for mothers (43.55%) and fathers (40.18%). The children were aged between 3 and 10 years (M = 6.935; SD = 2.32), and 51.61% were boys (Table 1). The mean age of the teachers was 45.88 (SD = 9.67), and seven of them were women. Six of them got a degree in Education and two of them reached a master’s degree. All of them had full-time contracts.



TABLE 1 Sociodemographic data description of the sample (N = 124).
[image: Table displaying demographic data of parents, teachers, and children. Parents' average age: women 42.04, men 43.29. Educational levels vary, with most having higher education. Teachers' average age: women 46.57, men 41. Educational levels include degrees and master's degrees. Children: 64 boys, 60 girls, average age 6.935. Educational levels range from kindergarten to primary education.]



2.3 Measures

For the collection of sociodemographic data, we designed an ad hoc questionnaire. The relevant information included in this study for the children comprised their age, gender, and educational level (kindergarten and primary school).

In evaluating the environmental sensitivity, we employed the Highly Sensitive Child Scale (HSCS; Pluess et al., 2018; Costa-López et al., 2022) developed and tested for its psychometric properties in the original version by Pluess et al. (2018). The assessment tool consisted of 12 items, which were further categorized into three subscales: (a) ease of excitation (EOE), (b) esthetic sensitivity (AES) and (c) low sensory threshold (LST). Participants responded to what extend the items described children on the basis of a 7-point Likert-type scale, ranging from (1) ‘Strongly disagree’ to (7) ‘Strongly agree’ (Muñiz et al., 2013). The HSCS has shown evidence of reliability and validity among parent-report children internal consistency of the Spanish HSCS total score was α = 0.84 and the HSCS subscales presented acceptable reliability scores with α = 0.86 for EOE, α = 0.78 for AES, and α = 0.73 for LST (Costa-López et al., 2022).



2.4 Procedure

This investigation has the approval of the Research Ethics Committee of the University of Alicante (UA-2022-05-23_2), and the Bioethics Committee of the University of Economics and Innovation in Lublin (16 December 2019), as taking part of a European project. To commence the study, we initiated contact with the principals of the education centers to present the primary objective of the research. Once the school management teams were briefed, we proceeded to meet with parents and teachers of students attending kindergarten and primary education levels. During these meetings, parents and teachers were informed about the goals and voluntary participation of the research. Parents and teachers who expressed interest in participating in the study and met the inclusion criteria provided their informed consent by signing the required documents. Subsequently, the researchers provided instructions to the participants on how to complete the questionnaires and addressed any inquiries or uncertainties they had. Furthermore, the parent (either mother or father) who spent more time with the child and had deeper understanding of the child’s behavior and temperament was designated to complete the questionnaire (Pluess, 2020).



2.5 Data analysis

All data were entered and analyzed in SPSS 28.0. First, we performed the reliability of the HSCS for parents and teachers for this study, being acceptable when internal consistency (α/ω) values were between 0.75 and 0.90, and considering it excellent with values over 0.90 (Koo and Li, 2016).

Then, we computed descriptive statistics in items, dimensions, and the general factor of the HSCS. Normality, independence, and homoscedasticity assumptions were performed. We conducted Student-T to test differences between parents and teachers’ report on children’s environmental sensitivity regarding the items, dimensions, and the general factor of the HSCS. The effect size was also calculated through Cohen’s δ. Typically, δ = 0.20 is considered small; δ = 0.50 a medium effect size; and δ = 0.80 a large effect size (Cohen, 1988). An analysis of covariance (ANCOVA) was performed to control the effect of the age and gender of the raters (parents and teachers) as covariate variables for the assessment of ES.

Intraclass correlation coefficients were run to examine the degree of agreement of the different informants. Values less than 0.50 are indicative of poor reliability, values between 0.50 and 0.75 indicate moderate reliability, values between 0.75 and 0.90 indicate good reliability, and values greater than 0.90 indicate excellent reliability (Koo and Li, 2016). The level of significance was set at p < 0.05 for all the data analysis.

Finally, we conducted Pearson’s and partial correlations between parents and teachers’ general and specific factors of the HSCS. For the interpretation, values from rxy = 0.00 to rxy = 0.10 are considered as null correlations; from rxy = 0.11 to rxy = 0.30, weak correlations; from rxy = 0.31 to rxy = 0.50, moderate correlations; and values from rxy = 0.51 to rxy = 1.00 show strong correlations (Hernández-Lalinde et al., 2018).




3 Results


3.1 Reliability of the parents and teachers’ highly sensitive child scale version

The overall internal consistency of the 12-item parents and teachers’ Spanish version of the HSCS was adequate (α/ω > 0.8). In regard to the dimensions, both the parents and teachers’ version indicated the highest reliability score (Table 2).



TABLE 2 Internal consistency of the parents and teachers’ HSCS version.
[image: Table comparing Cronbach's alpha, McDonald's omega, and 95% confidence interval values for various scales (EOE, LST, AES, HSCS) by respondent type (parents and teachers). Scores range: EOE from 0.854 to 0.927, LST from 0.655 to 0.810, AES from 0.738 to 0.793, and HSCS from 0.817 to 0.837. The caption explains acronyms.]

Most of the corrected item-total correlations for both the parents and teachers’ version were above 0.30, except for items 5 (Some music can make them really happy) and 7 (They do not like watching TV programs that have a lot of violence in them) in the parents’ HSCS, and items 1 (They notice when small things have changed in their environment), 5 (Some music can make them really happy) and 10 (They love nice tastes) in the teachers’ HSCS. It was observed that the reliability of the full scale improved slightly if items 5 and 7 for parents’ version were removed. The reliability of the scale also improved a bit if items 1, 5 and 10 for teachers’ version were removed (Table 3).



TABLE 3 Reliability characteristics of the parents and teachers’ Spanish version of the highly sensitive child scale.
[image: A table displaying statistical data for items one to twelve, comparing parents and teachers across three metrics: correlation item-total test (\(R_{it}\)), alpha reliability (\(\alpha-i\)), and omega reliability (\(\omega-i\)). Parents and teachers are listed separately in each category, showcasing varying numerical values for each item. Annotations indicate that the values represent correlation item-total test and reliability if the item is dropped.]



3.2 Differences between parent and teacher report when rating children’s environmental sensitivity

Regarding the differences between teachers and parents’ report when assessing high sensitivity in children, Table 4 shows that significant differences were found in the most of the HSCS items (except for items 2 and 4). As can be seen, parents reported significantly higher scores in all of the items, compared to teachers. Differences in items 1, 4, 6, 8, and 9 presented a small effect size (δ < 0.5). Also, a medium effect size was observed in items 3, 5, 7, 10, 11, and 12 (0.5 < δ < 0.8).



TABLE 4 Means, standard deviations, student T test/Mann–Whitney U-test, confidence intervals and effect sizes for the HSCS-12 items, dimensions and general factor.
[image: A comparative table shows teacher and parent ratings for various child sensitivity behaviors. It includes mean scores with standard deviations, t-values, p-values, confidence intervals, and effect sizes. Notable differences appear in ratings for how children respond to environmental changes, noise, smells, and observing situations. The general factor of sensitivity is outlined separately, along with scores for ease of excitation, low sensory threshold, and aesthetic sensitivity.]

In respect of the dimensions and the general factor of the HSCS, parents reported significantly higher scores than teachers. All of these differences showed a medium-large effect size (Table 4). Also, an ANCOVA was run to control the effects of age and gender of the raters for the assessment of ES. Despite finding a possible effect of the covariate variables, the significance of the initial effect of the rater does not disappear. Supplementary Table S1 presents the results of this analysis of covariance.



3.3 Inter-rater reliability with the intraclass correlation coefficient between parent and teacher report on children’s environmental sensitivity

Table 5 shows the intra-class coefficients for the reliability when reporting environmental sensitivity by parents and teachers. All the items of HSCS, the dimensions and the general factor of sensitivity showed poor reliability between parents and teachers reports on environmental sensitivity (ICC < 0.5).



TABLE 5 Inter-rater reliability correlations between parents and teachers in HSCS-12 items, dimensions and general factor.
[image: Table displaying intra-class coefficients (ICC) and 95% confidence intervals (CI) for various items of the Highly Sensitive Child Scale (HSCS) and related factors. Values range from -0.192 to 0.431 for ICC and vary across CI. Additional factors include Ease of Excitation (EOE), Low Sensory Threshold (LST), and Aesthetic Sensitivity (AES). The HSCS general factor has an ICC of -0.057.]



3.4 Relationship between parents and teachers’ report on children’s environmental sensitivity

Table 6 shows Pearson correlations among the dimensions and the general factor of both the parents and teachers HSCS version. Strong correlations were found between dimensions and general factor of sensitivity among teachers. The correlation matrix showed weak/moderate associations between EOE, LST, and HSCS general reported by teachers and EOE dimension of parents’ version. Also, LST correlated moderately with EOE dimension of the parents’ version. HSCS general factor reported by parents demonstrated strong correlations with its dimensions, and weak correlations with EOE and LST dimensions reported by teachers.



TABLE 6 Pearson’s correlations and confidence intervals between parents and teachers’ report on environmental sensitivity in children.
[image: A correlation table displaying relationships between various teacher and parent version scales: EOE, LST, AES, and HSCS. Significant correlations are highlighted with asterisks denoting p-values. Confidence intervals are provided below each correlation coefficient.]

Pearson’s partial correlations were also performed for controlling the effect of age and gender of the raters. Same pattern of correlations was found compared to the initial ones (See Supplementary Table S2).




4 Discussion

The main aim of this research was to compare parental and teacher reports in assessing children’s environmental sensitivity.

Based on our findings on the reliability of the HSCS for the use in teachers and parents, values could show a reliable and an accurate instrument for assessing ES in children. These results are coherent with the previous research in which the validation of the instrument has been conducted with parents (Pluess et al., 2018; Costa-López et al., 2022) Moreover, in the case of teachers, results are also consistent with previous studies (Tillmann et al., 2018; Lionetti et al., 2021). In this sense, Tillmann et al. (2018) successfully adapted and validated a teacher-report German version of the HSCS as well. These researchers demonstrated good values in validity and a well-adjusted confirmatory factor structure of the test, including aspects related to children’s performance. Thanks to this, they could investigate on other educative variables which may influence on the development of the youngsters. In addition, Lionetti et al. (2021) developed a 17-item teacher-report measure for sensitivity in primary schoolers from Switzerland and Italy. They found this instrument perfectly captured features of sensitivity in school context.

We then tested whether assessment on children’s environmental sensitivity differs between parents and teachers’ report. As can be seen, when reporting children’s environmental sensitivity, parents and teachers could differ significantly in most of the items and all the dimensions of this temperament trait (p < 0.001). This is in line with the results of numerous prior cross-sectional studies, emphasizing the substantial differences among assessors in the information they consider while making personality and temperament judgments (Connelly and Ones, 2010; Vazire, 2010). Comprehending a person fully does not rely on a single perspective, as both self-awareness and insights from others contribute essential information (Vazire and Mehl, 2008). To gain a comprehensive understanding of developing individuals, it is necessary to involve multiple informants to gather diverse perspectives (Luan et al., 2017). Moreover, as parents and teachers could interact with children in different contexts, they may have access to a great variety of behavioral features (Major et al., 2015; Brandt et al., 2021). Environmental sensitivity as a temperamental trait depends on the characteristics of specific contexts (schools, home, clinics), so its expression leads to more relevant information related to children’s temperament (Major et al., 2015; Ramsey et al., 2016). In light of these findings, it is also justifiable to assume that teachers might possess valuable insights into temperamental traits that impact children’s performance (Brandt et al., 2021). Schools are contexts which demand these traits and that is the reason performance associated with temperamental traits is more reflected in children’s behaviors (Lechner et al., 2017). According to these results, parents also could report higher scores when rating children’s environmental sensitivity than teachers. These findings are coherent to previous studies, since parents seem to report their children as showing greater variety of behaviors than teachers do (Strickland et al., 2012; Major et al., 2015). Parents often occupy a privileged position to offer unique insights into the child’s life, challenges, and external factors that can influence their behavior (Major et al., 2015; Brandt et al., 2021). Thus, those two items of the HSCS (items 2 and 4) in which they agree, they describe external and observable behaviors that could be easier to be rated by different raters. Indeed, studies in the research literature have shown that parents and teachers typically exhibit stronger agreement when it comes to externalizing behaviors, while internalizing behaviors, being less observable, may lead to less consensus between them (Gagnon et al., 2007).

In regard of the inter-rater reliability obtained, the findings also demonstrated that parents and teachers seemed to not agree in all the dimensions of environmental sensitivity, and they appeared to not reach a good agreement for the general factor of this temperament trait. This goes without saying that discrepancies are usual between parents and teachers. Although teachers could see many behaviors of the children at school, parents spend much time with them, and they could observe a great variety of behaviors. Teachers usually have a group of children, and these raters need to pay attention to specific ES features. They may be able to capture school characteristics, such as child performance or social interactions, but it struggles with cognitive or emotional aspects. This could explain the agreement difficulties when assessing deeper psychological variables. Based on the literature, inter-rater reports of different informants have tended to be weak or moderate so far (Gagnon et al., 2007; Major et al., 2015; Brandt et al., 2021). Therefore, parent-teacher agreement matters. If it is not reached, it cannot be well understood. Previous researchers have suggested that ratings of children’s behavior by different close informants, such as parents and teachers, can be influenced by individual differences among sources caused by factors as stress or just personality and temperament differences or empathy that can influence the findings (Major et al., 2015).

Pearson correlations also pointed out the highly importance of making new instruments on environmental sensitivity in school contexts. Weak/moderate correlations of EOE dimension between parents and teachers’ version demonstrated that teachers could report external and social behaviors, and the most observable part of environmental sensitivity in children (Pluess et al., 2018). Poor correlations in heightened sensitivity between teachers and parents report actually demonstrate the need of investigation in schools and also indicate the lack of the specific tools for education professionals (Gabbert, 2023). Research is being conducted in this direction and the first results indicate the specificity of assessing a child’s behavior in the school environment related to the possibility of observation and attention to core sensitivity (Lionetti et al., 2021). Previous research suggests that developing environmental sensitivity tools for teachers may help to educate them about this personality and temperament trait, and also to examine the effects of high sensitivity on school performance, well-being and psychological adjustment (Greven et al., 2019). Also, poor correlations would not necessarily mean that the instrument is not reliable or valid. In fact, for this study the tool shows good values for psychometric properties. Weak/poor correlations could indicate that the instrument has a lack of context-related items, which is extremely valuable when evaluating ES by different observers.

There are certain limitations to this study. The main limitation pertains to the applicability of the findings to clinical populations due to the recruitment of participants from a community sample of individuals without specific clinical conditions. Second, the size of this sample is small, and results have to be interpreted with caution. Third, it is important to acknowledge that a segment of the data for this study was acquired through teacher reports, which necessitates careful consideration while interpreting the results, given the potential variability in the validity of these observers’ reports. In order to obtain more accurate information of environmental sensitivity, in future studies it would be useful to include other self-report measures. Fourth, there is a lack of research about environmental sensitivity that includes different raters, which can limit the discussion and conclusions of the results.

Despite the advantages that an instrument like HSCS may have to detect high sensitivity in children in schools, there is only one teacher version so far (Lionetti et al., 2021), so it would be interesting to validate the scale with larger samples and to replicate it in other countries. Indeed, educative institutions are essential in children’s lives and to consider in the way that they differ substantially in their sensitivity to the environment (Tillmann et al., 2018). Children spend most of their time at schools, where they learn how to face a great variety of experiences for their development. Additionally, creating new questionnaires for identifying ES characteristics in children, which includes educative aspects, may help researchers to link this temperamental trait to other school variables (Tillmann et al., 2018). Therefore, more reliable and valid tools for assessing ES should be developed to make children’s needs available. Also, assessment tools for parents and teachers should be different since the environment is diverse. It is crucial to create specific tools for each observer to specifically capture environmental sensitivity features in several contexts, and to gain an accurate profile of this temperamental trait by assessing ES in children in different fields of their lives.

Moreover, our results highlight the relevance of considering all the raters’ perspectives. They could add value in predicting behaviors in children. For instance, social manifestations of personality and temperament traits seem to be highly relevant for explaining variance in children’s performance at school. This illustrates the diversity in how personality and temperament are expressed across various contexts and the potential influence these variations may have on how different observers perceive and interpret personality and temperament (Brandt et al., 2021).

The findings of this study may provide valuable insights for both theory and practice in different contexts, including health and education. Despite the study limitations, this investigation has important implications for the psychological assessment and, specifically, for environmental sensitivity as a personality and temperamental trait. Our findings widely support the combination of different reporters, which appears to be recommended in research, in order to capture children’s profiles, since each rater could capture something unique (Brandt et al., 2021; Matlasz et al., 2023). However, the need of further research is important to explore the reliability between parent-teacher and self-report. Also, our results highlight the importance of taking into account children’s trait characteristics to detect early difficulties related to their well-being and quality of life. Health and education professionals may pay attention to that environmental sensitivity trait, especially, those highly sensitive children who could benefit from prevention and intervention programs (Pluess and Boniwell, 2015).
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Aesthetic sensitivity in people with high sensory processing sensitivity (SPS) reflects the positive perception of life, especially aspects related to the arts and nature. This study is focused on the analysis of the effect of aesthetic sensitivity in relation to indicators of health-related quality of life (general health, mental health and emotional role), the personality traits openness to experience and agreeableness, and coping strategies in people with SPS. The adult participants (N = 10,520, mean age = 33.61) completed the Spanish versions of the High Sensitivity Person Scale (HSPS-S), Short Form Health Survey (SF-36), NEO Five Factor Inventory (NEO-FFI) and Coping Strategies Inventory (CSI). It was observed that people with high aesthetic sensitivity presented greater openness and agreeableness, tended to use adaptive coping strategies and showed a slightly poorer functioning in different areas of daily living. Moreover, health-related quality of life, mental health and adaptive coping strategies occupied central positions in the correlations between variables, with a positive impact between mental health and adaptive coping strategies with openness and agreeableness. Lastly, the level of aesthetic sensitivity did not play a moderator role, and it exerted no differential influence on its relationship with the analysed variables. Now, it has been found that people with high levels of aesthetic sensitivity cope more adequately, which would cushion the effect that high SPS can have on mental health, specifically on anxious and depressive symptoms. It is concluded that these findings are relevant and useful for future propositions of prevention and clinical intervention, as well as for counselling in the psychoeducational, labour and family scopes, amongst others.

KEYWORDS
 highly sensitive person, general health, mental health, emotional role, vantage sensitivity, creativity, empathy


1 Introduction

Sensory Processing Sensitivity (SPS) is a non-pathological personality trait that is present in 25–30% of the general population (Lionetti et al., 2018; Pluess et al., 2018). People with high SPS are characterised by perceiving subtle details of the environment, deeper processing of small perceived stimuli, and a tendency to feeling overwhelmed more easily in very stimulating environments (Aron et al., 2012).

Previous studies on psychological variables and SPS have focused on identifying risk factors associated with high levels of this trait, as well as its negative consequences. However, little research studying certain personality traits and coping strategies that activate specific areas of brain activity (Acevedo et al., 2017) highlights positive qualities of SPS. Similarly, very few studies have delved into the extent to which this positive facet in people with high SPS would be related to better health-related quality of life. In this sense, studies based on network analysis allow determining how the variables are grouped, as well as the importance of each the variables within the network, showing strong or weak connections depending on the position they occupy in it (central or peripheral). Analysing the positive facet in relation to certain personality traits, coping strategies and health indicators from a network analysis model offers a novel perspective in the understanding of high SPS.

Initially, following the diathesis-stress model, this trait was associated with vulnerability and worse adaptability to stressful environments in people with high sensitivity (Ellis and Boyce, 2011). However, from the theory of vantage sensitivity, there are also individual differences in the responses to positive stimuli (Pluess and Boniwell, 2015; Lionetti et al., 2018; Villiers et al., 2018). Furthermore, from the theory of differential susceptibility (Belsky and Pluess, 2009; Pluess and Belsky, 2009), it is stated that highly sensitive people present greater (either positive or negative) effects, that is, greater emotional reactivity in favourable or unfavourable environments, respectively.

The central nervous system in SPS acquires, selects and processes sensory information in a particular manner. In addition to greater sensitivity to the exposure to negative stimuli, there is also a better use of the positive aspects of situations and interactions (Aron et al., 2012). From Gray’s Reinforcement Sensitivity Theory (RST) (Gray, 1982), high sensitivity is predominated by the control-pause system and the tendency to stop before taking action (Aron, 2017), adopting different coping strategies depending on the environmental challenges. Thus, the activation of the Behavioural Inhibition System (BIS) is associated with the tendency towards avoidance and social withdrawal, as a consequence of the overstimulation caused especially by the stimuli of social interaction (Pérez-Chacón et al., 2023a,b). On the other hand, the activation of the Behavioural Activation System (BAS) in highly sensitive people is associated with empathy (Pérez-Chacón et al., 2021), creativity and a high degree of integrity (Aron, 2017), and attraction to beauty in the arts and nature, which are strengths that contribute to emotional well-being. Empathy and the creativity derived from the greater sensitivity to subtleties and a deeper processing of information grant these people the ability to identify and solve relational problems (Aron et al., 2019), showing a constant willingness to help and support other people.

These positive traits in highly sensitive people are related to aesthetic sensitivity, which is characterised for the capacity to capture subtleties and perceive the world globally (i.e., from different points of view), to intuit beyond words, to enjoy, to feel any aspect of life in a positive manner (especially those related to the arts and nature), to delve into multiple topics, and to be interested in the meaning of life, helping people, animals and the environment. In this sense, aesthetic sensitivity is related to positive affection (Sobocko and Zelenski, 2015) and the activation of brain areas related to reward and empathy (Acevedo et al., 2017).

Therefore, several authors refer to the relationship of SPS with certain personality traits, such as agreeableness and openness, with cognitive exploration, a refined sense of aesthetics, emotional involvement and creative fantasy being key elements of these traits (DeYoung, 2015). On the other hand, sensitivity oriented to the aesthetics of the environment and sensitivity to the social world (i.e., perceiving socioemotional actions and attempting to regulate the emotional distress of other people) (Trå et al., 2022) constitute a pattern that coincides with the characteristics of agreeableness (harmonious, cooperative people who tend to withdraw from social conflicts and know how to correctly read the minds of other people) (Nettle and Liddle, 2008) and openness to experience (curious, imaginative and flexible people who consider new ideas, behaviours and feelings) (McCrae and Costa, 1997). Thus, these personality traits are expected to be frequently present in people with high sensitivity.

In this sense, previous studies conducted with the High Sensitivity Person Scale (HSPS) (Aron and Aron, 1997) show that aesthetic sensitivity (AES) is related to the two personality traits mentioned (Smolewska et al., 2006; Lionetti et al., 2019; Trå et al., 2022). Regarding openness to experience, the literature reports a positive relationship with high sensitivity (Smolewska et al., 2006; Lionetti et al., 2018). On the other hand, in regard to agreeableness, the findings are less conclusive, with Trå et al. (2022) observing a relationship with high sensitivity. However, this relationship was weak in the study of Lionetti et al. (2019).

In terms of health and its relationship with coping style, the SPS could be acting by moderating the impact that the use of certain coping strategies can have on health. Although, in general, strategies focused on the problem are associated with better health, and those focused on emotion are associated with worse physical and mental health (Zimmer-Gembeck and Skinner, 2015), in people with high sensitivity, coping skills focused on emotion are negatively related to depressive tendencies (Yano et al., 2021). Moreover, they are also associated with different physical health problems, such as pain, which could be due to a greater perception of physical and internal signs (Benham, 2006), as well as to psychopathology, such as anxiety and depression (Liss et al., 2008). In turn, positive traits such as empathy improve the results in emotional and mental quality of life (Genizi et al., 2019) by focusing help on the well-being of other people, whilst creativity, interest and open-mindedness favour vitality.

Furthermore, in terms of quality of life, previous studies have detected low life and job satisfaction in hypersensitive people (Sobocko and Zelenski, 2015). Similarly, overstimulation and low sensory threshold are associated with lower levels of life satisfaction and negative affection (Booth et al., 2015; Sobocko and Zelenski, 2015), especially in those people with greater life stress and worse emotional regulation (Brindle et al., 2015). In this way, and in line with vantage sensitivity, the relationship between SPS and life satisfaction is moderated by the environmental conditions and the specific facet of the trait (Jagiellowicz et al., 2020). In addition, from positive psychology (Seligman and Csikszentmihalyi, 2003), different authors have studied strengths such as creativity, openness, appreciation of beauty, and vitality, amongst others, coinciding with the positive side in people with high SPS. Developing these characteristics or strengths leads to positive experiences, states of well-being, satisfaction with life and, ultimately, better quality of life.

To sum up, despite the fact that SPS is a trait that has been studied more frequently in the population in the last years, there are very few conclusive studies on the facet of aesthetic sensitivity in relation to studies on openness, agreeableness, health-related quality of life (physical health, mental health and emotional role or degree to which emotional problems interfere with work or other daily activities) and coping strategies (active/non-active adaptive and non-adaptive). Therefore, this study analysed the possible effect of aesthetic sensitivity as a positive characteristic of highly sensitive people and its relationship with openness and agreeableness, the variables of health-related quality of life, and coping strategies.

From all of the above, three objectives were set for this study: 1) analyse the behaviour of the different variables (indicators of health-related quality of life, openness and agreeableness, and coping strategies) as a function of the level of aesthetic sensitivity (low, medium and high); 2) verify the relationships between pairs of variables and determine whether these relationships are moderated by the level of aesthetic sensitivity; and 3) explore, through network analysis, the relevance of each variable in the set of relationships between all variables and determine whether there are modifications due to the moderator effect of aesthetic sensitivity in the set of relationships obtained.

Based on the objectives set for this study, it was expected that, in view of the variability of positive experiences, aesthetic sensitivity could be associated with health-related quality of life, the use of adaptive coping strategies and the personality traits openness and agreeableness. Moreover, it was also expected that the presence of high aesthetic sensitivity would contribute to a greater association between the analysed variables, acting as a moderator. Finally, it is expected that, in the general relationship between the variables, indicators of quality of life related to health and the personality traits openness and agreeableness will occupy a central position, with coping strategies appearing in a peripheral position. In addition, the level of aesthetic sensitivity is expected to act as a moderator in the general relationship between the variables.

Determining whether the relationships between health-related quality of life, coping strategies and openness to experiences and agreeableness are moderated by the level of aesthetic sensitivity would be useful for helping to counteract the emotional reactivity to negative stimuli and managing the characteristics of SPS satisfactorily and efficiently in highly sensitive people.



2 Materials and methods


2.1 Participants

The sample consisted of 10,520 adults (1739 men and 8,781 women) (mean age 33.61 years, SD = 11.39; range 18–79 years). The participants were recruited in the community context of Spain, by convenience sampling and by sample accessibility.

They all met the inclusion criteria: a) being at least 18 years old; b) providing all the data and completing the battery of tests; and c) signing the informed consent. The characteristics of the participants are presented in Table 1.



TABLE 1 Characteristics of the participants (N = 10,520).
[image: Table comparing demographic data for men and women. Men: n=1,739, Women: n=8,781. Age: Men mean 34.60, SD 12.34; Women mean 33.41, SD 11.19. Age groups show distribution percentages. Marital status includes categories like single and married. Education levels range from college to without studies. Percentages vary across categories.]



2.2 Procedure

This is a prospective, cross-sectional, survey-based study. It was conducted by faculty members with renowned research experience and experts in the knowledge of people with high sensitivity, experienced specialists and managers in the PAS Spain association. These professionals led the process of dissemination and access to the online link for participation in this investigation (see Pérez-Chacón et al. (2023a,b) and Chacón et al. (2023) for further information about the process).

This study followed the code of ethics of the World Medical Association (2013), and it was approved by the University where it was developed.

The data were gathered using an anonymous survey, excluding any data that could allow identifying the participants. The survey was accessed through the Microsoft Form platform, which was distributed through the website of the PAS Spain association and social media. Upon entering the platform, after providing the link, information was made available about the relevant characteristics of the study (objectives, the absence of possible risks and rewards of participating, the necessary time to complete it, etc.), as well as other complementary information (e.g., the possibility of taking breaks). The participants were informed of their right to leave the study whenever they wished to, and to access and cancel their data, in compliance with Organic Law 3/2018, of December 5th, on the Protection of Personal Data and Guarantee of Digital Rights. Furthermore, the contact information of the researchers was made available to the participants. Lastly, the participants were allowed to state, by ticking the box designed for this purpose, whether they agreed to participate or not, as well as their consent to initiate and proceed to their participation in the terms presented in the screen corresponding to the informative Sheet. The participants could only access the survey if they had previously marked the agreement option. The battery of tests used in this study did not include sensitive information or information that could indicate psychopathology. However, upon completing the survey, the participants were given the option of introducing a unique four-digit code that was only known to each participant, in case they wished to exercise their right to access and cancel their data or revoke their consent.



2.3 Data analysis

For the first objective, the sample was divided into three groups as a function of aesthetic sensitivity (low, medium and high) from percentiles 33 (low level = score ≤ 35) and 66 (high level = score ≥ 38). In each level, the mean scores and standard deviations were calculated for the indicators of health-related quality of life, personality traits (openness and agreeableness) and coping strategies. Then, mean difference analyses were performed through single-factor ANOVA, and the effect size was estimated using eta squared, with the following values: no effect (η2 = <0.010), small effect (η2 = 0.010–0.059), moderate effect (η2 = 0.060–0.140) and large effect (η2= > 0.140) (Lenhard and Lenhard, 2016).

In the second objective, Spearman’s correlation coefficient was used, interpreting its significance and the value of the correlation as effect size, with the following values: no effect (rsp = <0.10), small effect (rsp = 0.10–0.30), moderate effect (rsp = 0.31–0.50) and large effect (rsp= > 0.50). Furthermore, the moderator effect of aesthetic sensitivity on the bivariate correlations of the analysed variables was assessed by calculating the segmented correlations in the three levels of aesthetic sensitivity. Subsequently, Cohen’s q was applied as estimator of the effect size of the differences of the correlations between the levels of aesthetic sensitivity, with the following values: no effect (q = <0.1), small effect (q = 0.10–0.30), moderate effect (q = 0.31–0.50) and large effect (q= > 0.50).

Finally, for the third objective, a network analysis of all variables was carried out, estimating the weights of the matrix using the EBICglasso Networks method (Foygel and Drton, 2010). Then, an additional network analysis was performed, following the same estimation method, segmenting the sample as a function of the level of aesthetic sensitivity to observe the changes in the parameters of the network analysis and determine the possible moderator effect.

All the data analyses were carried out using JASP software v0.17.2 (JASP Team, 2023). In addition, the calculation instruments provided by Psychometrica were employed for the second objective (Lenhard and Lenhard, 2016). In the different sections of the results, to control for the potential confounding effects of sex and age, a control method was implemented by calculating standardised residuals for the study variables. This approach involved adjusting the raw scores of the variables for sex and age, resulting in residuals that represent the deviation of each individual’s score from the expected score based on their sex and age. These standardised residuals were then used in subsequent data analyses. This method ensures that the analyses of the relationships between aesthetic sensitivity, health-related quality of life, personality traits, and coping strategies are not unduly influenced by these demographic factors, thereby enhancing the accuracy and validity of the findings (Tabachnick et al., 2013).



2.4 Measures

The Spanish adaptations were used, as well as several subscales of the following instruments, indicating their internal consistency with alpha (α) and McDonald’s Omega coefficients (ω): 1) High Sensitivity Person Scale (HSPS-S) (Chacón et al., 2021), to identify people with high sensitivity, with subscale aesthetic sensibility (AES: awareness of the aesthetics of the environment) (α and ω = 0.79); 2) Short Form-36 Health Survey (SF-36) (Vilagut et al., 2005), to evaluate health-related quality of life, with subscales general health (GH: personal valuation of health that includes mental health, perspectives of health in the future, and resistance to falling ill) (α = 0.84 and ω = 0.83), mental health (MH: feelings of happiness, calmness, and tranquility vs. feelings of anxiety and depression) (α and ω = 0.87), and emotional role (ER: functioning in different domains of daily life due to emotional problems) (α and ω = 0.82); 3) Personality Inventory NEO-FFI (Cordero et al., 1999), with subscales openness to experience (O: search for and active valuation of experience) (α = 0.79 and ω = 0.80), and agreeableness (A: evaluates interpersonal tendencies) (α = 0.76 and ω = 0.78); and 4) Coping Strategies Inventory (CSI) (Cano-García et al., 2007), with adaptive coping strategies (ACS) and maladaptive coping strategies (MCS). ACS included problem solving (PS) (modifying the situation) (α and ω = 0.82), cognitive restructuring (CR) (modifying the meaning of the situation) (α = 0.74 and ω = 0.77), social support (SS) (searching for emotional support) (α and ω = 0.86) and emotional expression (EE) (freeing one’s emotions) (α = 0.82 and ω = 0.84). On the other hand, MCS included active MCS (A_MCS) and non-active MCS (Na_MCS). A_MCS included wishful thinking (wishing that reality were different) (α = 0.86 and ω = 0.87) and self-criticism (blaming oneself for the situation) (α and ω = 0.88), whereas Na_MCS included problem avoidance (avoiding and withdrawing from actions or thoughts) (α and ω = 0.70) and social withdrawal (avoiding and withdrawing from people) (α = 0.77 and ω = 0.79). A global indicator was used with the four adaptive strategies (PS + CR + SS + EE) (α and ω = 0.88), as well as for A_MCS (α and ω = 0.90) and Na_MCS (α = 0.74 and ω = 0.73) (see Pérez-Chacón et al., 2023a,b for further information about the instruments).




3 Results

With regard to the first objective, i.e., to analyse the behaviour of the different variables (indicators of health-related quality of life, openness and agreeableness, and coping strategies) as a function of the level of aesthetic sensitivity (low, medium and high), significant differences were observed in emotional role (M = 58.01, M = 52.90, M = 50.01, respectively), with small effect size (η2 = 0.012) (Table 2).



TABLE 2 Means (standard deviations), significance test and effect sizes of aesthetic sensitivity levels with the different variables.
[image: A table presents descriptive statistics and significance tests for aesthetic sensitivity (HSPS-S) across three groups: Low, Medium, and High. The categories include health-related quality of life (general health, mental health, emotional role), personality traits (openness, agreeableness), and coping strategies (adaptive, active maladaptive, non-active maladaptive). It shows the mean and standard deviation, with significance levels indicated. The table measures these against F values, p-values, and effect sizes (η²), with annotations for interpretation.]

Regarding the personality traits, i.e., openness and agreeableness, significant differences were observed as a function of low (M = 29.93), medium (M = 33.98) and high aesthetic sensitivity (M = 37.13), as well as in agreeableness (M = 29.13, M = 30.34 and M = 31.75, respectively), with large effect size (η2 = 0.236) in openness and small effect size (η2 = 0.036) in agreeableness.

With respect to coping strategies, the adaptive strategies showed significant differences between the groups with low (M = 10.26), medium (M = 11.11) and high (M = 11.97) aesthetic sensitivity, with small effect size (η2 = 0.051). The participants with high aesthetic sensitivity tended to use problem solving, cognitive restructuring, social support and emotional expression more frequently than the participants with low aesthetic sensitivity.

In the second objective, we verified, on the one hand, the relationships between pairs of variables and, on the other hand, we determined whether these relationships were moderated by the level of aesthetic sensitivity. In relation to the indicators of health-related quality of life (general health, mental health and emotional role), positive and statistically significant relationships were detected between mental health and emotional role, with large effect size (rsp = 0.58) and for general health and mental health with emotional role, with medium effect size (rsp = 0.45 and rsp = 0.36, respectively) (Table 3).



TABLE 3 Relationships between the indicators of health-related quality of life, openness and agreeableness and coping strategies.
[image: A correlation matrix table showing relationships between variables such as Mental Health, Emotional Role, Openness, Agreeableness, and different coping strategies. Each cell contains a correlation coefficient and significance level, with additional notes on effect size interpretations. Significance levels include asterisks: * for p < 0.05, ** for p < 0.01, and *** for p < 0.001. Effect sizes are denoted as small (s), moderate (m), and large (l).]

Furthermore, positive relationships were also observed between the two personality traits, i.e., openness and agreeableness, in a more peripheral position (rsp = 0.21), between openness and mental health, through adaptive coping strategies (A-ACS rsp = 0.26 and ACS-MH rsp = 0.26, respectively) and between agreeableness and mental health (rsp = 0.17), as well as through adaptive coping strategies (rsp = 0.19). There was also a positive and statistically significant relationship between active and non-active maladaptive coping strategies (rsp = 0.26). The effect size in all relationships was small.

On the other hand, negative and statistically significant relationships were identified in the indicators of health-related quality of life, for mental health and emotional role with active maladaptive coping strategies, with large (rsp = −0.50) and medium effect size (rsp = −0.37). There was also a negative and statistically significant relationship between adaptive coping strategies and non-active coping strategies (rsp = −0.22), with small effect size. The other relationships were either statistically significant with negligible effect sizes or non-significant.

Subsequently, to determine whether these relationships were moderated by the level of aesthetic sensitivity, bivariate correlations were performed as a function of the level of aesthetic sensitivity: low, medium and high. Then, we determined the difference of correlations between the three levels of aesthetic sensitivity in the study variables, through the value of Cohen’s q (Table 4).



TABLE 4 Analysis of the moderator effect of aesthetic sensitivity level on the relationships between the indicators of health-related quality of life, openness, agreeableness and coping strategies.
[image: A table presents data on aesthetic sensitivity levels (low, medium, high) across various psychological attributes: mental health, emotional role, openness, agreeableness, adaptive coping strategies, active maladaptive coping strategies, and non-active maladaptive coping strategies. Each attribute shows Spearman's Rho values for the groups with pairwise comparisons included. Interpretation levels of Cohen's q are noted as small, moderate, and large. Footnotes provide context for specific attributes.]

The results showed that the differences in the correlations did not reach a perceptible effect size (q = ≤0.10), concluding that the level of aesthetic sensitivity did not present a moderator effect on the relationships, since the significant relationships between the variables were similar for the participants with low, medium and high aesthetic sensitivity.

Regarding the third objective, in order to know the configuration and relevance of each variable in the set of variables between all the variables and determine whether there are modifications due to the moderator effect of aesthetic sensitivity in the set of relationships obtained, a network analysis was carried out. The standardised weights of these relationships are presented in Table 5.



TABLE 5 Matrix of weights of the network of variables.
[image: A data table compares the relationships between various variables in a network. Variables include mental health, emotional role, openness, agreeableness, adaptive coping strategies, active maladaptive coping strategies, and non-active maladaptive coping strategies. Each variable is assigned a number from one to seven, and the table shows corresponding values, with some being negative and some positive, indicating different levels of correlation or interaction among the variables. Footnotes indicate the definitions of each numbered variable.]

Figure 1 shows that the three indicators of health-related quality of life were positively related to each other, with mental health presenting a stronger correlation with emotional role (q = 0.45) and general health (q = 0.24). Mental health appeared in a central position in the set of network variables, indicating the importance of this variable in the set. There was a positive correlation with adaptive coping strategies (q = 0.19) and a weak correlation with agreeableness (q = 0.10), as well as a negative correlation between mental health and active maladaptive coping strategies (q = −0.34).

[image: Network graph showing interconnected nodes labeled Na_MCS, ACS, A_MCS, NEO_O, NEO_A, SF_MH, SF_ER, and SF_GH. Lines of varying thickness and color symbolize the strength and type of relationships between nodes, with red indicating negative and blue indicating positive associations.]

FIGURE 1
 Network analysis of the variables of health-related quality of life, openness, agreeableness and coping strategies. SF_GM = General Health, SF_MH = Mental Health, SF_ER = Emotional role, NEO_O=Openness, NEO_A = Agreeableness, ACS = Adaptive coping strategies, A_MCS = Active maladaptive coping strategies, Na_MCS=Non-active maladaptive coping strategies.


Moreover, a negative and direct relationship was detected between emotional role and openness (q = −0.15), and a negative and indirect relationship was observed between agreeableness and openness (q = 0.17), with a positive relationship being identified between the two personality traits. However, these variables were not sufficiently intense to be in a central position in the set of the network, and thus they were in a more peripheral zone.

With regard to the coping strategies, a significant negative relationship was observed in non-active maladaptive coping strategies with adaptive coping strategies (q = −0.18) and a significant positive relationship was detected in non-active maladaptive coping strategies with active maladaptive coping strategies (q = 0.22). Adaptive coping strategies occupied a central position, since they were strongly related to other variables. The weakest positive relationship was obtained between adaptive coping strategies and active maladaptive coping strategies (q = 0.10).

Therefore, in the set of analysed variables, mental health and adaptive coping strategies presented the largest number of strong relationships with the rest of variables.

Secondly, with the aim of determining the existence of modifications due to the moderator effect of the level of aesthetic sensitivity in the set of relationships obtained, a network analysis was carried out. Table 6 shows these results as a function of the low, medium and high level of aesthetic sensitivity.



TABLE 6 Network analysis of the study variables as a function of aesthetic sensitivity level.
[image: Table displaying standardized weights of various psychological variables across low, medium, and high aesthetic sensitivity levels. Variables include mental health, emotional role, openness, agreeableness, adaptive coping strategies, active and non-active maladaptive coping strategies, with data presented under seven columns corresponding to different factor groupings. Values for each variable are separated by slashes, denoting the specific sensitivity levels.]

Figure 2 shows that, despite the variation in the level of aesthetic sensitivity, the network generated by the relationships between the analysed variables was constant. In the low, medium and high levels of aesthetic sensitivity, the relationships were similar between the indicator of health-related quality of life mental health and the indicators emotional role and general health. Similarly, a positive correlation was obtained in all levels between mental health and adaptive coping strategies, and a weaker correlation between mental health and openness, as well as a negative relationship between mental health and active maladaptive coping strategies.

[image: Network graph displaying three panels labeled A, B, and C. Each panel shows nodes labeled ACS, NEO_A, NEO_O, HtA_MCS, A_MCS, SF_MH, SF_ER, and SF_GH. The nodes are interconnected with lines of varying thickness and color, indicating relationships or correlations. Blue and red lines suggest different types of connections, possibly positive or negative correlations. Each panel maintains a similar structure but with slight variations in line thickness and color distribution.]

FIGURE 2
 (A–C) Network analysis of the study variables with low, medium and high aesthetic sensitivity level. (A) Low aesthetic sensitivity level. (B) Medium aesthetic sensitivity level. (C) High aesthetic sensitivity level. SF_GM = General Health, SF_MH = Mental Health, SF_ER = Emotional role, NEO_O=Openness, NEO_A = Agreeableness, ACS = Adaptive coping strategies, A_MCS = Active maladaptive coping strategies, Na_MCS=Non-active maladaptive coping strategies.


Therefore, the level of aesthetic sensitivity did not exert a moderator effect on the relationships between the indicators of health-related quality of life, the personality traits openness and agreeableness, and coping strategies.



4 Discussion

The general aim of this study was to determine the effect of aesthetic sensitivity as an essential facet or characteristic of highly sensitive people, reflecting the positive aspect of this personality trait. In a population with a representative number of people with SPS, we analysed health-related quality of life, openness to experience and agreeableness, and the coping strategies that these people use in their daily living.

The specific objectives were: (1) to explore the differences, as a function of the level of aesthetic sensitivity, in the indicators of health-related quality of life, openness and agreeableness, and coping strategies; (2) to analyse the relationships between pairs of variables and determine whether these relationships were moderated by the level of aesthetic sensitivity; and (3) to assess the relevance of each variable in the set of relationships between all variables and determine whether there are modifications due to the moderator effect of aesthetic sensitivity in the set of relationships obtained.

This study was carried out using network analysis, which is a model that allows integratively analysing network structures composed of different variables and understanding the influence of the variables from the groupings that are established, being able to occupy central positions (strongly connected) or peripheral positions (weakly connected) in the network. It represents a novel contribution to the state of the art regarding aesthetic sensitivity in people with high SPS.

In the general relationship between the variables, it was expected that the personality traits studied and the health-related quality of life indicators would occupy a central position and the coping strategies a peripheral position. Likewise, it was hypothesised that aesthetic sensitivity, especially high aesthetic sensitivity, could be exerting a moderating effect on variables that were not personality traits, specifically, indicators of health-related quality of life and coping strategies, producing a different grouping in the relationships between variables considered globally.

With respect to aesthetic sensitivity, the first contribution of this study demonstrates that high aesthetic sensitivity is accompanied by greater openness to experience and tendencies towards the social world, which are defined in agreeableness, altruism, trust, sympathy and/or forgiving or conciliatory attitudes. Furthermore, the participants with high aesthetic sensitivity tended to use adaptive coping strategies more frequently, although they showed a slightly worse functioning in the different areas of life, due to the way in which emotional reactivity to everyday problems affects the emotional state of people with SPS.

These findings are in agreement with those of previous studies that related this fact of SPS to the traits of openness and agreeableness (Smolewska et al., 2006; Trå et al., 2022). It is thus confirmed that, in addition to aesthetic sensitivity to the environment, people with SPS are also sensitive to the social world, with greater capacity to perceive and regulate emotions (Trå et al., 2022), creative fantasy (DeYoung, 2015) and empathy (Acevedo et al., 2017). Therefore, it is not surprising that people with high aesthetic sensitivity manage social situations more adequately, especially in extroverted people (Pérez-Chacón et al., 2023a,b).

From the network analysis, regarding the relationships established between pairs of variables, it is worth highlighting a positive relationship between the indicators of health-related quality of life, general health, mental health and emotional role. In other words, mental and physical health, as well as emotional well-being in the functioning of daily living, are associated with better health-related quality of life. Moreover, the personality traits openness and agreeableness and the use of adaptive coping strategies are associated with lower emotional distress. Although the cost in emotional distress associated with interpersonal situations is higher and correlates with health-related quality of life (Pérez-Chacón et al., 2023a,b), highly sensitive people can benefit from a better emotional and mental quality of life (Genizi et al., 2019) due to the attraction to the beauty of the arts and nature, which are strengths that, based on the theory of vantage sensitivity and positive psychology, contribute to emotional well-being.

These findings demonstrate the relevance of the traits openness and agreeableness in health-related quality of life, as well as the use of adaptive coping strategies. In this sense, in line with previous studies, high sensitivity is associated with openness (Smolewska et al., 2006; Lionetti et al., 2018) and agreeableness (Trå et al., 2022). Cognitive flexibility and emotional involvement, which define openness (McCrae and Costa, 1997; DeYoung, 2015), and empathy, cooperation and correct mind reading, which characterise agreeableness (Nettle and Liddle, 2008), are involved in the use of adaptive coping strategies (Connor-Smith and Flachsbart, 2007), such as emotional expression, social support, conflict resolution and cognitive restructuring.

Moreover, both openness and agreeableness are associated with better quality of life. Openness is related to emotional role and agreeableness is related to mental health, which is in line with the findings of Huang et al. (2017), who reported that openness and agreeableness are associated with better health-related quality of life in general. However, in this study, openness was positively related to mental health through adaptive coping strategies, and this relationship was stronger than the negative relationship of openness with emotional role, counteracting the distress related to functioning in daily living, which is explained from the theory of differential susceptibility (Belsky and Pluess, 2009; Pluess and Belsky, 2009), such as greater effects (positive or negative), that is, due to reactivity in favourable or unfavourable environments in highly sensitive people, as well as to the experience of negative internal states in response to the exposure to internal and external stimuli (Brindle et al., 2015).

In this line, previous studies show that the use of active maladaptive coping strategies (Connor-Smith and Flachsbart, 2007), such as the use of thoughts loaded with fantasy (DeYoung, 2015) that foster the desire that reality were different, are associated with lower emotional reactivity.

Lastly, with respect to the effect of aesthetic sensitivity on the analysed variables, the findings of this study indicate that the level of aesthetic sensitivity do not play a moderator role, with the organisation of the variables remaining constant depending on the relevance between them. Therefore, regardless of the level of aesthetic sensitivity, these people present openness to experience and agreeableness, experience good health-related quality of life, and frequently employ adaptive coping strategies. However, regarding the importance of the variables within the network, these findings are in disagreement with what was expected. Firstly, in the set of variables, the health-related quality of life indicators were the only variables with the greatest importance in the relationships, although personality traits showed a weaker relationship. Secondly, according to the level of aesthetic sensitivity, both in people with high aesthetic sensitivity and in those with medium and low aesthetic sensitivity, there were indicators of quality of life related to health, that is, mental health, physical health and emotional role or discomfort in everyday situations, which showed more importance. Thirdly, the relationships established at the three levels were identical, indicating that the studied qualities of the positive facet in people with SPS are similar, with only quantitative differences. These results could be explained by the relevance of functioning at a neuropsychological level in these people (Acevedo et al., 2017).

To sum up, aesthetic sensitivity in people with SPS is related to the personality traits of openness to experience and agreeableness. In turn, the use of adaptive coping strategies and mental health are associated with the personality traits, demonstrating that, in highly sensitive people, the presence of openness to experience and agreeableness contribute to minimising and counteracting reactivity in favourable or unfavourable environments. In this sense, it is important to point out that, in certain areas of functioning, such as the labour scope, strengths like empathy in healthcare and education professionals can become a risk factor for the development of compassion fatigue and burnout (Pérez-Chacón et al., 2021), being associated with the suffering experienced by these professionals in problematic situations of other people.



5 Conclusion

In conclusion, aesthetic sensitivity, which is a facet of SPS that perceives the aesthetics of the environment and socio-emotional aspects, is strongly related to characteristics of the personality traits openness and agreeableness. Moreover, these characteristics are associated with adaptive coping strategies, such as emotional expression and regulation, and with better management of problematic situations at work and other activities of daily living that produce emotional reactivity. Furthermore, mental health and adaptive coping strategies, associated with other relevant variables analysed in this study, acquire an important role in health-related quality of life. Lastly, no moderator effect was detected in aesthetic sensitivity on the mentioned relationships.

These results could be highly relevant and useful for the propositions of prevention and clinical intervention, as well as for counselling in the psychoeducational, labour and family scopes, amongst others. They contribute to underlining the importance of enhancing the strengths of people with SPS in playful and/or professional activities linked to the arts and nature or the animal world, as sources of emotional well-being and life satisfaction. In addition, from a therapeutic point of view, this is a way of compensating and managing the emotional distress inherent to this personality trait, which manifests with anxiety and depression, paying special attention to these issues when helping these people.



6 Limitations

Firstly, the use of a cross-sectional methodology is not compatible with drawing conclusions similar to those drawn from a longitudinal methodology. Secondly, the exclusive use of self-reported scales implies a risk of bias in the attribution and interpretation of the results. Lastly, the profession or type of labour activity of the participants was not considered as a study variable, which would have allowed determining possible differences and similarities between the participants of this study as a function of the field of knowledge (technical, law, science, arts.., etc.). Thus, it is convenient, from the associations of professionals and experts in high sensitivity, to pay attention to and delve into this facet, i.e., the positive side of SPS, in order to advance in the knowledge of the positive and negative variables that have an impact on the individual differences, as they influence emotional well-being and quality of life in different scopes, including health and the labour scope, amongst others.

Finally, it is important to mention those limitations that could have arisen from the online evaluation, such as the impossibility of controlling variables outside the study that could have interfered with the completion of the questionnaires. In future work, it would be advisable to expand data collection in person, in order to delve further into this topic and guarantee equal opportunities for the target population of the study.
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Sensory processing sensitivity (SPS) is a biological/temperament trait that is associated with greater awareness of and reactivity to the environment, which results in amplified responses to various stimuli, and possibly medications. We investigated the relationship between SPS and medication sensitivity in three studies. Participants (ages 18–81) were recruited from university (Study 1: N = 125; Study 2: N = 214) and online (Study 3: N = 351) samples. In each study, participants completed a medication sensitivity scale, the standard highly sensitive person (HSP) scale to assess SPS, and a negative affectivity (NA) scale as a control variable. All three studies found moderate, significant correlations between SPS and medication sensitivity (r = 0.34, p < 0.001: r = 0.21, p = 0.003; r = 0.36, p < 0.001, respectively). Correlations remained significant, and similar, when controlling for NA and gender; and there were no significant interactions with gender. In sum, our results suggest that SPS is associated with medication sensitivity, even when considering NA and gender. Thus, future work might consider SPS when investigating recommended medication, medication dosage, effectiveness, and adverse drug reactions.
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Introduction

It is clear that when examining response to prescription medications, that many variables may interact to produce positive results or adverse drug reactions (ADRs), such as age, weight, lifestyle, co-morbidities, and genetic variation (Zhou et al., 2015; Haga, 2017). Precision medicine is a field that takes these various factors into account to create personalized medicine tailored to individuals’ lifestyle, genes, and other variables. Coinciding with this goal, researchers have started to examine how traits (particularly those with a biological basis) impact individual differences in drug response (Costello et al., 2014).

Gender has also been investigated in the context of physical sensitivity, including sensitivity to medication and to the perception of physical pain, with some research suggesting that women experience more ADRs (Kando et al., 1995) and pain (Engel-Yeger and Dunn, 2011), compared with men. Collectively, the results of these studies highlight how biologically-based traits and gender may be differentially associated with responsivity and sensitivity to medications.

Individuals who demonstrate heightened sensitivity to medications, based on genetic variations or metabolic differences can experience more ADRs or side effects (Evans and Johnson, 2001; Shuldiner et al., 2009; Kalichman et al., 2022) which can influence healthcare usage (Macy and Ho, 2012; Baliatsas et al., 2015), health information seeking (Faasse et al., 2015), as well as treatment adherence, treatment efficacy, and outcomes (Kalichman et al., 2022.) To illustrate, in American patients receiving HIV care, perceived sensitivity to medications was associated with greater experience of antiretroviral side-effects and less compliance with their treatment regimen, which was then associated with increased HIV viral load (Kalichman et al., 2022). Patients with medication sensitivity also needed dosage adjustments or alternative medications for better management (Evans and Johnson, 2001; Shuldiner et al., 2009). For example, differences in drug metabolism and receptor sensitivity linked to the CYP2C19 gene were associated with decreased activation of the anti-blood-clotting drug clopidogrel (Shuldiner et al., 2009). These individuals had to be prescribed an alternative drug or risk a possibly fatal ischemic event. Additionally, individuals with a specific polymorphism in the enzyme thiopurine S-methyltransferase were unable to metabolize various types of thiopurine medications used in leukemia therapy (Evans and Johnson, 2001). These individuals could tolerate only 5–10% of the conventional dose of these medications before developing toxicity.

With the recent advent of pharmacogenetics, researchers have been able to quickly identify genetic polymorphisms associated with individual differences in medication sensitivity (see reviews by Evans and Johnson, 2001; Singh, 2023). Pharmacogenomics is based on the premise that polymorphisms, i.e., differences in the structure of a specific gene or networks of genes, can determine individual differences related to drug metabolism and response. Nevertheless, there are issues with healthcare inequalities due to the cost, the underrepresentation of certain groups in genetic databases, as well as issues with data privacy, informed permission and discrimination based on genetic analyses (see review by Singh, 2023).

The temperament trait of sensory processing sensitivity (SPS), which is characterized by greater awareness of, and reactivity to, environmental stimuli, both for better and for worse (for reviews, see Aron et al., 2012; Greven et al., 2019), is potentially a very relevant model for understanding medication sensitivity within the broader population. The trait shows fundamental neural differences between individuals in a species, suggesting it could serve as a key biomarker for sensitivity to medication. Since it is found in 20 to 33% of the general population (Lionetti et al., 2019), it could be used to screen a significant percentage of hypersensitivity. In addition to SPS, individuals with various neurologic issues (such as traumatic brain injury and autism) and with chronic pain also experience sensory hypersensitivity (e.g., López-Solà et al., 2014; Callahan and Lim, 2018). About 18% of patients with brain injury report experiencing sensory hypersensitivity subsequent to their injury (Chung and Song, 2016). As such, a review of studies examining patients with post-stroke subjective sensory hypersensitivity (Thielen et al., 2023) found a link between sensory hypersensitivity and lesions to the insula—a brain region commonly shown in fMRI studies of SPS (e.g., Acevedo et al., 2018). Thus, the relationship between SPS and medication sensitivity can serve as an easily measurable marker for sensory hypersensitivity in general.

Also, SPS is expressed differently according to environmental conditions, such that in stressful or chaotic contexts those with high levels of SPS may experience negative arousal, stress, anxiety, and negative affect (for review see Greven et al., 2019). On the other hand, in response to positive stimuli and environments, those with high levels of SPS show larger positive responses than those with low levels. There is evidence, for instance, in investigations exploring brain activity linked to reward mechanisms and the outcomes of interventions for depression (Acevedo et al., 2014; Pluess and Boniwell, 2015). Such research has associated higher levels of SPS with stronger positive reactions, thereby suggesting that tailoring treatments according to sensitivity levels could disproportionately influence the efficacy of treatment outcomes.

Individual differences in SPS—which are associated with stronger response to stimuli, including emotional images, others’ moods, sounds, smells, strong lights and caffeine—may also inform dose-response variations, which are impacted by a variety of factors including environmental influences and underlying physiology (e.g., Allen et al., 2020). For example, one study examining response to evening light and melatonin suppression found that sensitivity was associated with differential responses to varying levels of evening light (Phillips et al., 2019). Specifically, the most sensitive individuals in the study by Phillips et al. (2019) showed melatonin suppression at dim light levels, but the least sensitive participants showed the same level of suppression only when exposed to bright indoor light. Thus, highly sensitive individuals may require lower medication doses.

In addition, consistent with gender differences in medication response, at least one study found significant interaction effects between SPS, gender and self-reported physical symptoms—including back pain, diarrhea, and sore throat (Benham, 2006).

The present study aimed to fill a gap in research by examining the association between medication sensitivity and SPS. We predicted that SPS would be positively associated with sensitivity to medication. In addition, we also controlled for negative affectivity (NA) in each of the three studies because the widely used measure of SPS—the highly sensitive person (HSP) scale—tends to include many negatively-worded items. Thus, we controlled for NA, and examined whether any correlation of medication sensitivity with SPS might be due to NA. Also, given the study showing a greater number of ADRs among women versus men (Kando et al., 1995), we also explored whether gender might contribute a moderating role to the association between SPS and medication sensitivity.

In the three studies described herein, we asked participants recruited from university samples and online to complete self-report measures of SPS (measured with the HSP scale), NA (as a control variable), and medication sensitivity. We predicted that SPS would be positively associated with medication sensitivity, and that gender would interact with SPS, resulting in particularly higher sensitivity to mediations among women high in SPS.



Materials and methods


Participants


Study 1

Participants of 18+ years who were able to complete an English survey were selected from undergraduate students participating in psychology research. After excluding a participant who did not complete the medication questionnaire, the Study 1 sample was composed of 125 participants (70.40% women; 58% aged 20 to 24; overall range, based on age range choices, was 35% “15–19,” 4% “25–29,” and 2.4% “over 30”). Participants were recruited from a northeastern US university as part of standard mass testing. The study was administered in return for course credit. All participants provided informed consent in accordance with Stony Brook University’s IRB procedures.



Study 2

The Study 2 sample consisted of 214 participants (61% women), ages 18 to 77 (M = 30.3, SD = 11.8). Approximately 30% of respondents were students and 44% were currently employed. The majority of the sample was college educated: 38% had some college education, 16% had an Associate’s degree, 18% a Bachelor’s degree, 13% a Master’s degree, 1% a professional degree, and 2% a Doctorate; and about 11% of had only completed high school. Our sample was diverse, including 27% Black/African-Americans, 12% Latino/Hispanics, 39% Caucasians, 7% Asians, 6% native Americans, and 5% replied “Other.” Participants were recruited via advertisements, flyers, listservs, social media, and by the University of California, Santa Barbara’s (UCSB) Subject Pool to participate in a 30-min online survey on “Personality, Behavior, and Emotions.” For participating in the study, subjects were entered into a prize drawing for a $25 gift card. All participants provided informed consent in accordance with UCSB’s IRB procedures.



Study 3

Individuals aged 18 years or more were invited to participate. A sufficient knowledge of the English language was necessary. This was confirmed by participation in the study. Participants (N = 351; 45% women; M age = 35.96, SD = 10.80, range 19 to 81) were recruited online using the crowdsourcing marketplace Amazon Mechanical Turk. Our sample included 6.60% participants of Eastern/Asian, 9.40% Black/African-American, 6.80% Latino/Hispanic/Spanish and 76.90% White/European ancestry. Two participants assigned themselves to the category “Native American,” two additional participants chose the option “other.” For n = 349 of the final sample, English was the native language. Nine of the Study 3 participants were excluded from this data set (see “Data analysis” section). The subjects were asked to answer some “Personality” questions. Participants were not remunerated by UCSB, although they were remunerated by Mechanical Turk. All participants provided informed consent in accordance with the University of California–Berkeley Institutional Review Board (IRB).




Measures


Sensory-processing sensitivity (SPS)

Sensory processing sensitivity (SPS) was measured with the standard highly sensitive person (HSP) scale (Aron and Aron, 1997). The HSP scale includes 27 items measuring characteristics such as awareness to subtleties in the environment; sensitivity to scents, noise, lights, fabrics, pain, and caffeine; and the tendency to become overwhelmed in the presence of many stimuli. The HSP scale has been shown to represent a valid and reliable measure of the trait (for a review, see Greven et al., 2019) All items are answered on a 7-step Likert-scale. Reliability measures for each study are as follows: Study 1 (α = 0.88), Study 2 (α = 0.93), and Study 3 (α = 0.93).



Negative affectivity

Previous studies of SPS (e.g., Aron and Aron, 1997; Acevedo et al., 2014; Lionetti et al., 2019) have typically controlled for NA, due to the HSP scale’s moderate to high correlation with negative affect (approximately 0.3). Studies 1 and 3 measured NA with two commonly used items asking, “Are you prone to fears?” and “Are you prone to depression?” Reliability was moderate (Study 1, α = 0.69) to good (Study 3, α = 0.80) for two of the three studies. As a check, we also conducted all analyses using the two NA items individually, and found nearly identical results.

In Study 2, NA was measured with the two-item Emotional Stability subscale of the Gosling et al. (2003) Ten-Item Personality Inventory (TIPI). The alpha for NA in Study 2 was low (α = 0.46), thus we conducted analyses with both the two-item measure and each item separately.



Sensitivity to medication

In Study 1, we used the 7-item medication sensitivity scale (Cohen, 1999), which assesses patient variability with respect to adverse drug reactions using primarily binary responses. In Study 1, only six items of the scale were used and they were slightly adjusted. In particular, open-ended questions of the original scale were re-phrased to elicit binary responses (e.g., “How are you affected by alcohol?” was changed to “Are you sensitive to alcohol?”). Wording was also changed for one item (i.e., “Have you ever had a reaction to epinephrine?” became “Are you anxious after epinephrine?”). Further, questions 1 (“Are you sensitive to any prescription or nonprescription drugs?”) and 7 (“Overall, how would you describe yourself with regard to medication?”) were combined into one general question (i.e., “Are you very sensitive to medicine?”). The reliability of the scale was moderately low (α = 0.55).

Thus, we also ran all analyses using only two general items (“Have you had any side effects from any other prescription or non-prescription drugs?” and “Are you very sensitive to medication?,” α = 0.51), which were nearly identical to items of the validated perceived sensitivity to medicine (PSM) scale (Horne et al., 2013) used in Studies 2 and 3.

The PMS is a 5-item Likert-scale ranging from: “strongly disagree” to 5 = “strongly agree.” Sample items include, “My body is sensitive to medicines” and “I usually have strong reactions to medicines than most people.” Reliability of the PMS scale was strong in Study 2 (α = 0.92) and Study 3 (α = 0.93), and replicates previous findings (see Horne et al., 2013).




Data analysis

See Table 1 for descriptive statistics of the study variables.


TABLE 1 Descriptive statistics of major study variables overall and by gender.

[image: Table displaying mean and standard deviation (SD) for three studies on SPS, medication sensitivity, and negative affectivity. Study 1: SPS M=4.30, SD=0.82; medication sensitivity M=0.39, SD=0.24; negative affectivity M=3.67, SD=1.53. Study 2: SPS M=4.64, SD=0.82; medication sensitivity M=3.12, SD=1.50; negative affectivity M=4.00, SD=1.28. Study 3: SPS M=3.95, SD=1.06; medication sensitivity M=2.23, SD=1.02; negative affectivity M=3.53, SD=1.89. Results are divided by gender within each category.]

We examined the association between SPS and medication sensitivity with a series of correlations and partial correlations, using version SPSS 16.0 (Study 1) and 22.0 (Studies 2 and 3) of IBM SPSS (IBM Corporation, Armonk, NY, USA). We also conducted partial correlations for SPS and medication sensitivity, controlling for age and gender, as reported in the Results. We used correlations since this was an observational, not experimental design.

For Study 1, data screening included identifying individuals who did not complete scale items. Only one individual had not completed any of the medication sensitivity items. This participant was excluded from the N = 126 dataset, leaving 125 participants. One participant had failed to answer one item and another participant had failed to answer two items. The variable mean was calculated from the items that were answered, and the individuals were retained in the data set.

For Study 2, data screening required identifying careless or unmotivated responses prior to performing data analyses due to the nature of online surveys (Meade and Craig, 2012; Dunn et al., 2018). First, we included a direct assessment of careless responses in our survey, where participants were asked three self-report questions: (a) I enjoyed participating in this survey, (b) I worked to the best of my ability on this survey, and (c) I gave this survey my full attention (rated on a 7-point Likert scale). We excluded all cases that were two standard deviations below the mean of the three attention-check items (M = 5.58, SD = 1.22). Second, following procedures outlined by Dunn et al. (2018), for each respondent we calculated the intra-individual variability (IRV) index across all items. Respondents with extremely low IRV values across different constructs were excluded from analyses. Third, we excluded respondents that took 10 min or less to complete the survey, as our piloting suggested that the average time to complete the survey was about 25-min. A total of 118 participants were excluded from the original sample of 332, resulting in the final sample of 214 participants.

In Study 3, we included three distractor items that asked participants to answer with a specific response option. Participants who failed these items (n = 3) were taken out of the data set. Furthermore, the data set was checked for unusual patterns, such as the use of one answering option across a whole scale (with focus on the HSP scale). Based on the observed patterns, 5 additional participants were taken out of the data set. Furthermore, one participant was taken out based on the fact that his mean (M = 1.83) on one of the scales was significantly lower than those of the general data set (i.e., three standard deviations below the mean, M = 4.61, SD = 0.85).




Results


Study 1

The correlation between SPS and the modified medication sensitivity measure by Cohen (1999) was r = 0.34, p < 0.001 (and with just the two general medication sensitivity items, r = 0.31, p = 0.001). The correlation of the modified medication sensitivity measure with SPS, after controlling for NA was rp = 0.30, p = 0.001. Controlling for gender had a minimal effect on the correlation of medication sensitivity with SPS, rp = 0.33, p < 0.001; and also, when controlling for gender and NA, rp = 0.28, p = 0.002. Partial correlations of SPS with the general two-item medication sensitivity measure were similar to those with the full measure when controlling for NA, rp = 0.29, p = 0.001; and when controlling for gender and NA, rp = 0.31, p < 0.001. There was no significant interaction of gender and SPS with either the full scale (ßinteraction = −0.25; p = 0.677), or the 2-item medication sensitivity measure (ß interaction = −0.74; p = 0.222). In sum, Study 1 showed a moderate and significant association of SPS with medication sensitivity, whether or not controlling for NA and gender, and there was no interaction with gender.



Study 2

Sensory processing sensitivity (SPS) was significantly correlated with medication sensitivity (r = 0.21, p = 0.003), including when controlling for NA (rp = 0.22, p = 0.001); and when controlling for the two NA items individually (rp = 0.24, p = 0.001; rp = 0.21, p = 0.003). As in Study 1, the interaction of gender and SPS with medication sensitivity was not significant (ßinteraction = −1.83, p = 0.069), and controlling for gender had a very minor effect on the correlation between SPS and medication sensitivity (rp = 0.22, p = 0.002). Also, controlling for NA and the individual NA items had little impact on the association between SPS and medication sensitivity (rp = 0.23, p < 0.001; rp = 0.21, p < 0.001; rp = 0.22, p = 0.002). In sum, consistent with Study 1 results, Study 2 found a small to moderate, but significant, association between SPS and medication sensitivity.



Study 3

Study 3 showed that SPS was positively associated with medication sensitivity (r = 0.36, p < 0.001), even when controlling for NA (rp = 0.27, p < 0.001) replicating results from Studies 1 and 2. Also, as in Studies 1 and 2, the interaction of gender and SPS with sensitivity to medicine was not significant (ßinteraction = −0.23, p = 0.411); and controlling for gender had a very minor effect on the correlation between SPS and medication sensitivity (rp = 0.32, p < 0.001). Controlling for gender and NA (rp = 0.23, p < 0.001) resulted in only a small decrease in results. In sum, Study 3 replicated Studies 1 and 2, but with a larger sample. As in Studies 1 and 2, Study 3 showed a moderate and significant association between SPS and medication sensitivity, but did not find a significant interaction with gender.




Discussion

Previous studies have shown that sensory processing sensitivity (SPS) is associated with stronger effects in response to stimuli, both for better and for worse (for review see Jagiellowicz et al., 2020). Also, some studies have shown that individual differences in genetics, biologically-based traits and gender may predict medication sensitivity (Costello et al., 2014). Thus, the set of three studies reported herein examined, for the first time, both the unique association between SPS and medication sensitivity, as well as the association when accounting for gender and negative affect. Results showed a significant correlation between SPS and medication sensitivity, in line with research and theory showing that SPS is associated with more intense reactions to various stimuli (Wachs, 2013; Acevedo et al., 2014; Jagiellowicz et al., 2016; Aron et al., 2019). These results suggest that the physical manifestations of a lower threshold to ADRs would be indistinguishable from a more intense reaction to the same level of stimuli. Thus, we propose that, instead of assuming that ADRs to medications are entirely psychogenic (Ong et al., 2004), that they may be partly due to the more responsive physiology found in some individuals, such as those with the biologically-based temperament trait of SPS (Acevedo et al., 2014; Jagiellowicz et al., 2016; Aron et al., 2019; Acevedo, 2020).


Limitations and strengths

The present set of studies are exploratory, and as such, are not without limitations. Notably, we used different measures of medication sensitivity in Study 1 versus Studies 2 and 3. Study 1 adapted a medication sensitivity scale. However, results were replicated in Studies 2 and 3 which used a well-validated measure of medication sensitivity. Also, Studies 2 and 3 recruited broader samples—differing in age, and gender distribution—thus, increasing the generalizability of the pattern of results.

Also, it is possible that there may have been some response bias in the present research. Thus, future studies may implement more objective measures of medication sensitivity to address this limitation. For example, future studies would benefit from objective measures of medication sensitivity, such as physician reports or physiological measures; as well as randomized control studies. Also, forthcoming work may consider pre-existing conditions, diagnoses, and the medication status of the respondents.

Nevertheless, these studies provide a foundation for future research by showing that there is a significant relationship between SPS and medication sensitivity, even when controlling for NA. For example, while some studies have proposed that ADRs are mostly psychogenic (Ong et al., 2004), the present findings with respect to SPS suggest that they are not necessarily due to negative associations or trauma. Specifically, we found a nearly identical pattern of results when controlling for NA. In addition, our lack of significant gender differences for medication sensitivity among those with high SPS was consistent with some of the literature (Magharious et al., 1998; Applebaum et al., 2009). Thus, the results reported herein suggest that medication sensitivity observed among those with high SPS may be due to a biological sensitivity to environmental influences inherent in the SPS trait. The HSP scale is also easy to administer, and less costly than pharmacogenetic approaches, thus ameliorating some of the accessibility issues associated with these methodologies. As such, these findings suggest that SPS might be important to consider in precision (personalized) medicine, when deciding medication dosage, and when screening patients that may be susceptible to ADRs.




Conclusion

In sum, results from the three studies reported on herein suggest that SPS may be associated with a higher sensitivity to medications. Thus, SPS might be important to investigate in future research and practice when considering medication dosage, medication effectiveness, and adverse drug reactions.

In addition, this work might have implications for personalized medicine, since the relationship between SPS and medication sensitivity can serve as an easily measurable marker for sensory hypersensitivity in general.
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Introduction: As captured by the individual trait of Sensory Processing Sensitivity (SPS), highly sensitive children perceive, process, and responds more strongly to stimuli. This increased sensitivity may make more demanding the process of regulating and managing emotions. Yet, developmental psychology literature also showed that other variables, as those related to the rearing environment, are likely to contribute to the process of regulating emotions. With the current contribution, we aim to bridge two lines of research, that of attachment studies and that of SPS, by investigating the additive and interactive contribution of SPS and internal working models of attachment representations on emotion regulation competencies in school-aged children.
Method: Participants were N = 118 Italian children (mean age: 6.5, SD = 0.58 years, and 51.8% female) with their mothers. Children’s positive attachment representations were rated observationally through the Manchester Child Attachment Story Task procedure during an individual session at school. Mothers reported on children SPS trait and emotion regulation competencies completing the Highly Sensitive Child Scale-parent report and the Emotion Regulation Checklist. We performed and compared a series of main and interaction effect models.
Results: SPS was not directly associated with emotion regulation but it was significantly associated with positive attachment representations in predicting emotion regulation. Highly sensitive children showed poorer emotion regulation when the internalized representations were low in maternal warmth and responsiveness. When driven by sensitive and empathic attachment representation, highly sensitive children showed better emotion regulation than less-sensitive peers, suggesting a for better and for worse effect.
Discussion: Highly sensitive children are not only more vulnerable to adversities but also show better emotion regulation competencies when supported by positive internal working models of attachment relationships. Overall, findings shed light on the link between SPS and attachment and suggest that working for promoting secure attachment relationships in parent–child dyads may promote better emotion regulation competences, particularly in highly sensitive children.
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 Sensory Processing Sensitivity (SPS); attachment; internal working models; internalized attachment relationships; emotion regulation; school-age children; observational study


1 Introduction

Over the last two decades, empirical evidence has shown that children and adults differ in the degree to which they perceive, process and respond to both positive and negative stimuli, with some showing heightened sensitivity to the environment, for better and for worse (Belsky et al., 2007; Belsky and Pluess, 2009). A reliable psychological marker reflecting such individual differences in responding to stimuli and processing information is the biologically based trait of Sensory Processing Sensitivity (SPS; Aron and Aron, 1997), which is also termed environmental sensitivity (Pluess, 2015). Based on theoretical reasoning and empirical data, individuals with high levels of SPS tend to process information more deeply, and present a stronger emotional reactivity to events (Lionetti et al., 2019; Acevedo et al., 2021; Pluess et al., 2023). According to a neuro-sensitivity hypothesis, the heightened sensitivity, deeper processing and higher reactivity characteristic of SPS seem to stem from a more sensitive and reactive central nervous system (Aron et al., 2012; Pluess et al., 2013; Acevedo et al., 2021). Empirical evidence has also shown that individuals high on SPS tend to be more prone to getting emotionally overwhelmed (for review see Aron et al., 2012; Greven et al., 2019; Lionetti and Pluess, 2023), with potential negative implications for wellbeing and psychological adjustment.

However, some empirical evidence also suggests that an increased sensitivity is not necessarily a risk for emotion regulation issues in children. Instead, it predicts regulation competencies depending on the quality of the environment, such as parenting (Slagt et al., 2018; Lionetti et al., 2019, 2021; Sperati et al., 2022), in a for better or for worse manner (Belsky et al., 2007). Though important from both an applied and theoretical point of view, the evidence is still relatively limited and, most important, the majority of studies explored parenting based on parent-report measures, with the risk of potentially biased results.

The current study sought to fill these gaps by exploring the association between the SPS trait and emotion regulation competencies in children, by examining the moderating role of children’s internalized representations of attachment relationships. The study implemented an observational doll-play procedure—a semi-structured play assessment tool, aiming to evoke, within a standardized setting, patterns of behavior and reaction that originate from an inner working model of attachment relationship (Green et al., 2000). We decided to focus on attachment, as it is considered one of the key variables predicting emotion regulation competencies in children (Waters et al., 2010; Cooke et al., 2019; Tammilehto et al., 2022). Also, we wanted to examine factors that could shed light, and deepen extant knowledge, on variables contributing to emotional competencies in highly sensitive individuals. As such, these results have the potential to inform applications and the practical field about individual and environmental variables that could predispose some children to difficulties in emotion regulation, as well as to flourish in this respect.


1.1 Sensory Processing Sensitivity and emotion regulation

Individual differences in the degree to which people perceive, process and respond to both positive and negative environmental stimuli, also defined environmental sensitivity (ES; Pluess, 2015), can be phenotypically captured by the SPS trait (Aron and Aron, 1997). A continuum from low to high sensitivity has been observed within the population, with a quarter of people (∼30%) characterized by a heightened sensitivity, the majority having a medium sensitivity and another sizeable minority characterized by a particularly low sensitivity to environmental stimuli (Lionetti et al., 2019). In line with a Differential Susceptibility perspective (Belsky et al., 2007; Belsky and Pluess, 2009), highly sensitive individuals show a heightened responsiveness not only to negative environment, with a greater risk of mental health problems, but also to nurturing rearing experiences, with a flourishing effect. As further described in the Biological Sensitivity to Context theory (BSC; Boyce and Ellis, 2005), this sensitivity is shaped by early environmental exposures. Brain and gene studies examining adults further suggest that this increased sensitivity has specific structural and functioning correlates in the brain (Acevedo et al., 2014; Pluess et al., 2022), and can be captured by specific genetic variants, such as the dopamine receptor genes (Bakermans-Kranenburg and van Ijzendoorn, 2011), and via a genome wide approach (Keers et al., 2016). Thus, SPS provides a phenotypical marker of such individual differences in responding to the environment, that can be reliably assessed via a range of measures available from the preschool period to adulthood, including self-report, parent-report questionnaires and an observational rating system (Pluess et al., 2018, 2023; Lionetti et al., 2019, 2023; Sperati et al., 2022). SPS refers to a biologically based individual trait that seems to originate from a more reactive nervous system and implies a deeper processing of stimuli, including emotional ones (Acevedo et al., 2014). Several studies have shown associations between heightened SPS and greater activation of brain areas related to both awareness in facial details and emotion recognition (Acevedo et al., 2014; Tabak et al., 2022; Kahkonen et al., in preparation). For example, when exposed to both neutral facial expressions and emotionally-expressive faces, adults high in SPS have been found to present greater activation in areas related to attention and to empathy, respectively (Acevedo et al., 2014). The ability to perceive emotional nuances in the surrounding (i.e., subtleties in facial expression or in prosody), which can be measured with neural activity, is likely the reason for which both adults and school-age children scoring high on SPS have been found to be more empathic and better at emotion recognition (Acevedo et al., 2014; Tabak et al., 2022; Kahkonen et al., in preparation). Moreover, a heightened sensitivity is associated with stronger emotional reactivity, with highly sensitive people (i.e., adolescents and adults) found to experience higher levels of emotions, both positive and negative ones (Lionetti et al., 2019; Weyn et al., 2022; McQuarrie et al., 2023; Pluess et al., 2023). Such stronger emotional reactivity could make it more challenging for highly sensitive individuals to manage emotions, with relevant consequences for socio-emotional adjustment.

Extant studies have shown that SPS is associated with greater risk of mental health problems, including behavioral problems in childhood (Lionetti et al., 2019), and anxiety and depression during adulthood (Liss et al., 2005). At the core of these associations may lie difficulties in coping with heightened emotional arousal. Consistent with this notion, studies involving adults have found high SPS to be associated with poorer emotion regulation strategies, such as limited acceptance of negative affect, higher suppression of feelings and less cognitive reappraisal of emotions (Brindle et al., 2015; Eşkisu et al., 2022). However, empirical evidence on SPS and emotion regulation is still scarce, and according to literature on SPS, for a comprehensive understanding of this link, the role of the rearing environment needs to be considered. Parenting plays a critical role in the development of emotional regulation strategies (Waters et al., 2010; Cooke et al., 2019; Tammilehto et al., 2022), and in line with a differential susceptibility reasoning, it should matter even more for highly sensitive individuals.



1.2 Sensory Processing Sensitivity and parenting

Empirical literature focusing on the interaction between SPS and rearing environment in predicting child developmental outcomes has shown that high SPS predicted greater externalizing and internalizing problems in children, as well as difficulties in emotion regulation strategies, especially when exposed to less-than-optimal parenting experiences. According to Slagt et al. (2018), high SPS longitudinally interacted with both changes in negative (i.e., over-reactive, authoritarian, inconsistent parenting) and positive parenting (i.e., responsive and inductive parenting) in predicting changes in externalizing behaviors in preschool children, with findings supporting a differential susceptibility effect. In other words, highly sensitive pre-schoolers showed increased externalizing behaviors when exposed to both decreased positive parenting and increased negative parenting. In contrast, they showed the lowest levels of externalizing behaviors, when high positive parenting was maintained and when negative parenting decreased. Similarly, Lionetti et al. (2019) found observer-rated SPS to moderate the effects of permissive parenting on externalizing behavior in 3-year old children, as well as on internalizing behavioral problems in children at age three and six. Precisely, highly sensitive children showed higher levels of externalizing behavioral problems in a context of permissive parenting but lower levels of externalizing behaviors, as well as internalizing symptoms, similar to their less-sensitive peers, when the permissive parenting was low.

When considering a maladaptive emotion regulation strategy— such as rumination, which is a precursor for depression and internalizing problems (Verstraeten et al., 2011), observer sensitivity ratings in pre-schoolers predicted higher levels of rumination during middle childhood (Lionetti et al., 2021). This, in turn, was related to a higher risk of depression during preadolescence, but only when exposed to a parenting characterized by absence of positive bonding and essential rules, such as the permissive parenting. Similarly, Sperati et al. (2022) found that school-aged children scoring high in SPS were more influenced in their emotion regulation competencies by parenting stress, than their low sensitive peers. In other words, highly sensitive children’s emotion regulation competencies seem not to be necessarily hampered, but to be influenced by the interplay with the quality of the rearing environment and, particularly, parenting. Yet, the extant literature is still scarce, limited to a few studies, and no study explored the environment at an observational level. Self-reports of parenting are widely used and capture, to some extent, parental attitude, and beliefs. However, self-reports can be biased and may not correspond to the way in which a child perceives the parental figure.



1.3 Overview of the current study

The current study had two aims. First, to explore the relationship between the individual trait of SPS and emotion regulation competencies. Second, to explore whether this association was moderated by the rearing environment as captured by sensitive and warm internalized representations of maternal caregiving behaviors in the child (i.e., the extent to which the dyadic parent–child relationship was experienced and internalized as responsive, available and empathic). In doing so, we involved a sample of young school-age children, on average 6.5 years of age. According to attachment theory, during the preschool years, children consolidate their internal working models related to their mother–child relationship (Bretherton, 1999). So we considered the first years of school age as an optimal period to investigate internal attachment representations and specifically the extent to which the relationship is represented as warm and empathic. We expected SPS to not be directly associated with emotion regulation. However, when considering the quality of the parenting environment, we expected that high SPS would predict poorer emotion regulation competencies when internalized attachment representations of caregiving behaviors were lower in responsiveness and warmth. At the same time, we expected that high SPS would be associated with stronger emotion regulation abilities, especially among children with more sensitive and warmer internalized attachment representations of their mothers. This hypothesis is in line with attachment theory pointing out that secure representations of parents, such as responsiveness and warmth, promote better emotional regulation (Waters et al., 2010; Cooke et al., 2019; Tammilehto et al., 2022). For low levels of SPS, we expected attachment to play only a trivial, minor role, on children’s emotion regulation competencies.




2 Materials and methods


2.1 Participants and procedure

Participants were (N = 118) school-aged children with their mothers. Children were on average 6.5 years old (age range: 5–8 years old, SD = 0.58) and 51.8% were female. Mothers had a mean age of 37.7 years (age range: 22–55 years old, SD = 6.2) and most were Italian (83%). The majority (92%) lived with the father of the child, and 19% had no other children. The sample was recruited from different schools in Central Italy, from both village and town areas. Recruitment mainly occurred during parents’ evenings at schools during which the research team invited parents to take part in the study and informed consent was obtained from both of the parents who were informed about the study conditions. Children were involved in a quiet, individual play setting with the experimenter during school time. During the session, the experimenter ensured that the child felt comfortable. After obtaining verbal assent from the child, the session started with a 5-min free play moment (e.g., with toys), followed by the administration of the MCAST to assess internalized attachment representations through a doll-play completion method. Each single session lasted a mean of 30 min. The child play sessions were videotaped via a camera provided to the research team, placed in front of the child and the play materials (e.g., house doll), and then videos were coded for attachment representations by two trained researchers, independently. Mothers were invited to fill out paper questionnaire at home.



2.2 Measures


2.2.1 Sensory Processing Sensitivity

Children Sensory Processing Sensitivity was assessed with the Highly Sensitive Child–Parent Report scale (HSC-PR; Slagt et al., 2018), recently validated for Italian parents (Sperati et al., 2022). The 12-items aim to capture an increased appreciation for positive environmental stimuli and great attention to subtleties (e.g., “Some music can make my child really happy”; “My child notices when small things have changed in his/her environment”), a lower sensory threshold related to unpleasant sensory arousal (e.g., “loud noises make my child feel uncomfortable”), and a stronger feeling of getting overwhelmed when exposed to potentially adverse experiences (e.g., “my child gets nervous when he/she has to do a lot in little time”). Each item was rated on a 7-point Likert scale ranging from “1 = Not at all” to “7 = Extremely,” with higher scores indicating higher levels of sensitivity. In the current sample, internal consistency of the total score was good (Cronbach’s α 0.77).



2.2.2 Emotion regulation

Children’s emotion regulation competencies were reported by parents with the Emotion Regulation (ER) subscale of the ERC (Shields and Cicchetti, 1997), in its Italian validated version (Molina et al., 2014). The 8-items assess the frequency of behaviors and situationally appropriate affective displays, empathy, and emotional self-awareness with higher scores indicating greater children ability to manage their own emotional arousal. Items are rated by parents on a 4-point Likert scale ranging from 1 = Almost never to 4 = Almost always. In the current sample, internal consistency of the ER subscale approached sufficient values (α = 0.54 dropping out item 23), but consistent with internal reliability shown in the Italian validation of the measure (α = 0.59; Molina et al., 2014).



2.2.3 Internalized positive attachment representations

Children’s representations of caregiving behaviors were observationally assessed with the Manchester Child Attachment Story Task (MCAST; Green et al., 2000; Barone et al., 2009). Based on the attachment theory, MCAST consists of a doll-play completion method and presents children with four story stems that relate to specific attachment stressors (i.e., nightmare, hurt knee, illness, lost in a shopping center) and one preparation vignette (i.e., breakfast). The story stem protagonists are a child and mother figure, implying the dyadic relationship between child and primary caregivers. The MCAST provides both an overall strategy of assuagement (i.e., 4-way attachment classification), as well as an evaluation on single attachment-related dimensional scales related to both child and caregiver behaviors (e.g., warmth, sensitivity, intrusiveness, proximity seeking, self-care behaviors). Because we considered positive emotion regulation competencies as the outcome, we specifically focused on positive caregiving behaviors, such as Responsiveness-Sensitivity and Warmth as perceived by the child. These two scales refer to the caregiver’s physical and emotional responses to the distress of the child, as well as capturing the caregiver’s expression of warm feelings, affect, and empathy.

The Responsiveness-Sensitivity and Warmth dimensions were rated on a 9-point Likert scale ranging from 1 = No evidence of sensitivity to child signals/Cold, uncaring, hostile; to 9 = clear and well timed responsiveness/high levels of warmth, empathy and care. For example, if the child displayed a caregiver who did not respond to the child signaling distress during the doll-playing vignette, (with other goals in the mind), this would be coded as 1 for Responsiveness-Sensitivity. If the child represented the mother as cold and uncaring, with or without overt violence and hostility, this was coded as a 1 or 2. As the two positive dimensions were strongly associated with each other (r = 0.83), we computed a mean score. The higher was the score, the more positive the child’s internalized attachment representation of the caregiving behaviors. Inter-rater reliability was tested on 30 encodings. Raw agreement on Responsivity-Sensitivity and the Warmth dimension was 85% (Cohen’s κ =0.72, p < 0.001).




2.3 Data analysis


2.3.1 Descriptive statistics and linear correlations

We first explored the percentage of missing values and whether the missing data were below 10% to adopt listwise deletion. Linear correlations between all study variables were computed to investigate whether children’s SPS, emotion regulation competencies, internalized attachment representations, age and gender were associated with each other. We considered associations to be low when Pearson’s r was around 0.10 or less, medium if r varied around 0.30, and large if r was higher than 0.50 (Cohen, 1988, 1992). We further calculated the r critical for the current sample size.



2.3.2 Main and interaction effect models

Next, we ran and compared a series of main and interaction effects models between SPS and the warm attachment representation variable in predicting emotion regulation across three steps. We first ran a linear regression model considering SPS as a predictor of children emotion regulation (i.e., model 1 = emotion regulation ~ SPS). Second, we ran a main effect model adding to SPS positive internalized caregiving behaviors as a predictor variable (i.e., model 2 = emotion regulation ~ SPS + positive internalized caregiving behaviors). Lastly, we performed the interaction model including positive internalized caregiving behaviors as the moderating variable (i.e., model = 3: emotion regulation ~ SPS X positive internalized caregiving behaviors), to investigate whether SPS predicted emotion regulation depending on levels of warm and sensitive attachment representations.

To evaluate whether the inclusion of the interaction term improved the model’s prediction term, we compared the main effects and interaction effect models using the R2 (i.e., the total variance of the outcome variable accounted by the model), the AIC (Akaike, 1974) indices, and the Akaike weights (Burnham and Anderson, 2002). According to AIC criterion, the lower the value, the better the model was at predicting data, while for R2 and Akaike weights, ranging from 0 to 1, the higher the value, the better the model was at describing data accurately (Wagenmakers and Farrell, 2004; Vandekerckhove et al., 2015; McElreath, 2016).



2.3.3 Follow-up exploration

Finally, after selecting the best fitting model, we followed up the interaction effects by adopting a conditional plot. The moderating variable of positive internalized caregiving behaviors was divided in low (below the first 25th quantile) and high levels (above the forth – 75th – quantile). All analyses were run using the statistical software R (R Core Team, 2020). Regression models were run and compared using lm function and AICcmodavg package (Mazerolle, 2017), respectively, and a conditional plot was obtained using ggeffects (Lüdecke, 2018) and ggplot2 (Wickham, 2016) packages.





3 Results


3.1 Descriptive statistics and linear correlations among variables

As percentage of missing values in the total sample was very low (1.8%), we adopted listwise deletion for handling missing data. Descriptive statistics and linear correlations among all variables are reported in Table 1. Overall, SPS in our sample approached a normal distribution, with the mean value comparable to that found in validation works (mean = 4.8, SD = 0.95) (Slagt et al., 2018; Sperati et al., 2022). Linear correlations showed that children’s SPS was not associated with emotion regulation competencies, with a negative association close to zero (r = −0.07), or with positive internalized caregiving behaviors (r = −0.08). Trivial associations were also found for SPS and age and gender (r = 0.03; r = 0.05, respectively). Positive internalized attachment representations were moderately and positively associated with emotion regulation competencies (r = 0.28).



TABLE 1 Descriptive statistics and bivariate associations among all study variables (N = 111).
[image: Table showing correlations and means with standard deviations (SD) for five variables: Sensory Processing Sensitivity (SPS), Positive Internal Working Model (IWM), Emotion Regulation, Age, and Gender. SPS mean is 4.8 (SD 0.95), Positive IWM 4.2 (SD 1.27), Emotion Regulation 3.3 (SD 0.33), and Age 6.6 (SD 0.61). Correlation values range from trivial to strong associations based on sample size (N = 111), with significant correlations above 0.18.]



3.2 Sensory Processing Sensitivity, warm attachment representations, and their interaction in predicting emotion regulation

Models including only main effects suggested that SPS was not associated with emotion regulation competencies (β = 0.002, p = 0.98), while positive internalized caregiving behaviors, in terms of responsiveness to the child’s distress signals and mother’s empathic warm expressions in the relationship, were positively and significantly related to emotion regulation (β = 0.27, p = <0.01). When the interaction term was added, a significant effect was found and the model with the interaction effect outperformed the main effect models in predicting better data as suggested by the increase of adjusted R2 and the Akaike weight, and by the decrease of the AIC criterion (the BIC criteria was comparable between main and interaction effect) (see Table 2 for results of model comparison). Specifically, SPS was significantly associated with positive internalized caregiving behaviors in predicting emotion regulation (β = 1.3, p = 0.04). Importantly, regression assumptions were supported as suggested by residuals, approximately normally distributed.



TABLE 2 Comparison of regression models considering SPS and positive internalized parenting behaviors in predicting emotion regulation.
[image: Table comparing three models: Model 3 (SPS × Positive IWM) has an Adjusted R² of 0.09, AIC of 57, BIC of 69, delta of 0, and Akaike weight of 0.72; Model 2 (SPS + Positive IWM) has an Adjusted R² of 0.06, AIC of 59, BIC of 69, delta of 1.91, and Akaike weight of 0.28; Model 1 (SPS) has an Adjusted R² of -0.01, AIC of 76, BIC of 84, delta of 19.08, and Akaike weight of 0. Definitions: SPS, Sensory Processing Sensitivity; Positive IWM, Positive Inner Working Models - internalized caregiving behaviors.]

To interpret the significant interaction effect, we plotted simple slopes for low (below the first – 25th – quantile) and high (above the forth – 75th – quantile) levels of positive caregiving behaviors as perceived by the child (see Figure 1). The plot suggested that higher SPS was negatively related to children’s emotion regulation competencies when the attachment representation was low in warmth and responsiveness. On the contrary, in a context of positive internalized representations of caregiving behaviors, higher SPS was positively related to the emotion regulation competencies of the child. In other words, children high on SPS showed significantly poorer emotion regulation competencies than less sensitive ones when driven by an internalized attachment representation characterized by low levels of maternal warmth and responsiveness. At the same time, when the internalized caregiving behaviors were high in maternal responsiveness, warmth and empathy; highly sensitive children showed better emotion regulation competencies, compared to less-sensitive children. This suggests that highly sensitive children appear to benefit more from positive internalized relationships with the mother, in comparison with their less-sensitive peers. When levels of SPS were lower, emotion regulation was overall average, irrespective of positive internalized attachment representations.

[image: Line graph showing the relationship between sensory processing sensitivity and emotion regulation. Two lines represent twenty-fifth percentile (red) and seventy-fifth percentile (blue) of positive internal working model (IWM), with shaded confidence intervals. Emotion regulation decreases for the twenty-fifth percentile and increases for the seventy-fifth percentile as sensitivity increases.]

FIGURE 1
 SPS and positive internalized caregiving behaviors, as captured by the MCAST Responsiveness-Sensitivity and Warmth dimensions, in predicting emotion regulation. The moderating variable of positive internalized caregiving behaviors was divided in low (below the first 25th quantile) and high levels (above the forth – 75th – quantile).





4 Discussion

Some children are characterized by higher levels of Sensory Processing Sensitivity (SPS; Aron and Aron, 1997), and perceive and respond to stimuli, emotional ones included, more intensely. The perception and the experience of strong emotions can pose challenges in regulating emotions, making highly sensitive children more susceptible to feeling emotionally overwhelmed and having behavioral problems, especially when exposed to a suboptimal parenting. For instance, they have been found to show more externalizing behaviors during the preschool period and middle childhood, and internalizing behavior issues during preadolescence — especially when exposed to negative rearing environments such as permissive or inconsistent parenting (Slagt et al., 2018; Lionetti et al., 2019, 2021; Sperati et al., 2022). At the same time, consistent with the differential susceptibility theory, high SPS has been shown to predict increased responsiveness to positive exposures, such as inductive and positive parenting (Slagt et al., 2018). Yet, these studies assessed parenting via self-report measures and most did not explicitly consider the emotion regulation domain that has a fundamental role for psychological wellbeing.

The current study aimed to explore the relationship between SPS and emotion regulation competencies of school-aged children and to investigate the moderating role of observer-rated positive representations of caregiving behaviors, as a marker of the quality of the rearing environment. To this aim, we involved a sample of school-aged children with their mothers recruited in typical neighborhood schools. Children’s positive attachment representations were rated observationally through the MCAST (Green et al., 2000; Barone et al., 2009) during an individual session during school hours, while the mother completed paper questionnaires reporting on their child’s SPS and emotion regulation competencies at home. At a bivariate level, interestingly, SPS was not associated with positive internalized attachment representations. Further investigation is needed in this regard, also considering that among adults SPS has been found to be associated with self-reported insecure attachment styles in romantic relationships (Meredith et al., 2016; Goldberg and Scharf, 2020; Le et al., 2020). As expected, SPS was not directly associated with the children’s emotion regulation competencies. At first glance, this finding seems to contradict previous studies with adults showing that heightened SPS is associated with dysfunctional emotion regulation strategies (e.g., high suppression, low reappraisal). We can speculate that SPS may become a vulnerability factor with age, because of a cumulative risk effect, potentially if the environment has not been positive enough. However, other studies have showed that positive memories of the rearing environment in adults can buffer against this SPS – negative affect association (Lionetti et al., 2024). In other words, for gaining a deeper understanding of how individual differences in SPS influence development, a differential susceptibility perspective should be considered, exploring the interaction between the SPS trait and the environment, in predicting developmental outcomes (Belsky et al., 2007).

Hence, we further explored the relationship between SPS and emotion regulation domain by running an interaction effect model, including the positive internalized caregiving behaviors as the moderating variable. Findings supported a moderating role of the positive internalized attachment representation on the association between SPS and competencies in emotion regulation. The follow-up exploration showed that high SPS was significantly associated with lower emotion regulation competencies when attachment representations were low in warmth, empathic behaviors, and maternal responsiveness to the child’s distress, suggesting that highly sensitive children are more vulnerable than less sensitive ones, to the negative effects of negative attachment representations.

This finding aligns with evidence based on self-reported parenting and suggests that highly sensitive children may find it more difficult to regulate their emotional arousal when they did not experience a warm enough parent–child relationship, as captured by internalized attachment representations. In line with attachment theory, insecure or less-than-optimal internalized attachment representations impact emotion regulation strategies (Waters et al., 2010; Cooke et al., 2019; Tammilehto et al., 2022). This is particularly evident for highly sensitive children who may suffer more when they experience insensitive sensitive, unresponsive and cold representations of maternal caregiving, with low empathy and higher levels of negative effect (i.e., criticism). We can hypothesize that the absence of a clear maternal sensitivity and mirroring of the child’s emotional signals can make it more challenging for children to understand and manage their emotions. This seems to be especially true for highly sensitive children, who tend to feel everything more deeply. This is likely because highly sensitive children, due to their more intense emotional experiences, may require more sensitive and warmer parenting that responds, reflects and contains their strong emotional arousal, and when they do not obtain it, they are less able to regulate their emotional states, compared to less sensitive peers. At the same time, in line with a “for better” effect (Belsky et al., 2007), children scoring high in SPS with positive internalized attachment representations showed better emotion regulation competencies, than their less-sensitive counterparts. This suggests that the experience of maternal behaviors characterized by warmth and lovingness, appropriate and well-timed responsiveness to the child’s emotional signals supports the child in contacting, understanding, and managing his own feelings. Likely due to a greater responsiveness and benefiting from the empathic internalized parenting behaviors, highly sensitive children have been found to be better at managing their emotions and arousal, than less-sensitive peers.

Moreover, our findings are also consistent with results of a study that longitudinally examined the moderating role of another established temperamental trait—effortful control— in association with attachment and brooding rumination strategy in children aged 10 to 14 years (Lindblom and Bosmans, 2022). The study showed that children with high levels of effortful control trait benefited more from low avoidant attachment with the mother (i.e., seeking comfort from their mother), showing lower levels of rumination strategy (Lindblom and Bosmans, 2022). To conclude, results from our study support a differential susceptibility effect, pointing to the “for better and for worse” notion, according to which highly sensitive children are not only negatively affected by suboptimal internalized parenting, but they also benefit disproportionately more from warm, responsive and supportive rearing experiences (Belsky et al., 2007; Belsky and Pluess, 2009).

From a theoretical perspective, these findings contribute to the empirical groundwork aiming at exploring the link between sensitivity and emotion regulation (Lionetti and Pluess, 2023), deepening our understanding of underlying processes that could play a moderating role in SPS and emotion regulation. From a more practical perspective, these findings may inform and provide support for promotional/educational programs for parents about the crucial role of sensitive and warm parenting, particularly for highly sensitive children. Moreover, parenting programs focusing on attachment theory can consider further integrating the role of child’s temperamental and SPS differences into their framework, as highly sensitive children appear to be at greater risk of emotion regulation difficulties, and thus secure dyadic relationships seem to be even more critical for their development, than for children with lower SPS. Additionally, intervention programs targeting children, for example with cognitive behavioral approaches, could benefit from these insights. Practitioners, for example, might consider individual differences in responding to environmental experiences and implement interventions to support highly sensitive children in developing competencies for managing their heightened emotional arousal.



5 Strengths and limitations

The literature on SPS suggests that more empirical evidence exploring the underlying processes characterizing the relationship between SPS and emotion regulation is needed. Furthermore, available studies on SPS and self-reported attachment styles are limited to adult samples (Meredith et al., 2016; Goldberg and Scharf, 2020; Le et al., 2020). The current study contributed to fill this gap, providing the first empirical evidence on the moderating role of the observer-rated internalized representation of caregiving behaviors in the association between SPS and emotion regulation among school-age children. The use of a widely used observational method for assessing internalized representations, such as the MCAST, allowed a reliable exploration of the role of internalized positive parenting in influencing emotion regulation competences, especially for highly sensitive children, suggesting relevant insights for both theory and practical field. However, findings should also be considered in light of some limitations. Most importantly, our data on children with high SPS and emotion regulation were based on parent-report questionnaires, and findings could be biased by the mother’s perceptions of her child’s behaviors, lacking objectivity. Future studies should consider multi-method designs, including both observational ratings, to assess children socio-emotional developmental outcomes, and independent informants such as teacher reporting on child behaviors (Pluess and Belsky, 2010). In addition, further assessment with other measures of children’s emotion regulation competencies would be helpful given the sufficient (but not very high) internal reliability of the emotion regulation scale we used in the current work. Moreover, although we were able to rely on a large sample given the observational assessment of the internalized attachment representations, further exploration of this effect would be helpful, considering that our results had overall modest effect sizes.



6 Conclusion

The current study provided the first empirical evidence on the moderating role of the observer-rated internalized attachment representations of caregiving behaviors, in the association between SPS and emotion regulation competency in a sample of school-aged children. Findings suggest that SPS was not directly associated with children’s emotion regulation competencies. However, when exploring the moderating role of positive (warm, responsive, and sensitive) caregiving behaviors, internalized by the child, high SPS significantly predicted better emotion regulation when the parental caregiving behaviors were higher in warmth and emotional responsiveness. At the same time, high SPS predicted poorer emotion regulation competency when the attachment representations of caregiving were low in sensitivity (warmth and responsiveness) to the child’s distress. Consistent with previous evidence, parenting characterized by low responsiveness to the child’s needs and caregiving behaviors low in warmth (e.g., mother’s responses to child’s signals of distress are absent or poorly timed, cold or delayed, or lacking empathy and lovingness), and its related internalized representation, might represent a risk factor for difficulties in emotion regulation, especially for children with high sensitivity, which experience stronger emotional reactivity and thus are in greater need of adequate emotion mirroring and containment. At the same time, it seems that having a mother with a parenting style high in warmth and responsiveness is more impactful for highly sensitive children in developing better emotion regulation competencies. This study represents a first contribution to the knowledge on underlying mechanisms characterizing the hypothesized association between SPS and emotion regulation (Lionetti and Pluess, 2023), and provides practical insight for the field and parents, to support highly sensitive children in coping with their more intense arousal.
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Introduction: Environmental sensitivity is defined as the ability to perceive and process internal and external information. Previous studies have suggested that mental health-related factors differ by sensitivity level. This study aimed to investigate whether environmental sensitivity moderates the associations between cognitive emotion regulation strategies (e.g., rumination and blaming others) and mental health.
Materials and methods: In this three-wave longitudinal study, participants (N = 1,233, 585, and 349 at Times 1, 2, and 3, respectively) completed the Cognitive Emotion Regulation Questionnaire-short and Kessler 10 scale at all the measurement points as well as the 10-item version of the Highly Sensitive Person scale and some covariates only at Time 1.
Results: Latent growth model analyses indicated that the blaming others strategy had contrastive effects on changes in mental health by sensitivity level; the increase in refocusing on planning was associated with improved mental health over time only for highly sensitive individuals; and the rumination and catastrophizing strategies were the most important risk factors for mental health problems, although their effects differed slightly by sensitivity level.
Conclusion: The associations between some of the cognitive strategies and mental health differ by environmental sensitivity level. Future investigations based on individual differences in sensitivity could provide innovative insights into practices.
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1 Introduction

In daily life, people often experience negative emotions such as anxiety and anger. These emotions must be dealt with appropriately to enhance well-being and/or promote adaptive behaviors (Gross, 1998). The framework of cognitive emotion regulation comprehensively describes the cognitive strategies that individuals use in response to threatening or stressful life events (Garnefski et al., 2001). Garnefski et al. (2001) assumed that emotion regulation through cognition is inextricably associated with human life and reviewed the literature regarding the cognitive aspects of coping. Consequently, nine conceptually different strategies were extracted: (1) positive reappraisal— thinking about attaching a positive meaning to the event in terms of personal growth; (2) putting into perspective—comparing an event other events and downgrading the event’s importance; (3) rumination—thinking about the feelings and thoughts associated with negative events; (4) acceptance—resigning oneself to what has happened; (5) self-blame—blaming oneself after experiencing a stressful event; (6) positive refocusing—thinking about positive experiences instead of thinking about the actual event; (7) blaming others—blaming the environment or another person for a negative event one has experienced; (8) catastrophizing—overemphasizing the terror of what one has experienced; and (9) refocusing on planning—thinking about what steps to take and how to handle negative events (Garnefski et al., 2001; Garnefski and Kraaij, 2006a). These strategies could be useful targets for intervention (Garnefski et al., 2005). For example, Nelis et al. (2011) suggested that a cognitive behavioral approach could enhance the appropriate use of these strategies.

To measure the nine strategies, the Cognitive Emotion Regulation Questionnaire (CERQ) and its short version (CERQ-short) were developed (Garnefski et al., 2001; Garnefski and Kraaij, 2006a). The original assumption was that five strategies—positive reappraisal, putting into perspective, acceptance, positive refocusing, and refocusing on planning—were adaptive, whereas rumination, self-blame, blaming others, and catastrophizing were maladaptive. However, some empirical studies on the relationship between cognitive strategies and mental health indices (e.g., depression and anxiety) have failed to provide evidence consistent with their theoretical background (Garnefski et al., 2001; Garnefski and Kraaij, 2006b; Potthoff et al., 2016). A possible explanation for these inconsistencies between theory and evidence is that personal and contextual factors moderate the relationship between strategies and mental health (Aldao et al., 2010). Although studies have considered specific populations like foot-and-mouth crises (Garnefski et al., 2005), situations like the COVID-19 lockdown (Rodas et al., 2022), and personal factors such as nationality (Potthoff et al., 2016) and age (Garnefski and Kraaij, 2006b), little attention has been paid to psychological characteristics. However, given that different factors predict depressive tendencies based on personality (Yano et al., 2021b), investigating its moderating role in the associations between cognitive emotion regulation strategies and mental health could provide useful findings for more effective interventions.

Recently, psychologists have suggested that the concept of environmental sensitivity provides key information to mental health researchers and practitioners (Greven et al., 2019; Yano et al., 2021b). Environmental sensitivity is an overarching meta-framework of several psychological theories and concepts, including the differential susceptibility hypothesis (Belsky, 1997), biological sensitivity to context (Boyce and Ellis, 2005), and sensory processing sensitivity (SPS; Aron and Aron, 1997), and is defined as the ability to perceive and process internal and external information (Pluess, 2015; Greven et al., 2019).1 The level of sensitivity can be assessed using genetic (e.g., Keers et al., 2016), biological/physiological (e.g., Pluess et al., 2022), and psychological factors (e.g., Slagt et al., 2018). A growing number of studies have focused on SPS, a psychological marker of environmental sensitivity (Greven et al., 2019). SPS is a normally distributed and highly heritable trait (Pluess et al., 2018; Assary et al., 2021), whose core characteristics are the deeper processing of environmental information, showing stronger emotional and physiological reactivity to positive and negative stimuli, having greater awareness of subtle cues, and getting overstimulated more easily (Aron et al., 2012; Homberg et al., 2016). These features could at least partly be captured by two self-reported scales: the Highly Sensitive Person (HSP) scale (Aron and Aron, 1997) and Highly Sensitive Child scale (Pluess et al., 2018). Numerous studies have used these scales and revealed the differences between SPS and other personality constructs (e.g., Lionetti et al., 2019; Iimura et al., 2023).2

In view of susceptibility to environmental influences (Pluess, 2015), people scoring high on SPS benefit more from psychological education programs focusing on emotion regulation (Pluess and Boniwell, 2015; Kibe et al., 2020). These findings suggest that the factors strongly associated with mental health differ by SPS level. A previous systematic review found that dysfunctional thoughts such as rumination and catastrophizing are more important predictors of depression and/or anxiety, particularly for higher-sensitivity individuals (Bratholm Wyller et al., 2017). Lionetti et al.’s (2022) empirical investigation supported this assumption, while emphasizing the moderating role of the parenting environment. Additionally, the results of an open-ended survey conducted to explore the characteristics and effectiveness of coping strategies among university students with high and low sensitivity (Yano et al., 2021a) indicated that although strategies related to emotion regulation were extracted in all the sensitivity groups, their associations with mental health partly differed between the groups. Specifically, while positive thinking (similar to positive reappraisal) may be more effective for individuals with higher sensitivity, it may be important for lower-sensitivity individuals to receive emotional and instrumental support from friends who understand their feelings and offer useful advice. Thus, environmental sensitivity could moderate the association between cognitive emotion regulation strategies and mental health, although its moderating effect has been insufficiently examined. Additionally, there are limitations to adapting the existing evidence to practice because of the data being cross-sectional or qualitative (Yano and Oishi, 2018; Greven et al., 2019).

Given that over 300 million people globally live with mental disorders (GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, 2018), findings regarding the association between cognitive emotion regulation strategies and mental health can provide key information for practice. Although such associations may differ by the level of environmental sensitivity (Aldao et al., 2010; Yano et al., 2021a), few studies have examined their moderating effect. Therefore, further longitudinal studies are required to enhance their adaptability to practice (Yano and Oishi, 2018).

A popular statistical method for longitudinal data is latent growth model analysis (Duncan et al., 2013), as it can describe individuals’ behavior or status, in terms of their initial levels and change rates over time. Additionally, the associations of the (changes in) predictors and their interaction terms (Klein and Moosbrugger, 2000) with the (changes in) outcomes can be evaluated using latent moderated structural equation modeling (LMS).

To overcome the limitations of past studies, this longitudinal study aimed to investigate whether environmental sensitivity moderates the associations between each strategy of cognitive emotion regulation and mental health. Building on the existing findings (Bratholm Wyller et al., 2017; Yano et al., 2021a; Lionetti et al., 2022), the authors hypothesized the moderating effect of environmental sensitivity on the associations between positive reappraisal, rumination, catastrophizing, and refocusing on planning and mental health: the former three strategies play a vital role for those with higher sensitivity and the other is important for low-sensitivity individuals. Unfortunately, clear hypotheses on other strategies could not be proposed because of a lack of evidence.



2 Materials and methods


2.1 Participants and procedures

This three-wave longitudinal study recruited Japanese university students from all prefectures through Cross Marketing, Inc.3 At Time 1 (November 2020), 1,233 students consented to participate in the study after they received an explanation of the study’s purpose and procedures. Data were subsequently collected from 585 and 349 university students at Time 2 (February 2021) and Time 3 (May 2021), respectively. The intervals between each survey were set so that the overall period was 6 months (Porru et al., 2022; Eisma et al., 2023).

The Directed Questions Scale (Maniaci and Rogge, 2014) was included in each scale to assess the respondents’ attitudes toward the survey. Based on Maniaci and Rogge (2014) recommendation, in each survey, the responses were treated as missing values when a participant did not follow the Directed Questions Scale more than M + 2.7 SD times (i.e., thrice at Time 1, twice at Time 2, and once at Time 3). The number of participants who provided data and were included in the analyses is shown in Table 1. The comparison of the characteristics between the participants who completed all the surveys and those who did not indicated that while more women completed the surveys, men were likely to drop out (ꭓ2(2) = 16.69, p < 0.001, Cramer’s V = 0.12). Moreover, the complete group was older than the incomplete group (t(642.18) = 3.30, p = 0.001, Cohen’s d = 0.21). Among the psychological characteristics, there were insignificant or negligible (though significant) differences (for the details, see Supplementary Table S1).



TABLE 1 Characteristics of the participants in this study.
[image: Table showing participant numbers across three measurement time points. Time 1: 566 men (540 analyzed), 650 women (629 analyzed), 17 other/unidentified. Time 2: 230 men (221 analyzed), 343 women (335 analyzed), 12 other/unidentified. Time 3: 129 men (116 analyzed), 215 women (203 analyzed), 6 other/unidentified. Mean age at Time 1 is 20.2 years with a standard deviation of 1.4. Ages for Time 2 and 3 are not available. Values in brackets indicate participants used in analyses.]

The study’s procedures were approved by the Ethics Committee of Rikkyo University (Nos. KOMI19001A and KOMI20010A).



2.2 Measurements


2.2.1 Environmental sensitivity

This study considered the concept of SPS as a marker of environmental sensitivity (Slagt et al., 2018; Greven et al., 2019) and assessed it using the 10-item Japanese version of the HSP scale (HSP-J10) (Iimura et al., 2023)—a shorter version of the original HSP scale (Aron and Aron, 1997). The HSP-J10 has a bi-factor structure with a general sensitivity factor, in addition to Ease of Excitation (five items), Low Sensory Threshold (three items), and Aesthetic Sensitivity (two items). Each item was rated on a seven-point Likert-type scale (1 = “Strongly disagree” to 7 = “Strongly agree”), with higher scores indicating higher SPS. As mentioned in the Introduction, SPS is a heritable trait (Assary et al., 2021) and the scores of the HSP scale have high temporal stability (Konrad and Herzberg, 2019; Iimura et al., 2023). Therefore, the authors assessed the HSP-J10 only at Time 1.



2.2.2 Mental health

The Japanese version of the Kessler 10 scale (Kessler et al., 2002; Furukawa et al., 2008) was used to assess mental health at all the measurement points. This scale consists of 10 items, which ask respondents how often they experienced depressive or anxiety symptoms during the last month. Each item was rated on a five-point Likert-type scale (0 = “None of the time” to 4 = “all of the time”), with higher scores indicating poorer mental health.



2.2.3 Cognitive emotion regulation

The Japanese version of the CERQ-short (Garnefski and Kraaij, 2006a; Sakakibara, 2017) was used at all the measurement points to assess how often the participants employed the nine conceptually distinct strategies to regulate their emotions in a general and particular situation, with two items in each strategy. Each item was rated on a five-point Likert-type scale (1 = “[Almost] never” to 5 = “[Almost] always”), with higher scores indicating more frequent use of a specific strategy. This being the first study to investigate the moderating role of sensitivity in the association between cognitive strategies and mental health, the authors decided to focus on a general situation.



2.2.4 Neuroticism

Given that some items of the HSP-J10 involved negative words such as “uncomfortable” and “overwhelmed,” despite the neutrality of environmental sensitivity, it could be negatively biased to correlate with other psychological concepts (Greven et al., 2019). Therefore, in line with previous studies (Yano et al., 2021b), the current study included neuroticism as a control variable. The participants also responded to two items from the Japanese version of the 10-Item Personality Inventory (Gosling et al., 2003; Oshio et al., 2012) only at Time 1. Each item was rated on a seven-point Likert-type scale (1 = “Strongly disagree” to 7 = “Strongly agree”), with higher scores indicating higher neuroticism. As the two-item correlation was weak but significant (r = 0.11, p < 0.001), the authors considered its reliability to be acceptable.




2.3 Statistical analyses

After investigating the correlations of the cognitive strategies with SPS and mental health, the authors performed three statistical analyses. First, second-order univariate latent growth model analyses (Hancock et al., 2001) were conducted to estimate the mean levels (i.e., intercept) and change rates (i.e., slopes) in mental health and each cognitive emotion regulation strategy (Figure 1A).4 To achieve metric equivalence in the latent constructs, unstandardized factor loadings and error variances were constrained equally between the measurement points. Second, the associations between SPS and each strategy with mental health were investigated using a multivariate latent growth model, followed by LMS analyses in which the interaction terms between SPS and the intercept and slope of a cognitive strategy were added into the predictors (Figure 1B). All the models involved three control variables (gender, age, and neuroticism) and were estimated using the robust maximum likelihood estimation method. The Mplus code required for the LMS analysis was taken from Maslowsky et al. (2015). Finally, the models with and without interaction terms were compared through log-likelihood ratio difference tests (Maslowsky et al., 2015), using an appropriate correction for the maximum likelihood estimation method (Satorra and Bentler, 2001). When the former model’s fit to data was better than the latter’s and the interaction terms were significantly associated with the intercept and/or slope of mental health, the authors performed simple slope tests and calculated the region of significance for SPS.5
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FIGURE 1
 Illustration of the models estimated in this study. CER, Cognitive Emotion Regulation; SPS, Sensory Processing Sensitivity. Panel (A) illustrates a univariate latent growth model in which mental health or a cognitive emotion regulation strategy was modeled. Panel (B) represents a latent moderated structural equation model in which control variables (i.e., gender, age, and neuroticism) predicting the intercept and slope of mental health were omitted for brevity. When the multivariate latent growth model analysis was performed, the two interaction terms were not included in the model.


In the univariate and multivariate latent growth model analyses, the goodness of fit of the model was comprehensively evaluated based on the comparative fit index (CFI) and root mean square error of approximation (RMSEA). Values >0.90 for CFI and < 0.10 for RMSEA were acceptable (Kline, 2005). Given that these analyses estimated a large number of parameters, to control for the inflation of Type I error rates, the false discovery rate procedure was employed (Benjamini and Hochberg, 1995). The authors used the free statistical software HAD ver. 17.20 (Shimizu, 2016) for the correlation analysis; Mplus ver. 8.3 (Muthén and Muthén, 2017) for the latent growth model and LMS analyses; and a free application6 introduced by Roisman et al. (2012) for the simple slope tests and to calculate the regions of significance. The significance levels were set at p < 0.05, and given the large sample size, the effect size was also considered to interpret the correlations (i.e., 0.10, 0.20, and 0.30 as relatively small, typical, and relatively large effect sizes, respectively; Gignac and Szodorai, 2016). Missing values were handled using the full information maximum likelihood estimation method.




3 Results


3.1 Preliminary analyses

For the preliminary analyses, the correlation coefficients between SPS, mental health, and the cognitive emotion regulation strategies were calculated (Table 2). The results indicated that SPS was positively correlated with rumination (relatively large), self-blame (typical), and catastrophizing (typical to relatively large) measured at all the time points as well as with acceptance (relatively small to typical) and refocusing on planning (relatively small) at Time 1 and Time 2 (p < 0.05). Significant correlations were found between mental health and positive reappraisal, self-blame, positive refocusing (relatively small to typical), rumination, and catastrophizing (typical to relatively large), at all the corresponding time points; putting into perspective at Time 2 and Time 3 (relatively small); and refocusing on planning (relatively small) only at Time 2 (p < 0.05). Additionally, the rank-order stabilities for all the nine strategies were greater than “relatively large” (r > 0.40; see Supplementary Table S3).



TABLE 2 Descriptive statistics and correlations between the variables.
[image: A table displays the correlation between sensory processing sensitivity (SPS) and mental health across three time points. It includes measures like positive reappraisal, self-blame, and catastrophizing, with correlation coefficients, means, standard deviations, and significance levels indicated by asterisks. Generally, positive and negative correlations vary over time for each measure, with some coefficients marked as statistically significant. The table also shows mean values and alpha coefficients for reliability. Statistical significance is indicated by asterisks, with explanations provided in the notes.]



3.2 Change in mental health and cognitive emotion regulation strategies

To estimate the initial level and change rate in each variable, a series of univariate latent growth model analyses were conducted (Table 3). The covariances were set between some items measured at the same time points based on the modification indices (Slagt et al., 2018). While the fit indices were acceptable for all the models (CFI = 0.90–1.00, RMSEA = 0.00–0.07), for acceptance, only the initial level and its variance were estimated owing to the negative variance of its slope factor. The variances of the slope factors in the other strategies and mental health showed significant values (p < 0.001), indicating that there were significant inter-individual differences in the variables’ change rates. The scores of refocusing on planning decreased over the time points at the mean level (p = 0.009). Furthermore, negative correlations were seen between the intercept and slope in all the variables, except acceptance (p < 0.01).



TABLE 3 Estimated parameters of the univariate latent growth models.
[image: Table displaying statistical data with categories: Mental Health, Positive Reappraisal, Putting into Perspective, Rumination, Acceptance, Self-Blame, Positive Refocusing, Blaming Others, Catastrophizing, and Refocusing on Planning. Columns include Intercept (Mean, Variance), Slope (Mean, Variance), and correlation coefficient \( r \). Note: Slope factor for Acceptance is not included due to negative variance. Significance levels are denoted by asterisks, where ** indicates \( p < 0.01 \) and *** indicates \( p < 0.001 \).]



3.3 Associations between mental health and cognitive emotion regulation strategies

First, nine models were estimated using a multivariate latent growth model, with the intercept and slope of the cognitive strategy, SPS, and control variables (i.e., gender, age, and neuroticism) as predictors and the intercept and slope of mental health as outcomes. The results showed good fit indices for all the models (CFI = 0.91–0.93, RMSEA = 0.04). Next, we estimated nine LMS models in which the interaction terms between SPS and the intercept or slope of the cognitive strategies were added (Figure 1B). A series of log-likelihood ratio difference tests suggested that the models with interactions fitted the data better when putting into perspective, rumination, blaming others, catastrophizing, or refocusing on planning were predictors, whereas those without interactions were supported when positive reappraisal, acceptance, self-blame, or positive refocusing were predictors (Table 4).



TABLE 4 Comparing the models with and without interactions.
[image: A table compares statistical data across various cognitive coping strategies like Positive Reappraisal, Acceptance, and Rumination, with and without interaction. It shows log-likelihood values, the number of parameters, and delta log-likelihood with corresponding p-values. Models in bold were used for further analyses.]

The estimated parameters for the final model are presented in Table 5. To save space, the results for the control variables are in the Supplementary materials (see Supplementary Tables S4–S12). In the four models without interactions, the intercepts of positive reappraisal, acceptance, and positive refocusing were negatively associated with the intercept of mental health (p < 0.01), whereas self-blame was not significantly associated. In the five models with interactions, the intercepts of putting into perspective and refocusing on planning were negatively associated with mental health (p < 0.001). Additionally, positive associations were indicated between the intercepts of rumination and catastrophizing and mental health and between the slopes of those strategies and mental health (p < 0.01). Furthermore, (changes in) mental health was significantly associated with the five interaction terms between SPS and the intercepts of rumination and blaming others, and the slopes of blaming others, catastrophizing, and refocusing on planning (p < 0.05). Finally, SPS was positively associated with the intercept of mental health (p < 0.001).



TABLE 5 Associations of the cognitive emotion regulation strategies and SPS with mental health.
[image: A table showing statistical relationships between various cognitive emotion regulation strategies and mental health. It includes columns for positive reappraisal, putting into perspective, rumination, acceptance, self-blame, positive refocusing, blaming others, catastrophizing, and refocusing on planning. Each column displays values for intercept (b), standard error (SE), and beta (β) coefficients, with significant levels indicated by asterisks. Notable terms include sensory processing sensitivity (SPS) and cognitive emotion regulation (CER). Some paths are marked as not available (NA), and underlined values in italics are noted as potentially false positives.]

For the significant interaction terms, simple slope tests were conducted and the regions of significance of the moderator (i.e., SPS) were calculated. First, the participants with SPS scores higher than M – 0.46 SD had poorer mental health when they used rumination more frequently (Figure 2). Second, those who frequently used blaming others improved their mental health over time when their SPS scores were higher than M + 0.61 SD, whereas their mental health worsened when their SPS scores were lower than M – 0.49 SD (Figure 3). Third, likewise, the participants who increased their frequency of blaming others over time improved their mental health when their SPS scores were higher than M + 1.79 SD, whereas their mental health worsened with SPS scores lower than M – 0.58 SD (Figure 4). Fourth, the mental health of the participants whose frequent use of catastrophizing increased worsened further only when their SPS scores were lower than M + 0.20 SD (Figure 5). Finally, when the participants’ frequent use of refocusing on planning kept increasing, their mental health further improved only when their SPS scores were higher than M + 0.83 SD (Figure 6).

[image: Graph showing the relationship between rumination and mental health at Time 1. The solid line represents SPS plus one standard deviation, with a significant positive effect (β = 0.26, p < .001). The dashed line represents SPS minus one standard deviation, showing no significant effect (β = 0.05, p = .37). Shading indicates confidence intervals.]

FIGURE 2
 Simple slopes of rumination on mental health at Time 1. SPS, Sensory Processing Sensitivity. The shaded area indicates the SPS values at which the predictor is significantly associated with the level of mental health (i.e., lower than M – 4.38 SD and greater than M – 0.46 SD).


[image: Line graph showing the interaction between the level of blaming others at Time 1 and change in mental health from Time 1 to Time 3. The graph includes two lines: SPS +1SD (solid) with β = -0.19, p = 0.002, and SPS -1SD (dashed) with β = -0.22, p = 0.001. The x-axis ranges from M-2SD (1.43) to M+2SD (4.14), and the y-axis ranges from M-1SD (-0.47) to M+1SD (0.51), intersecting at the mean. Shaded areas indicate confidence intervals.]

FIGURE 3
 Simple slopes of blaming others at Time 1 on changes in mental health. SPS, Sensory Processing Sensitivity. The shaded area indicates the SPS values at which the predictor is significantly associated with the slopes of mental health (i.e., lower than M – 0.49 SD and greater than M + 0.61 SD).


[image: Graph illustrating the relationship between changes in mental health and changes in blaming others over time. The solid line (SPS +1SD) shows a significant positive slope (β = .58, p = .009), while the dashed line (SPS -1SD) shows a non-significant negative slope (β = -.14, p = .51). Shaded areas represent one standard deviation above and below the mean.]

FIGURE 4
 Simple slopes of change in blaming others on changes in mental health. Notes. SPS, Sensory Processing Sensitivity. The shaded area indicates the SPS values at which, the predictor is significantly associated with the slopes of mental health (i.e., lower than M – 0.58 SD and greater than M + 1.79 SD).


[image: Graph depicting the relationship between changes in catastrophizing and changes in mental health over time. The x-axis shows the change in catastrophizing from mean minus two standard deviations to mean plus two standard deviations. The y-axis indicates the change in mental health from minus one to plus one standard deviation. Two lines represent standard scores: solid for SPS plus one standard deviation and dashed for SPS minus one. The dashed line has a slope of 0.47, p-value less than 0.001. The solid line has a slope of 0.05, p-value of 0.69. Shaded region shows the confidence interval.]

FIGURE 5
 Simple slopes of change in catastrophizing on changes in mental health. SPS, Sensory Processing Sensitivity. The shaded area indicates the SPS values, at which, the predictor is significantly associated with the slopes of mental health (i.e., lower than M + 0.20 SD and greater than M + 2.51 SD).


[image: Line graph depicting the interaction between change in refocusing on planning and change in mental health from Time 1 to Time 3. Solid line represents SPS +1SD, showing a negative association (β = -0.26, p = 0.03), while the dashed line represents SPS -1SD, indicating a positive but non-significant association (β = 0.06, p = 0.65). The x-axis ranges from M-2SD (-0.72) to M+2SD (0.61), and the y-axis from M-1SD (-0.47) to M+1SD (0.51), with mean at zero. Shaded area indicates confidence intervals.]

FIGURE 6
 Simple slopes of change in refocusing on planning on changes in mental health. SPS, Sensory Processing Sensitivity. The shaded area indicates the SPS values, at which, the predictor is significantly associated with the slopes of mental health (i.e., lower than M – 2.47 SD and greater than M + 0.83 SD).





4 Discussion


4.1 Associations of the cognitive emotion regulation strategies with mental health

This study conducted a three-wave longitudinal survey and investigated the associations between (the changes in) the nine cognitive emotion regulation strategies and (the changes in) mental health based on individual differences in environmental sensitivity. The results indicated that the interactions between sensitivity and (the changes in) four of the strategies significantly predicted mental health at the initial level or its rate of change over time (Table 5).

First, more frequent use of rumination was associated with poorer mental health at Time 1 only for those whose sensitivity scores were higher than M – 0.46 SD (Figure 2). This result was consistent with our hypothesis and could elaborate the existing finding that highly sensitive individuals tend to engage in ruminative thinking in less supportive environments (Lionetti et al., 2022). Compared with individuals with low sensitivity, the effect of rumination on mental health may be stronger for highly sensitive individuals owing to their characteristics related to in-depth processing of internal information such as feelings and thoughts (Aron et al., 2012; Greven et al., 2019). Further, given the positive association between the slopes of these variables, regardless of their sensitivity level, an increase in rumination could be a risk factor even when individuals have low sensitivity.

While the significantly positive association between catastrophizing and mental health at Time 1 was consistent with previous findings (Garnefski and Kraaij, 2006a; Potthoff et al., 2016; Urano et al., 2022), their association in terms of the longitudinal data was inconsistent with the hypothesis. Rather than in high-sensitivity individuals, the change in catastrophizing may be an important risk factor for worsened mental health in lower-sensitivity individuals (i.e., scores lower than M + 0.20 SD) (Figure 5). The positive and relatively large correlation between sensitivity and catastrophizing at Time 1 (see Table 2) is a possible explanation for the insignificant association between the slopes of this strategy and mental health in highly sensitive individuals; that is, they might have little room for the strategy to increase over time.

In terms of the cross-sectional data, those participants who frequently used refocusing on planning were likely to have better mental health, which is consistent with previous findings (Potthoff et al., 2016; Urano et al., 2022). Contrary to the hypothesis, only when sensitivity was higher than M + 0.83 SD did those with an increase in using refocusing on planning tend to improve their mental health over time (Figure 6). This finding could provide novel insights into future research and practice because previous studies have suggested that problem-focused coping has negative consequences for highly sensitive individuals in some cases (Yano et al., 2021a) and that they could benefit more from an intervention program focusing on emotional coping skills (Pluess and Boniwell, 2015; Kibe et al., 2020). However, a significant association was not found between the slopes of refocusing on planning and mental health in low-sensitivity individuals, indicating that just increasing the frequency of thinking about how to resolve problems does not improve mental health. Given that decision-making skills such as summarizing information and planning play a vital role in alleviating depressive symptoms in individuals with low sensitivity (Yano et al., 2021b), future studies should consider the process through which this strategy could be linked to their behaviors.

The other hypothesis was also not supported. The strategy of positive reappraisal, as well as putting into perspective, acceptance, and positive refocusing, was associated with better mental health at Time 1, regardless of the sensitivity level, which was consistent with their theoretical backgrounds (Garnefski et al., 2001). However, in some cases, acceptance was correlated with more serious symptoms of depression and anxiety owing to this strategy’s scope being measured by the CERQ (−short), namely, a passive form of acceptance similar to resignation to negative experiences (Garnefski and Kraaij, 2006b; Urano et al., 2022). This study failed to replicate the association of self-blame with mental health, despite plenty of evidence for its contribution to psychological symptoms (Garnefski and Kraaij, 2006a, 2006b). This inconsistency could be explained by that the use of this strategy in the present study’s sample at Time 1 was more frequent than that in Garnefski and Kraaij (2006a) study where the sample responded to the CERQ-short (Cohen’s d = 1.39). However, the reason for our results remains questionable.

Finally, the more frequent use of blaming others at Time 1, or its increase over time, may worsen mental health when individuals have a sensitivity score lower than M – 0.49 SD or M – 0.58 SD (Figures 3, 4). These results advance the findings of the positive correlations between this strategy and depression or anxiety reported in cross-sectional research (Garnefski et al., 2001; Garnefski and Kraaij, 2006b; Potthoff et al., 2016; Urano et al., 2022). By contrast, when individuals are highly sensitive (scores higher than M + 0.61 SD or M + 1.79 SD), the initial level or the increase in this strategy could contribute to improving mental health over time. These findings are inconsistent with the existing evidence, and they suggest that this strategy is not always associated with poorer mental health, although it has been considered maladaptive a priori (Garnefski et al., 2001). The moderating effect of sensitivity on these associations could be explained by individual differences in behavior after attributing negative events to another person. For example, in-depth processing of a variety of information and pausing to check before taking actions—the core characteristics of highly sensitive individuals (Aron et al., 2012)—could prevent them from blaming others at a behavioral level. Conversely, given that individuals with low sensitivity often make decisions without using enough caution (Yano et al., 2021b), they may blame others at the behavioral level, resulting in loss of social support (Tennen and Affleck, 1990). However, it should be noted, that the aforementioned explanation cannot fully capture the mechanism through which blaming others contributes to an adaptive outcome, as this study did not measure the level of social support that the participants received.



4.2 Strengths, limitations, and future directions

This study’s main findings are as follows: (1) the strategy of blaming others has contrastive effects on changes in mental health by the level of environmental sensitivity; (2) the increase in refocusing on planning is associated with improved mental health over time only for highly sensitive individuals; (3) the strategies of rumination and catastrophizing were the most important risk factors for mental health problems, but had different effects by sensitivity level; and (4) positive reappraisal, putting into perspective, acceptance, and positive refocusing were associated with better mental health only at the beginning of the study. In short, the strengths of our results are that they reveal the individual differences in the effects of the cognitive strategies and provide evidence for the role of sensitivity in mental health research. The current findings may also provide useful information for practice. Combined with Assary et al.’s (2023) suggestion, assessment before practice enables support providers to design and implement intervention programs based on individual differences in sensitivity. For example, while the program for promoting refocusing on planning and preventing rumination could improve mental health in highly sensitive people, emphasizing the reduction in blaming others could be effective for low-sensitivity people.

Despite the aforementioned strengths, some limitations should also be acknowledged. The first is the extent to which our findings can be generalized. As previous studies have suggested that age (Garnefski and Kraaij, 2006b) and cultural factors (Potthoff et al., 2016) moderate the association between these strategies and depression or anxiety, future studies should adopt a sample that excludes Japanese university students. Furthermore, contextual factors also moderate such associations, as mentioned above (e.g., Garnefski et al., 2005; Aldao et al., 2010). While this study focused on the use of each strategy in general, it is unclear which situations our findings could be generalized to, such as final semester exams and job hunting. Second, the measurement of the cognitive emotion regulation strategies should be improved. Given the respondents’ burden, this three-wave longitudinal study used the CERQ-short (Garnefski and Kraaij, 2006a; Sakakibara, 2017) that has acceptable but lower reliability than the original version (Garnefski and Kraaij, 2006a). Considering that a recent study revised the Japanese version of the CERQ and improved its psychometric properties (Urano et al., 2022), replicating this study using the revised scale could be useful for examining the robustness of this study’s findings. Finally, as this study focused on the cognitive aspects of emotion regulation strategies, it could not investigate the mechanisms through which each cognitive strategy was linked to what behavioral strategies and (mal) adaptive outcomes. Therefore, it is necessary to clarify this mechanism, as it is expected to provide key information for designing effective intervention programs. Further investigations should reveal the adaptive process of emotion regulation based on individual differences in sensitivity considering the framework of behavioral emotion regulation, which was recently proposed by Kraaij and Garnefski (2019).
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Footnotes

1   Pluess (2015) found that all the theories and concepts shared the perspective that people differ in sensitivity to both positive and negative influences; therefore, these were integrated into an umbrella framework.

2   It should be noted that an empirical study failed to replicate the existing findings (Hellwig and Roth, 2021).

3   Cross Marketing Inc. is one of the largest academic survey companies in Japan. At the time of the first survey (November 2020), they had about 5.4 million web survey monitors all over Japan. Many researchers have collaborated with the company to collect data (Yano et al., 2021a), suggesting the high quality and reliability of their data. The respondents were given points exchangeable for cash as rewards if they completed a questionnaire online.

4   Some variables (e.g., putting into perspective) did not have sufficient reliability in this study. Thus, the authors decided to employ this method to control measurement errors as far as possible. Additionally, as a preliminary analysis, the authors examined the change pattern in each variable, namely, the nonlinear model vs. the linear model (Slagt et al., 2018). The log-likelihood ratio difference tests indicated that the fit of the nonlinear model, in which the Time 2 loading from the slope factor was freely estimated, did not significantly increase from that in the linear model, in which the loading was constrained to 1, for most of the variables (see Supplementary Table S2). Therefore, the authors decided to analyze the variables assuming their linear changes.

5   The results of the simple slope analyses were interpreted when the region of significance on SPS was from −2 SD to +2 SD in which most of the respondents existed.

6   https://www.yourpersonality.net/interaction/ros.pl.
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Introduction: Alexithymia is characterized by difficulties identifying and describing feelings but expression of externally oriented thinking (EOT) and difficulty fantasizing is more variable. In two studies, we investigated whether links between EOT and fantasizing are mediated by sensory processing sensitivity (SPS).
Methods: University students completed measures of alexithymia, SPS, and fantasizing.
Results: In Study 1 (N = 700) we identified two clusters of SPS traits: a positive facet (sensitivity to subtle stimuli) and a negative facet (sensitivity to uncomfortable stimuli). In the 499 participants who completed the fantasy measure, low EOT scores predicted stronger SPS positive and negative traits, which predicted a stronger tendency to mentally project oneself into the lives of characters in books, movies, and plays. In Study 2 (N = 600), the link between EOT and this same fantasizing tendency was again mediated by features of SPS—in this case fantasy proneness and emotional reactivity.
Discussion: We suggest that, whereas individuals who score high on EOT have an impoverished fantasy life, those who score relatively low on EOT and turn their attention inward are able to maintain stronger representations of imagined events in working memory (enhancing the likelihood that they will be recalled) and react more strongly to these events (enhancing their salience). Stronger expression of these features of SPS, in turn, increases the likelihood that one will develop a cognitive style that involves the application of imagery-based strategies to support deep processing of the thoughts and feelings of characters depicted in narratives.
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1 Introduction

In 1970, Nemiah and Sifneos described a group of patients with psychosomatic illness who reported difficulties identifying their feelings and distinguishing them from bodily sensations (DIF), and difficulties describing their feelings (DDF). These patients also displayed externally oriented thinking (EOT; a strong preference to attend to external objects, people, and environmental events rather than examining their feelings) and little engagement in fantasy or imaginal activities—a cognitive style referred to as la pensée opératoire. Sifneos (1973) introduced the term alexithymia to refer to this constellation of features. Alexithymia is now recognized as a partially heritable trait (Karukivi and Saarijärvi, 2014) and an important transdiagnostic risk factor for a range of physical and mental health conditions (e.g., Grynberg et al., 2012).

There is strong consensus that problems with emotional appraisal (DIF/DDF) represent a core feature of alexithymia (Preece et al., 2017). However, EOT does not always accompany these problems; indeed, Jakobson and Rigby (2021) found that EOT scores can vary widely in those who meet traditional criteria for alexithymia based on their total scores on the Toronto Alexithymia Scale (TAS-20; Bagby et al., 1994). The fantasizing deficits said to be a feature of la pensée opératoire (Sifneos, 1973; Taylor et al., 2023) are also not consistently associated with scores on measures of DIF, DDF, or EOT (e.g., Haviland et al., 1991; Vorst and Bermond, 2001; Preece et al., 2017).

One possible explanation for these results is that many people who score high on alexithymia exhibit features of another personality trait that also impacts emotional awareness and emotion regulation, known as sensory processing sensitivity (SPS). For example, Rigby et al. (2020) found that almost half of the individuals who scored in the upper third of the distribution of TAS-20 total scores in their sample were classified as highly sensitive based on their scores on the Highly Sensitive Person Scale (HSPS; Aron and Aron, 1997). More recently, Van Landeghem and Jakobson (2024) found that 78.4% of individuals in their sample who scored at or above the traditional cut-off for alexithymia on the TAS-20 scored above the sample mean for total scores on the HSPS. The correlation between total scores on the TAS-20 and the HSPS is moderately strong, ranging from 0.26 to 0.39 across several studies (Rigby et al., 2020; Jakobson and Rigby, 2021; McQuarrie et al., 2023; Van Landeghem and Jakobson, 2024).

Aron et al. (2012) note that individuals with SPS are generally hypersensitive to subtle internally- or externally-generated stimuli, and to stimuli or situations they perceive to be unpleasant. Interestingly, however, they are also generally found to have “rich” inner lives, to be empathetic, and to engage in “deep” processing (Acevedo, 2020). In their classic paper, Craik and Lockhart (1972) described deep processing as encoding and processing information in a meaningful and elaborate way that supports long-term memory. Given the above, it seems plausible that individuals who score high on facets of both alexithymia and these varied features of SPS might have a different “alexithymia profile” than the patients with psychosomatic illness who were described in Nemiah and Sifneos’ (1970) classic paper. In particular, they may be less externally oriented and report stronger fantasizing. It is important to study the relationship between alexithymia and SPS in more detail as variability in the extent to which different features of these traits are expressed may have important clinical implications. We return to this point later.

The possibility that there are subtypes of alexithymia that can be distinguished, in part, on the basis of features of SPS gained support from a recent latent profile analysis (Jakobson and Rigby, 2021). In this study, five groups were identified that could be distinguished on the basis of TAS-20 subscale scores, subjective interoceptive accuracy, and sensory processing style (as measured by the Adolescent/Adult Sensory Profile; Brown and Dunn, 2002). The groups were subsequently compared on two measures of SPS: the HSPS and the Orienting Sensitivity (OS) scale from Evans and Rothbart’s (2007) Adult Temperament Questionnaire. Two of the five groups identified included a high proportion of individuals scoring in the alexithymic range on the TAS-20. Members of both groups reported marked problems with emotional appraisal (high DIF/DDF) and their HSPS profiles indicated heightened sensitivity to unpleasant stimuli or situations. However, only the group who scored low on EOT scored high on subscales of the OS that measure sensitivity to subtle stimuli. The authors argued that, if those who frequently turn their attention inward (i.e., who score low on EOT) attend more closely to mental images (which are thought to function as weak percepts; Pearson et al., 2015) this might strengthen the representations of these images in working memory (making them more salient and memorable). This could explain why, when completing the OS, the group scoring low in EOT reported being imaginative and experiencing vivid dreams (Jakobson and Rigby, 2021).

In the current paper, we tested this idea by exploring the possible mediating role that characteristics associated with SPS may play in the link between EOT and the tendency to mentally transpose oneself into the lives of characters depicted in narratives (books, movies, or plays). This tendency is often assessed using the Fantasy subscale of the Interpersonal Reactivity Index (IRI; Davis, 1980). Davis (1980) included this subscale as a measure of empathy based on earlier observations linking fantasizing tendencies to displaying heightened physiological reactivity to others and to helping behaviour (Stotland et al., 1978). This decision was supported by the subsequent finding (Davis, 1983) that scores on the Fantasy subscale correlated strongly with scores on Mehrabian and Epstein’s (1972) Emotional Empathy Scale. Not surprisingly, however, IRI Fantasy scores also correlate with measures of a range of self-oriented processes including imagination (Baron-Cohen and Wheelwright, 2004), and Bagby et al. (2020) proposed that scores on this IRI subscale might provide a reliable index of the extent to which fantasy is compromised in those with alexithymia.

Based on earlier work (e.g., Jakobson and Rigby, 2021), we predicted that individuals who were less externally oriented would tend to report stronger traits associated with SPS and that this, in turn, would predict higher IRI Fantasy scores. We tested this prediction in two studies, using data from two large, independent samples of university students. Our analyses allowed us to investigate the multidimensional nature of SPS and how its different facets relate to the features of alexithymia and to the tendency to mentally project oneself into the life of a real or fictional character.



2 Study 1

The first goal of Study 1 was to expand upon past research investigating the nature of SPS. In their early work in this area, Aron and Aron (1997) introduced the HSPS as a brief, unidimensional self-report measure of this trait. Subsequent studies, however, provided support for several interrelated subfactors (e.g., Meyer et al., 2005; Smolewska et al., 2006; Evans and Rothbart, 2008; Ershova et al., 2018). The three-factor model is the most widely recognized and includes a Low Sensory Threshold (LST) subfactor tapping into stimuli that make one feel uncomfortable, an Ease of Excitation (EOE) subfactor tapping into sensitivity to overstimulation, and an Aesthetic Sensitivity (AES) subfactor tapping into sensitivity to subtle, aesthetic qualities of one’s environment. However, Smolewska et al. (2006) found EOE and LST to be highly correlated and suggested that they may represent a single subfactor, which they argued was a stronger predictor of negative clinical outcomes than AES. This conclusion was supported by Liss et al. (2008) who found (a) that EOE and LST were positively associated with problems with emotional appraisal and that the combination of being easily overwhelmed and unable to identify one’s feelings was a risk marker for anxiety; and (b) that AES was conceptually distinct from EOE and LST and negatively associated with EOT. It gained further support from Jakobson and Rigby (2021) who observed that, whereas EOE and LST showed moderate positive correlations with DIF and DDF, AES was negatively correlated with EOT with moderate effect size. Attary and Ghazizadeh (2021) argued for categorizing EOE and LST as negative SPS traits closely associated with neuroticism and alexithymia (as reflected in TAS-20 total scores), and for categorizing AES as a positive SPS trait more closely related to openness—that is, to being open to new experiences, insightful, creative, and imaginative (McCrae and Cost, 1997). This suggestion is consistent with findings from a meta-analysis by Lionetti et al. (2019).

In 2012, Aron et al. noted some shortcomings of the HSPS including, for example, that it does not adequately assess sensitivity to positively valenced stimuli or the tendency to engage in deep processing. For these reasons, they recommended supplementing the HSPS with the OS scale (Evans and Rothbart, 2007). This measure includes three subscales: Neutral Perceptual Sensitivity items assess awareness of low-intensity/subtle environmental cues; Affective Perceptual Sensitivity items measure awareness of one’s emotional response to low-intensity non-social cues about one’s surroundings or conveyed through music or the visual arts; and Associative Sensitivity items assess the extent to which one engages in processes not driven by stimuli in the immediate environment, such as creative thinking, using one’s imagination, and dreaming.

Recently, De Gucht et al. (2022) developed a new 43-item measure of SPS. An exploratory factor analysis produced a general sensitivity factor and six subfactors that could be grouped into negative and positive trait clusters. Consistent with Attary and Ghazizadeh (2021), the negative cluster included two subscales tapping into the tendencies to be highly reactive/easily overwhelmed and overly sensitive to stimuli that make one feel uncomfortable, and the mean score on these two subscales was strongly correlated with scores on both the EOE and LST subscales of the HSPS (r ≥ 0.77). Also consistent with Attary and Ghazizadeh (2021), the positive SPS trait cluster included items assessing aesthetic sensitivity, and scores on this subscale were strongly correlated (r = 0.66) with scores on the AES subscale of the HSPS. In addition, the positive cluster identified by De Gucht et al. (2022) included subscales assessing sensory sensitivity to subtle internal and external stimuli and to subtle interpersonal cues, scores on which were strongly correlated with scores on the Neutral and Affective Perceptual Sensitivity subscales of the OS (0.53 ≤ r ≤ 0.87), and a subscale tapping into sensitivity to pleasurable forms of stimulation, scores on which were moderately correlated with AES and OS total scores (0.27 ≤ r ≤ 0.34). Finally, as in Attary and Ghazizadeh (2021), being highly reactive/easily overwhelmed was related to neuroticism and negative clinical outcomes, whereas aesthetic sensitivity was related to openness.

The first objective of Study 1 was to determine if the subscales of the HSPS and the OS formed negative and positive SPS clusters, as suggested by the work of Attary and Ghazizadeh (2021) and De Gucht et al. (2022). Assuming this would be the case, we also sought to examine the distribution of positive and negative SPS traits in a large sample of undergraduate students and explore the relationship between different SPS profiles and alexithymia. As suggested by past findings (Liss et al., 2008; Attary and Ghazizadeh, 2021; Jakobson and Rigby, 2021), we expected to find that high scores on DIF would be most strongly associated with high scores on the negative SPS trait cluster, and that high scores on EOT would be most strongly associated with low scores on the SPS positive trait cluster. Following this, we set out to determine whether SPS positive traits mediate the hypothesized link between EOT and impaired fantasy. We predicted that this would be the case; specifically, we predicted that individuals who turn attention inward (i.e., who have a weak external focus) would be more sensitive to subtle internally-generated stimuli (potentially leading them to experience more vivid and memorable imagery), and be more likely to mentally project themselves into scenarios depicted in narratives.


2.1 Materials and methods


2.1.1 Participants

In Study 1 we utilized data collected (via convenience sampling) in two different research protocols. The first protocol was used by Jakobson and Rigby (2021) to collect data from a sample of 201 participants (112 women and 89 men; Mage = 19.7 years, SD = 3.9, range 17–52). Data collected by McQuarrie et al. (2023) from 305 participants who completed the second research protocol were combined with new data collected for the present investigation from 194 participants using identical procedures; this brought the final sample who completed the second protocol to 499 (385 women, 111 men, 3 non-binary or prefer not to say; Mage = 20.2 years, SD = 4.8; range 16 to 54). All of the 700 individuals in the total sample were students enrolled in an Introduction to Psychology course and participated to earn credit toward a research participation option. All provided informed consent prior to their participation.



2.1.2 Procedures

Although both research protocols involved the completion of numerous self-report measures, participants who took part in the first protocol completed their survey at individual workstations in a computer lab that could accommodate groups of approximately 30, whereas (due to pandemic-related restrictions on in-person testing) participants who completed the second protocol completed their survey individually at a time and place of their choosing. Both protocols included items relating to demographics (age [in years] and sex [male, female, non-binary, prefer not to say]) along with measures of alexithymia and SPS. Only the second protocol included the IRI. All of the measures extracted for the present study were collected online via the Qualtrics survey platform, and descriptions of them are provided below. In addition to the above, each protocol included some measures that were not utilized in the present investigation. In particular, the first protocol included self-report measures of mental health and sensory processing style, and the second included self-report measures of depression and exposure to childhood emotional abuse. Prior to completing any self-report measures, participants in the second protocol also provided ratings of their reactions to a set of affective film clips. Descriptions of the measures not included in the present study are provided in Jakobson and Rigby (2021) and McQuarrie et al. (2023). Both protocols were approved by our university’s Research Ethics Board.



2.1.3 Measures


2.1.3.1 Toronto Alexithymia Scale

The 20 items comprising the TAS-20 (Bagby et al., 1994) measure three key features of alexithymia, namely DIF (7 items; e.g., I am often confused about what emotion I am feeling), DDF (5 items; e.g., It is difficult for me to find the right words for my feelings), and EOT (8 items; e.g., Being in touch with emotions is essential [reverse scored]). Participants indicate the extent to which they agree with each item using a 5-point Likert scale ranging from 1 = Strongly disagree to 5 = Strongly agree. Subscale scores are sums of ratings on relevant items. The TAS-20 is widely used and provides a reliable and valid measure of alexithymia (Bagby et al., 2020).



2.1.3.2 Measures Assessing Sensory Processing Sensitivity

Following the recommendation of Aron et al. (2012), we used two complementary measures to capture different aspects of SPS: the 27-item HSPS (Aron and Aron, 1997) and the 15-item OS scale (Evans and Rothbart, 2007). When completing these scales, respondents indicate the extent to which each item describes them using a seven-point Likert scale. Anchors for the HSPS are 1 (not at all) to 7 (extremely) and anchors for the OS are 1 (Extremely untrue of you) to 7 (Extremely true of you). As noted earlier, the three subscales of the HSPS include EOE (12 items; e.g., Do you find it unpleasant to have a lot going on at once?), LST (6 items; e.g., Are you made uncomfortable by loud noises?) and AES (7 items; Are you deeply moved by the arts or music?); and the three subscales of the OS include Neutral Perceptual Sensitivity (5 items; e.g., I often notice mild odors and fragrances), Affective Perceptual Sensitivity (5 items; I am often aware how the color and lighting of a room affects my mood), and Associative Sensitivity (5 items; When I am resting with my eyes closed, I sometimes see visual images). Subscale scores are computed by finding the mean rating for relevant items. The HSPS possesses strong reliability and validity (Aron and Aron, 1997; Smith et al., 2019). Cronbach alphas for the OS subscales range from 0.64 to 0.79 (Evans and Rothbart, 2007).



2.1.3.3 Interpersonal Reactivity Index

The IRI (Davis, 1980) includes four subscales comprised of seven items each: Fantasy (e.g., After seeing a play or movie, I have felt as though I were one of the characters), Perspective Taking (e.g., I try to look at everybody’s side of a disagreement before I make a decision), Empathic Concern (e.g., I often have tender, concerned feelings for people less fortunate than me), and Personal Distress (e.g., Being in a tense emotional situation scares me). Responses are provided on a 5-point Likert scale ranging from 0 (Does not describe me well) to 4 (Describes me very well). Subscale scores are computed by summing responses on relevant items. The subscales possess acceptable internal consistency (0.71 to 0.77) and the test–retest reliability ranges from 0.61 to 0.81 (Davis, 1980). Subscale scores relate to other measures of interpersonal functioning, emotionality, and sensitivity to others, indicating good construct validity (Davis, 1983). The original four-factor model has been recently validated by Chrysikou and Thompson (2016).





2.2 Results

Procedures followed when cleaning data and imputing missing values were described in our previous publications (Jakobson and Rigby, 2021; McQuarrie et al., 2023). Univariate outliers were identified and corrected through winsorizing, and linearity between independent and dependent variables was confirmed. No influential multivariate outliers were identified (Cook’s distance <0.118 for all cases). Unless otherwise indicated, statistical analyses in both studies were conducted using IBM SPSS Statistics for Windows (v 28), and an alpha of 0.05 was adopted for tests of statistical significance.

Using G*Power 3.1 (Faul et al., 2009) we determined that the sample size provided ample power (>0.80) for a planned analysis of variance (ANOVA) assuming a medium effect size. Based on the standard rule-of-thumb of 10 observations per parameter and on guidelines put forth by Watkins (2021), the sizes of the two subsamples also provided sufficient power for the planned mediation and factor analyses, respectively.


2.2.1 How do the HSPS and OS subscales relate to one another?

An exploratory factor analysis was completed (using R Statistical Software, version 4.3.1) to determine the underlying factor structure of the subscales of the HSPS and OS. This analysis was conducted with data from the 201 participants who completed the first research protocol (the calibration sample). First, the appropriateness of conducting the analysis was confirmed by identifying the correlations between variables, ruling out multicollinearity, and calculating both Bartlett’s (1950) test of sphericity and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (Kaiser, 1974). Based on the recommendations of Velicer et al. (2000), both parallel analysis (PA; Horn, 1965) and minimum average partial (MAP; Velicer, 1976) extraction methods were used to determine the number of factors to retain for rotation. Factor rotation was completed utilizing an oblique rotation method, given the fact that the variables were correlated. Factor loadings less than 0.32 were rejected as not meaningful (Watkins, 2021). Finally, factor scores were calculated utilizing the regression method.

Results from the PA and MAP provided support for one or two factors. The one factor model produced a root mean squared residual (RMSR) value of 0.117, which is above the recommended cutoff of ≤0.08 (Brown, 2015). Additionally, over half of the individual residual correlations were greater than 0.05. This indicates that the one factor model did not extract enough factors (Watkins, 2021). The two-factor model converged properly and produced salient loadings onto each factor. It produced a RMSR value of 0.019 and all residual correlations were less than 0.05. As seen in Table 1, the EOE and LST subscales loaded onto Factor 1, and the AES and the three OS subscales loaded onto Factor 2. Following Attary and Ghazizadeh (2021) and De Gucht et al. (2022), factor 1 was characterized as capturing a negative SPS trait cluster and factor 2 a positive SPS trait cluster.



TABLE 1 Factor loadings for the HSPS and OS subscales in the exploratory factor analysis.
[image: Table displaying subscales and factor loadings for two factors: Negative SPS (EOE: 0.920, LST: 0.624, others below 0.32) and Positive SPS (APS: 0.690, AES: 0.681, others below 0.32). Scores above 0.32 are highlighted.]

Next, the one- and two-factor models were evaluated with confirmatory factor analysis using data from the 499 participants who completed the second research protocol (the validation sample). Little’s Missing Completely at Random test confirmed that missing data were missing completely at random. Missing values were then imputed using an Estimation-Maximization algorithm. As the data met the assumption of multivariate normality, the maximum likelihood estimation extraction method was used. Although chi-square test results are often considered when assessing fit, this test is sensitive to sample size, leading to failure to reject poorly fitting models when sample size is small (< 200) and to rejection of adequate models when sample size is large (Hu et al., 1992; Gatignon, 2010; Singh et al., 2016). For this reason, we focused on three other indicators when assessing goodness-of-fit for the two tested models: the comparative fit index (CFI), the Tucker-Lewis Index (TLI), and the root mean square error of approximation (RMSEA). A CFI value of 0.95 indicates good fit (Garson, 2023), a TLI value of 0.90 (Byrne, 1994) or 0.95 (Garson, 2023) indicates good fit, and a RMSEA value of 0.05 indicates good fit although values from 0.08 to 0.10 are taken as evidence of mediocre fit (Browne and Cudeck, 1993; Garson, 2023). Table 2 presents the fit indices for the two tested models. The one-factor model (in which each of the six subscales load onto an overarching “SPS” factor) produced CFI and TLI values below and RMSEA values above the recommended cutoffs, suggesting that it did not provide a good fit for the data. The two-factor model (which included positive and negative SPS trait clusters) produced good fit based on CFI and TLI values and mediocre fit based on the RMSEA value; overall, then, the fit of the two-factor model was deemed to be acceptable. The standardized loading estimates for the two-factor model are shown in Figure 1.



TABLE 2 Confirmatory factor analysis fit indices.
[image: Comparison table of one-factor and two-factor models. The one-factor model has a chi-square of 225.088, 9 degrees of freedom, CFI of 0.774, TLI of 0.624, and RMSEA of 0.219 with 90% CI [0.195, 0.245]. The two-factor model has a chi-square of 33.596, 8 degrees of freedom, CFI of 0.973, TLI of 0.95, and RMSEA of 0.080 with 90% CI [0.053, 0.109]. Significance level is p<0.01.]
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FIGURE 1
 Standardized loading estimates for the positive and negative aspects of SPS in the two-factor model identified using confirmatory factor analysis. Subscales of the Highly Sensitive Person Scale (HSPS): EOE, Ease of Excitation; LST, Low Sensory Threshold; AES, Aesthetic Sensitivity. Subscales of the Orienting Sensitivity (OS) scale of the Adult Temperament Questionnaire (short form): APS, Affective Perceptual Sensitivity; NPS, Neutral Perceptual Sensitivity; AS, Associative Sensitivity.


In both the calibration and the validation sample, the negative SPS factor score was almost perfectly correlated with the average score on the EOE and LST subscales and the positive SPS factor score was almost perfectly correlated with the average score on the AES and the three OS subscales (r > 0.960 in all cases). Given this, in the analyses described below we used these composite scores to quantify the strength of SPS negative and SPS positive traits, respectively.



2.2.2 What is the distribution of positive and negative SPS traits and what is their relationship to alexithymia?

Descriptive statistics for and zero-order correlations between the study variables are shown in Table 3 (see Supplementary Tables S1, S2 for results for males and females, separately).



TABLE 3 Descriptive statistics and zero-order correlations between study 1 variables.
[image: Table displaying 2-tailed Pearson correlations for subscales of the Toronto Alexithymia Scale and Interpersonal Reactivity Index. Variables include DDF, DIF, EOT, SPS pos, SPS neg, EC, FS, PD, and PT. Correlations are marked with colors indicating effect sizes: gold for small, orange for medium, and red for large, significant at p ≤ 0.008. Highest correlations are DDF with DIF (0.664) and PD with EC (0.512).]

As expected, the negative and positive SPS composite scores were positively correlated with one another, r(700) = 0.386, p < 0.001. However, as can be clearly seen in Figure 2A, any combination of scores was possible. Thus, individuals could score high on one trait cluster but low on the other (quadrants II and IV), although the majority scored either high on both (quadrant I) or low on both (quadrant III). The number of individuals whose scores fell in each quadrant were as follows: quadrant I (high positive, high negative) = 213, quadrant II (low positive, high negative) = 127, quadrant III (low positive, low negative) = 228, quadrant IV (high positive, low negative) = 132.

[image: Scatter plot and bar chart illustrate data on SPS scores. Plot A displays SPS negative vs. positive composite z-scores divided into four quadrants. Plot B shows sample distribution by gender across quadrants: females have 14.3% in IV, 28.4% in III, 20.9% in II, 36.4% in I; males have 30.5% in IV, 43.5% in III, 11.5% in II, 14.5% in I.]

FIGURE 2
 Distribution of positive and negative traits associated with sensory processing sensitivity (SPS) in the full sample (A) and in males and females (B). The four SPS groups include individuals who: scored high on both positive and negative SPS traits (quadrant I), high on negative traits only (quadrant II), low on both trait clusters (quadrant III), and high on positive traits only (quadrant IV).


A chi-square test compared the SPS profiles of males and females. (Note that this analysis excluded the three individuals who identified as non-binary or did not disclose their sex.) As shown in Figure 2B, the proportion of females in quadrants I and II was higher than the proportion of males in corresponding quadrants, whereas the reverse was true in quadrants III and IV, Χ2(3) = 59.47, p < 0.001. Two-sided independent samples t-tests confirmed that although females scored higher than males on both positive SPS traits [Mfemale = 4.75, SD 0.78, Mmale = 4.61, SD 0.75, t(695) = 2.27, p = 0.004, d = 0.19] and negative SPS traits [Mfemale = 4.19, SD 1.06, Mmale = 3.52, SD 0.89, t(695) = 7.88, p = 0.023, d = 0.66], the latter effect was considerably larger. Follow-up ANOVAs that included both sex and the protocol completed as grouping variables confirmed that mean composite scores were similar and sex differences were as described above regardless of which protocol had been completed.

Individuals whose scores fell in quadrants I and II (who reported strong negative SPS traits) were at highest risk for alexithymia, with 61.4 and 69.3% having TAS-20 total scores that fell in the borderline-to-alexithymic range (≥ 52), respectively. In a follow-up analysis, we compared the TAS-20 profiles of those whose SPS composite scores fell in different quadrants using a mixed ANOVA, with Greenhouse–Geisser adjustment to the degrees of freedom where indicated. DIF, DDF, and EOT scores were converted to z scores in this analysis to put them on a common scale. A significant Quadrant X Subscale interaction [F(5.2, 1195.6) = 33.92, p < 0.001, ηp2 = 0.128; see Figure 3] was followed up with tests of simple main effects, which revealed two key findings. First, DDF and DIF scores were higher in quadrants I and II than in quadrants III and IV (all contrasts p ≤ 0.001), suggesting that problems with emotional appraisal are characteristic of those reporting strong negative SPS traits. Second, EOT scores were higher in quadrants II and III than in quadrants I and IV (all contrasts p ≤ 0.001), supporting the view that being externally oriented (i.e., failing to turn attention inward) is characteristic of those reporting weak positive SPS traits. The net effect was that the two groups at highest risk for alexithymia (quadrants I and II) could be distinguished primarily on the basis of their EOT scores. The same was true of the two groups at lowest risk for alexithymia (quadrants III and IV). When the research protocol that had been completed was added as an additional grouping variable there was no main effect of protocol and no interactions involving protocol, with the Quadrant X Subscale interaction taking the same form in both samples.

[image: Line graph showing mean z scores for four groups across three conditions: DIF, DDF, and EOT. Group I, "High on both," shows consistent scores around 0.4. Group II, "High neg," decreases from 0.4 to 0. Group III, "Low on both," remains near 0. Group IV, "High pos," increases from 0.1 to 0.4. Error bars indicate variability.]

FIGURE 3
 Comparison of subscale scores on the Toronto Alexithymia Scale across groups with different sensory processing sensitivity (SPS) profiles. The figure shows mean z scores (SE indicated) on three subscales: DIF, difficulty identifying feelings; DDF, difficulty describing feelings; EOT, externally oriented thinking. The four SPS groups include individuals who: scored high on both positive and negative SPS traits (quadrant I), high on negative traits only (quadrant II), low on both trait clusters (quadrant III), and high on positive traits only (quadrant IV).




2.2.3 Does SPS mediate the link between EOT and IRI fantasy scores?

The mediation analysis was conducted using data collected as part of the second research protocol (n = 499), which was the only one that included the IRI. Before testing for mediation, we examined the zero-order Pearson correlations between our personality measures and the four subscales of the IRI (see Table 3). EOT showed a moderately strong negative relationship not only to scores on the IRI Fantasy scale (as predicted), but on the Empathic Concern and Perspective Taking subscales as well. Scores on these three IRI subscales were also found to be moderately positively correlated with both clusters of SPS traits. In contrast, DDF and DIF showed the strongest relationships to the Personal Distress subscale of the IRI, which assesses the self-oriented tendency to feel anxious and uneasy in emotionally charged situations. Scores on this subscale were strongly related to negative SPS traits. (Note: p ≤ 0.005 for all correlations reported above.)

To test whether positive and/or negative SPS scores mediated the link between EOT and IRI Fantasy scores we ran a mediation analysis using Hayes’ PROCESS model 4. DIF and DDF scores were included as covariates. In this analysis and a subsequent mediation (see Study 2), the significance of the indirect effect was determined by examination of percentile bootstrap confidence intervals (BCIs) based on 5,000 bootstrap samples. Full mediation via both SPS positive traits (indirect effect = −0.030, Boot SE = 0.005, BCI [−0.041, −0.020]) and SPS negative traits (indirect effect = −0.003, Boot SE = 0.002, BCI [−0.006, −0.0001]) was supported (Table 4, Model A), although the indirect effect through SPS positive traits was significantly larger (indirect effect contrast = 0.027, Boot SE 0.006 [0.016, 0.040]). As predicted, after controlling for problems with emotional appraisal, being better able to direct attention inward (low EOT) predicted greater sensory sensitivity (particularly to subtle stimuli) and this, in turn, predicted higher IRI Fantasy scores. Importantly, the same result was obtained when we reran the mediation after excluding from the calculation of the SPS positive score the items from the Associative Sensitivity subscale of the OS scale, which directly addresses engagement in internal processes such as dreaming and imagery (see Table 4, Model B). This suggests that the link between SPS positive traits and IRI Fantasy scores was not due to item overlap but instead reflects the fact that heightened sensitivity to subtle stimuli is common in those reporting strong fantasizing.



TABLE 4 Unstandardized effects in tests for mediation of the link between EOT and fantasy scores.
[image: A table presenting regression analysis results for Models A and B. The outcomes, predictors, coefficients, standard errors, lower and upper confidence intervals, R-squared values, and F-statistics are displayed. Significant predictors are bolded, including EOT, DIF, SPS neg, and SPS pos. Subscales of the Toronto Alexithymia Scale are used: EOT, DDF, DIF, with SPS subscales. Model A includes the Associative Sensitivity subscale; Model B does not. Each model assesses different outcomes: SPS neg, SPS pos, and IRI fantasy. Significance levels are indicated with asterisks.]

It is important to remember that people vary in their SPS profiles (see above). To explore how IRI Fantasy scores varied as a function of one’s SPS profile, we used a between-subjects ANOVA to compare IRI Fantasy scores of those whose SPS composite z scores had fallen in quadrant I (high on both positive and negative SPS traits, n = 162), quadrant II (high on negative SPS traits only, n = 89), quadrant III (low on both trait clusters, n = 159), and quadrant IV (high on positive SPS traits only, n = 89) of Figure 2A. The main effect of group was significant, F(3, 495) = 21.89, p < 0.001, ηp2 = 0.117 (see Figure 4). Post-hoc tests (with Bonferroni correction to the alpha level) confirmed that, regardless of where they scored on SPS negative traits, individuals who scored high on SPS positive traits had higher Fantasy scores than the group who scored low on both traits. These findings lend additional support to the view that SPS positive traits are the best overall predictor of the tendency to imaginatively transpose oneself into the lives of fictional or real characters.

[image: Bar chart showing the mean IRI Fantasy score for four SPS profiles: Low on both (III), High neg (II), High pos (IV), and High on both (I). Scores increase from Low on both to High on both. Significant differences are indicated between groups with asterisks, where three asterisks denote a very high significance level.]

FIGURE 4
 Mean scores on the Fantasy subscale of the Interpersonal Reactivity Index (SE indicated) for four groups displaying different levels of positive and negative traits linked to sensory processing sensitivity (SPS): those who scored high on both positive and negative SPS traits (quadrant I), high on negative traits only (quadrant II), low on both trait clusters (quadrant III) and high on positive traits only (quadrant IV). ** p < 0.01; *** p < 0.001.





2.3 Discussion

Study 1 produced several noteworthy findings. First, consistent with other reports (Attary and Ghazizadeh, 2021; De Gucht et al., 2022), we found support for negative and positive clusters of SPS traits. The fact that the negative traits (which reflect sensitivity to aspects of the sensory environment that make one uncomfortable) were more strongly related to the tendency to feel discomfort during tense interpersonal situations (as indexed by high IRI Personal Distress scores) is consistent with the idea that this trait cluster is associated with high levels of neuroticism (Attary and Ghazizadeh, 2021; De Gucht et al., 2022). Although both clusters of SPS traits correlated positively with scores on the remaining IRI subscales, it is possible that the higher levels of personal distress experienced by those exhibiting strong negative SPS traits might interfere with their ability to appraise and regulate negative emotions, making it difficult for them to act with compassion in real-life situations (see Jordan et al., 2016). Future studies that incorporate objective tests of prosocial action tendencies are needed to determine if this is the case.

A second noteworthy finding was that, consistent with De Gucht et al. (2022) and Konrad and Herzberg (2019), females scored higher than males on both clusters of SPS traits, with the group difference being particularly large for the negative cluster. As the negative SPS trait cluster has been linked in past work to neuroticism and negative clinical outcomes (Attary and Ghazizadeh, 2021; De Gucht et al., 2022), these findings may help to explain (in part) why females are routinely found to score higher than males on measures of stress-related psychopathology (e.g., Bangasser et al., 2010).

A third key finding from this study was that different SPS profiles were linked to distinctly different patterns of TAS-20 subscale scores. The patterns we observed after grouping participants on the basis of their SPS profiles mirror those described in the subset (28.7%) of the current sample who took part in the study by Jakobson and Rigby (2021). Thus, in that study we identified: (a) two groups at high risk for alexithymia who scored high on DIF/DDF and on SPS negative traits (like those in quadrants I and II of the present study); (b) two groups who scored relatively low on EOT and above-average on SPS positive traits (like those in quadrants I and IV of the present study); and (c) one group who scored low on DIF/DDF but relatively high on EOT and reported few symptoms of SPS (like those in quadrant III of the present study). Note that only participants who reported strong positive but weak negative SPS traits (quadrant IV) had uniformly low TAS-20 subscale scores; they would generally be classified as “lexithymic” on these grounds. Given that poor mental health outcomes have been more strongly associated with negative than positive SPS traits (e.g., De Gucht et al., 2022), one might predict that these “lexithymic” individuals might include a number of highly sensitive people who—while still being moderately anxious—would be better able to cope with feelings of discomfort and sensory overload than those who score higher on negative than positive SPS traits. Although not tested here, it is possible that reporting stronger positive than negative SPS traits is a feature of highly sensitive individuals who were raised in supportive environments. Such people have been found to be better able to understand and manage their emotions than highly sensitive people who experienced early adversity (Aron et al., 2012; Greven et al., 2019). This may reflect the fact that these kinds of experiences are associated with higher levels of alexithymia (Khan and Jaffee, 2022). Interestingly, Karaca Dinç et al. (2021) found that both SPS and alexithymia mediated the relationship between childhood trauma and psychopathology, including depression, anxiety, and negative self-esteem.

The fourth key finding from Study 1 was that SPS positive traits and, to a lesser extent, SPS negative traits, mediated the link between EOT and IRI Fantasy scores, when variance related to problems with emotional appraisal were held constant. This finding may help resolve past arguments about the nature of alexithymia. We propose that whereas problems with emotional appraisal (DIF/DDF) are core features of alexithymia, there is variability in the extent to which these difficulties are accompanied by EOT and deficits in fantasy. Alexithymic individuals who exhibit these latter two features are relatively insensitive to subtle, internally- and externally-generated stimuli, including mental images. In contrast, alexithymic individuals who turn their attention inward tend to be highly sensitive to such stimuli and report strong engagement in fantasizing. Although, as suggested above, members of both groups would be at elevated risk for mental health problems, especially if they had been exposed to early adversity (Aron et al., 2012), findings from Jakobson and Rigby (2021) suggest that this risk would be particularly high in members of the latter group whose extreme sensitivity would exacerbate problems with emotion regulation.




3 Study 2

In Study 1, the IRI Fantasy scale served as our measure of the extent to which fantasy is compromised in those with alexithymia. However, as noted earlier, this measure assesses more than simply having a rich inner life. Murphy et al. (2020) argue that it also captures a characteristic closely related to Tellegen’s absorption construct (Tellegen and Atkinson, 1974); indeed, these two measures are highly correlated (Wickramasekera and Szlyk, 2003). Tellegen and Atkinson (1974) define absorption as a disposition to fully engage one’s attention in sensory and imaginative experiences in ways that alter one’s perception, memory, and mood. As such, one might argue that what the IRI Fantasy scale really captures is a high-level feature of SPS, namely strong depth of processing (Aron et al., 2012). People who process information deeply often generate mental images or visual representations that they connect to prior knowledge in working memory when evaluating, analyzing, and synthesizing information, leading to better recall (Craik and Lockhart, 1972). By imagining themselves in circumstances like those facing characters (real or fictional) and drawing on their own past experiences, individuals who deeply process narratives can gain a better understanding of the characters’ thoughts and feelings. In Study 2, we tested the possibility that the link between EOT and the adoption of this type of imagery-based processing style might be mediated by two features of SPS: emotional reactivity and fantasy proneness.

In addition to the IRI, we administered the Bermond-Vorst Alexithymia Questionnaire (BVAQ; Vorst and Bermond, 2001). The authors contend that the characteristics the BVAQ samples can be grouped into two clusters. The Identifying, Verbalizing, and Analyzing subscales measure what the authors refer to as “cognitive” alexithymic traits; they correspond to the DIF, DDF, and EOT subscales of the TAS-20, respectively, and total scores in the cognitive domain are strongly correlated with TAS-20 total scores (Vorst and Bermond, 2001). The remaining two subscales (Emotionalizing and Fantasizing) measure what the authors of the BVAQ refer to as “affective” alexithymic traits, with higher scores reflecting lower levels of emotional reactivity and fantasy proneness. We would point out, however, that low scores on these two subscales could alternatively be viewed as indexing traits characteristic of those with SPS. Conceptualizing low scores in this (unconventional) way may clarify why the Type I and Type II alexithymia subtypes identified by Moormann et al. (2008) bear some similarities to the two alexithymic subtypes identified by Jakobson and Rigby (2021) that were described earlier (although, as will be discussed later, differences are also apparent). Thus, Moormann et al. (2008) describe individuals with both Type I and Type II alexithymia as having poorly developed cognitions regarding emotions, but state that those with a Type II profile are more emotionally reactive and imaginative (in other words, whereas those with a Type I profile score high on both the cognitive and affective domains, those with a Type II profile only score high on the former). Interestingly, as we might expect based on the results of Study 1, in the English version of the BVAQ (which was used in the current study) Emotionalizing and Fantasizing scores are positively correlated with scores on Analyzing, with moderate effect size (Vorst and Bermond, 2001); thus, those who are more prone to look inward tend to report being more emotionally reactive and fantasy prone.

Items in the Emotionalizing subscale have good face validity as measures of the emotional reactivity seen in SPS. They address the extent to which an individual becomes emotionally aroused by certain kinds of events. Half of the items refer to events that are negatively valenced (e.g., someone else crying uncontrollably), but the remaining items refer to events that are positively valenced (e.g., being around people who are wildly enthusiastic about something) or simply unexpected. People with SPS report being emotionally reactive (Aron et al., 2012), particularly in response to negative events (Van Reyn et al., 2023). In objective testing they show stronger behavioural (Jagiellowicz et al., 2016) and neural responses (Acevedo et al., 2014) to both positively and negatively valenced stimuli compared to those who are less sensitive. Aron et al. (2012) argue that heightened emotional reactivity amplifies the salience of events, which promotes deeper cognitive processing of them.

Items in the Fantasizing subscale of the BVAQ have good face validity as measures of fantasy proneness—specifically, the frequency with which one daydreams, fantasizes, or uses their imagination, and the pleasure one gets from doing so. Many people scoring high on SPS engage in these activities frequently (e.g., Bröhl et al., 2022), describing themselves as having rich inner lives (Aron and Aron, 1997). This “richness” extends to involuntary forms of imagination such as dreams; thus, those scoring high on SPS report frequent dreams (Schredl et al., 2020) along with intensely positive dreams and frequent nightmares (Carr and Nielsen, 2017), suggesting that their heightened sensitivity influences processing during sleep (Carr et al., 2021). Schredl et al. (2022) linked aesthetic sensitivity and being sensitive to stimuli that make one uncomfortable (LST) to lucid dream frequency, and Carr and colleagues (Carr and Nielsen, 2017; Carr et al., 2020, 2021) found that the link between SPS and nightmare frequency was mediated by nightmare distress and emotional reactivity to adverse environments and moods. Together, these findings suggest that both positive and negative features of SPS may influence dream recall, and that the negative factors may be important in amplifying our reactions to negative dream content. Interestingly, Levin and Fireman (2001) linked nightmare recall frequency to both fantasy proneness and absorption, and Khodarahim et al. (2023) showed that SPS moderated the link between negative affectivity and a latent variable reflecting both dream recall frequency and attitudes toward dreams. Specifically, negative affectivity predicted SPS, which predicted more frequent dream recall and a stronger tendency to regard dreams as meaningful—the latter variable possibly reflecting deeper processing of dream content.

Given the above, in Study 2 we addressed the question of whether emotional reactivity and fantasy proneness (as measured by the BVAQ) would mediate the link between EOT (captured by the Analyzing subscale) and IRI Fantasy scores. To do this, we performed a secondary analysis of data collected in a previously published report that included a large, undergraduate sample (Van Landeghem et al., 2019). We predicted that individuals who turn attention inward (i.e., who have a weak external focus) would maintain stronger representations of imagined events in working memory (increasing awareness of how frequently they occur) and react more strongly to these events (further enhancing their salience), and that both of these effects would promote the development of a cognitive style involving the use of imagery-based strategies to support deep processing of narratives (including the thoughts and feelings of the characters depicted), as reflected in high IRI Fantasy scores.


3.1 Materials and methods


3.1.1 Participants

Study 2 included a convenience sample of 600 participants (382 women, 199 men, 19 sex not disclosed; Mage = 18.9 years, SD = 2.9). Participants were students enrolled in an Introduction to Psychology course who participated to earn credit toward a research participation option. They provided informed consent prior to their participation.



3.1.2 Procedures and measures

Study 2 included numerous self-report measures, which were completed in two phases. Participants first supplied demographic information and completed the IRI (Davis, 1980) (presented in paper form) as part of a pre-screening survey administered in-class to assist investigators in identifying candidates for their studies. Anyone who had completed the IRI in phase one was invited to volunteer for our study. In phase two, eligible participants who consented to do so went on to complete measures assessing exercise dependence, disordered eating, alexithymia, and depression in that order. These data were collected via the Qualtrics survey platform, at a time and place of participants’ choosing. Only data from the IRI and the alexithymia measure (the BVAQ) were used in the present study. Descriptions of the remaining measures are available in Van Landeghem et al. (2019). The study protocol was approved by our university’s Research Ethics Board.



3.1.3 Interpersonal Reactivity Index

For a description of the IRI see Study 1. Note, however, that in the pre-screening survey mentioned above the items comprising the IRI were responded to on a 10-point scale rather than the standard 5-point scale; the anchors were 1 = Does not describe me well to 10 = Describes me very well. Cronbach alphas for all subscales were ≥ 0.728 in the current sample.



3.1.4 Bermond-Vorst Alexithymia Questionnaire

The BVAQ is a 40-item measure that includes five 8-item subscales: Identifying Emotions (e.g., When I am tense, it remains unclear from which of my feelings this comes); Verbalizing Emotions (e.g., I find it difficult to express my feelings verbally); Analyzing Emotions (e.g., I hardly ever consider my feelings); Emotionalizing (e.g., Unexpected events often overwhelm me with emotion [reverse scored]); and Fantasizing (e.g., I often use my imagination [reverse scored]). Participants respond to each item using a 5-point Likert scale ranging from 1 (This definitely applies) to 5 (This in no way applies). After reverse-scoring half the items, subscale scores are extracted by summing relevant items. High scores on the Identifying, Describing, and Analyzing subscales are indicative of experiencing stronger DIF, DDF, and EOT, respectively; in contrast, low scores on the Emotionalizing and Fantasizing subscales suggest stronger emotional reactivity and more frequent fantasizing. Previous studies support the five-factor structure and psychometric properties of the BVAQ (Berthoz et al., 2000; Vorst and Bermond, 2001). Cronbach alphas for the five subscales of the BVAQ were ≥ 0.711 in the current sample.




3.2 Results

Procedures followed when cleaning and imputing missing data were described in Van Landeghem et al. (2019). Univariate outliers were identified and corrected through winsorizing, and linearity between independent and dependent variables was confirmed. No influential multivariate outliers were identified (Cook’s distance <0.211 for all cases). Based on the standard rule-of-thumb of 10 observations per parameter the sample size provided ample power for the planned mediation analysis.

Descriptive statistics for and zero-order correlations between the study variables are shown in Table 5 (see Supplementary Tables S3, S4 for results for males and females, separately).



TABLE 5 Descriptive statistics and intercorrelations between study 2 variables (N = 600).
[image: Table showing 2-tailed Pearson correlations between subscales of the Bermond-Vorst Alexithymia Questionnaire (BVAQ) and the Interpersonal Reactivity Index (IRI). Variables include BVAQ V, I, A, E, F, and IRI subscales EC, FS, PD, and PT. Values ranging from orange to gold indicate effect sizes, all significant at p ≤ 0.009. Positive correlations appear in BVAQ I with BVAQ V (0.379), and BVAQ A with BVAQ I (0.350) among others.]

We first examined the zero-order Pearson correlations between our personality measures and the four subscales of the IRI (see Table 5). As in Study 1, having an external focus (high Analyzing) was negatively related to scores on the IRI Fantasy, Empathic Concern, and Perspective Taking subscales, and problems with emotional appraisal (high Verbalizing and Identifying) were positively related to IRI Personal Distress scores. Regarding the two putative measures of SPS, we observed that whereas both fantasy proneness (low Fantasizing) and being more emotionally reactive (low Emotionalizing) predicted higher scores on the IRI Fantasy scale (as expected), only reporting greater emotional reactivity predicted higher scores on Empathic Concern and Personal Distress.

To test whether emotional reactivity and/or fantasy proneness mediated the link between Analyzing and IRI Fantasy scores, we ran a mediation analysis using Hayes’ PROCESS model 4. Identifying and Verbalizing scores were included as covariates in this analysis. Full mediation was supported via both Emotionalizing (indirect effect −0.289, Boot SE 0.056, BCI [−0.401, −0.185]) and Fantasizing (indirect effect −0.242, Boot SE 0.048, BCI [−0.343, −0.155]) (see Table 6). The indirect effects were of similar magnitude (indirect effect contrast = −0.047, Boot SE 0.074 [−0.188, 0.097]). After controlling for problems with emotional appraisal, being better able to direct attention inward (low Analyzing) predicted being more reactive (low Emotionalizing) and engaging in more frequent fantasies (low Fantasizing), both of which predicted higher IRI Fantasy scores. In addition to the above, experiencing more problems describing one’s emotions (high Verbalizing) predicted both greater fantasy proneness (low Fantasizing) and lower IRI Fantasy scores when controlling for all other variables.



TABLE 6 Unstandardized effects in tests for mediation of the link between analyzing and IRI fantasy scores.
[image: Table displaying regression analysis results for Emotionalizing, Fantasizing, and IRI Fantasy outcomes. It includes predictors, coefficients, standard errors, confidence intervals, R-squared values, and F-statistics. Bold coefficients indicate significance. Subscales from the Bermond Vorst Alexithymia Scale and Fantasy subscale from the Interpersonal Reactivity Index are used. ***p<0.001.]



3.3 Discussion

Consistent with the results of Study 1, the link between EOT and IRI Fantasy scores was mediated by traits associated with SPS (here, fantasy proneness and emotional reactivity). In particular, we showed that those who have a stronger internal focus (low Analyzing) reported greater fantasy proneness and heightened emotional reactivity, and that both of these variables predicted higher scores on the IRI Fantasy subscale. We speculate that these results are largely driven by the fact that fantasy proneness and experiencing heightened sensitivity to subtle stimuli (including internally generated mental images) are SPS positive traits. We acknowledge, however, that emotional reactivity (as measured by the Emotionalizing subscale) also likely captures SPS negative traits to some degree. We return to this point below.

Mediation via Fantasizing makes sense if highly sensitive individuals who routinely daydream or fantasize in daily life also come to rely primarily on imagery-based strategies to reason and problem solve. In short, they may be more likely to become “visualizers” as opposed to “verbalizers” (Kozhevnikov et al., 2005). This may be why experiencing problems putting one’s feelings into words (high Verbalizing) predicted stronger fantasy proneness (low Fantasizing) in our model. By turning attention inward, strong “visualizers” would be able to maintain images of specific scenarios in an active state in working memory, where they could be combined with information stored in long-term memory to gain a deeper appreciation of the characters’ experiences. The idea that IRI Fantasy scores reflect this type of deep processing (rather than just frequent fantasizing) is consistent with the fact that scores on the IRI Fantasy subscale have been found to correlate with absorption (Wickramasekera and Szlyk, 2003). In other words, they correlate with the tendency to fully engage one’s attention in sensory and imaginative experiences in ways that alter one’s perception, memory, and mood in measurable ways. As suggested by the results of Study 1, this tendency would seem to fall primarily under the SPS positive trait cluster.

Mediation via Emotionalizing is consistent with Davis’s (1983) observation that scores on the IRI Fantasy scale correlate with scores on Mehrabian and Epstein’s (1972) Emotional Empathy Scale, which assesses characteristics such as extreme emotional responsiveness and susceptibility to emotional contagion. McQuarrie et al. (2023) have found such responses to be predicted by scores on both the OS (which loads on the positive SPS factor) and the HSPS (which is more heavily weighted to SPS negative traits), suggesting that high scores on Emotionalizing reflect stronger positive and negative SPS traits. This conclusion gains additional support from the fact that being more reactive (low Emotionalizing) was associated not only with feeling greater concern for others (Empathic Concern) but also greater uneasiness when witnessing others’ suffering (Personal Distress). In contrast to Emotionalizing, high scores on Verbalizing were weakly associated with lower scores on the IRI Fantasy, Empathic Concern, and Perspective Taking subscales, and with higher scores on Personal Distress. This latter observation supports the view that difficulties with emotional appraisal may contribute to problems empathizing with and acting compassionately toward others. Together, these results highlight the importance of considering the relative strength of specific traits linked to alexithymia and SPS when attempting to predict individual differences in a range of empathy-related constructs.

Although (as suggested by Study 1) SPS positive traits may prove to be the stronger mediator of the link between EOT and IRI Fantasy scores overall, we would remind the reader that the group scoring highest on the IRI Fantasy subscale in Study 1 was the group who scored high on both SPS positive and SPS negative traits (quadrant I in Figure 2A). We suspect that a closer examination of individuals’ reactions to specific scenarios might reveal that these individuals would be able to vividly imagine subtle features of the setting or the characters’ reactions. As a result, they might also experience even greater distress or unease than those who only score high on SPS negative traits when processing scenes that have negative valence (e.g., horror or true crime stories). Tentative support for this prediction comes from the facts that people who are good at mental imagery are not only more sensitive to incoming stimuli (Dance et al., 2021), but also exhibit larger fear responses (as indexed by changes in skin conductance) when reading scary stories, compared to those with limited imagery abilities (Wicken et al., 2021).

Jakobson and Rigby (2021) had previously argued that alexithymic individuals with strong EOT and poor fantasizing, and alexithymic individuals with weaker EOT and strong fantasizing, bear some similarities to the Type I and Type II alexithymia subtypes described by Bermond and colleagues (Bermond et al., 2006; Moormann et al., 2008), respectively. However, it is important to emphasize several key differences. Most importantly, Jakobson and Rigby (2021) found that, rather than showing low levels of emotional reactivity (a feature of Type I alexithymia), the group with strong EOT and an impoverished fantasy life tended to score moderately high on the HSPS (which, as noted earlier, is heavily weighted to SPS negative traits). Their responses on the Adolescent/Adult Sensory Profile (Brown and Dunn, 2002) indicated a sensory profile marked by sensitivity to and avoidance of unpleasant stimulation and by a strong tendency to avoid seeking out pleasurable stimulation—characteristics that could contribute to social withdrawal and put them at risk for depression. This group, then, has an alexithymia profile that most closely resembles that described by Preece et al. (2020): one marked by (relatively) high levels of emotional reactivity that disproportionately impacts the processing of negative emotions. In contrast, alexithymic individuals with weaker EOT and stronger fantasizing were sensitive to even subtle internally- and externally-generated stimuli, and were at even higher risk for both depression and anxiety. Based on the present results, we would predict that these individuals might be prone to experiencing intrusive emotional imagery and that they might ruminate on things that have gone wrong when imagining past events or worry excessively about what might happen when imagining the future.




4 General discussion

The results of the two studies reported here expand our understanding of the nature of the overlap between SPS and alexithymia and inform future research exploring the clinical implications of this overlap. In a recent report, Keefer et al. (2019) stated that, although their data supported the view that alexithymic traits are continuously distributed in the population, they “did not rule out the possibility that alexithymia itself may interact with other basic dimensions of personality—such as emotionalizing—to produce qualitatively distinct clinical profiles…[and] that emotionalizing, rather than any particular facet of alexithymia, is the likely linchpin of [Bermond et al.’s (2006)] proposed typology” (p. 371). The findings from a recent subtyping report (Jakobson and Rigby, 2021) and from the present investigation suggest instead that, although negative traits associated with SPS (i.e., heightened reactivity to unpleasant stimuli and situations) is seen in many people with alexithymia (as argued by Preece et al., 2017), it is individual differences in EOT, sensitivity to subtle stimuli, and fantasizing that best distinguish alexithymia subtypes. The fact that there may be two clinically-relevant subtypes of alexithymia that can be distinguished, in part, on the basis of these variables may explain why fantasizing deficits appear to be an inconsistent feature of alexithymia (Preece et al., 2020).

Other authors have reported negative associations between EOT and fantasizing (e.g., Bagby et al., 1994; Tibon et al., 2005; Henry et al., 2006; Taylor and Bagby, 2013), but this is the first study to show that this relationship is mediated by traits linked to SPS. We suggest that turning one’s attention inward could increase the salience of subtle, internally-generated stimuli like mental images (increasing the frequency with which they are recalled) and amplify one’s emotional reactions to imagined events, and that both of these effects might contribute, over time, to the development of a cognitive style characterized by a strong preference to apply imagery-based strategies for reasoning and problem solving. In contrast, we suspect that those who are more externally oriented may rely more on verbal strategies, leading the more dysregulated amongst them to, as Sifneos (1973) observed, “describe endlessly circumstances surrounding an event rather than the feelings [it engenders]” (p. 257). On this point, it is worth noting that the patients featured in Nemiah and Sifneos’ (1970) original report suffered from psychosomatic illnesses. We speculate that these patients, who the authors described as exhibiting problems with emotional appraisal and being externally oriented, likely scored higher on negative than positive SPS traits, overall.



5 Limitations and future directions

A limitation of Study 2 is that we did not assess SPS directly using established tools (e.g., the HSPS and the OS). As such, we could not determine the degree to which the Emotionalizing and Fantasizing subscales of the BVAQ correlate with these measures; this should be done in a future study. Nonetheless, a careful item analysis confirmed that low scores on these two BVAQ subscales do capture key features of SPS that have been described in the literature. This suggests that these two subscales have face validity as measures of SPS traits.

A second limitation of the current research is that we relied exclusively on self-report measures. Future researchers should attempt to obtain both subjective and objective measures of traits associated with alexithymia and SPS. It will be particularly important to conduct more research into the genetic, physiological, and neural bases of these partially heritable traits, and how they interact with environmental factors such as adverse life experiences. Existing self-report measures of alexithymia and SPS should be expanded to capture not only fantasy proneness but variables such as imagery vividness and cognitive style. Alternatively, including the IRI Fantasy subscale or the Object-Spatial Imagery and Verbal Questionnaire (Blazhenkova and Kozhevnikov, 2008) in one’s research protocol might be useful. We feel that gathering this additional information will prove important not only for theory building but also for the development of targeted treatment protocols for individuals suffering from mental health disorders. One could envisage, for example, that an alexithymic client who is a strong visualizer might respond differently than one who is not to training in self-regulatory strategies such as distancing (i.e., imagining that a distressing event happened to someone else or at a different time) or to imagery-based extinction procedures aimed at minimizing phobic responses.

It will be important in the future to conduct studies aimed at exploring the emotional lives of those who report a relatively strong external focus but few problems with emotional appraisal, and low levels of both positive and negative traits linked to SPS (i.e., who fall in quadrant III of Figure 2A). Jakobson and Rigby (2021) suggested that external events may be unlikely to trigger strong emotions in such individuals; as a result, they might show reduced emotional contagion and be less empathetic. In support of this, our current findings suggest that individuals with this profile find it difficult to imagine what characters in narratives might be thinking or feeling. Empathic deficits could increase their risk for certain conditions, such as antisocial personality disorder, clinically significant narcissism, or the grandiose form of subclinical narcissism.



6 Conclusion

Links between alexithymia and SPS have now been highlighted by several groups (e.g., Liss et al., 2008; Rigby et al., 2020; Attary and Ghazizadeh, 2021; Jakobson and Rigby, 2021; McQuarrie et al., 2023). Continuing to explore these links may help to explain some discrepancies in earlier work, offer new insights into individual differences in important cognitive processes such as imagery, and open new avenues of investigation that help refine theories about how emotions are generated, experienced, interpreted, and regulated. It is hoped that this work will also aid in the development of more effective, individualized treatments for mental health problems. The current study contributes to these efforts by offering a possible explanation for mixed findings in past research regarding fantasizing deficits in alexithymia.
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Background: Emotion regulation (ER) has emerged as a significant factor influencing the well-being of individuals with high sensory processing sensitivity (SPS). However, the interaction between SPS and the underlying mechanisms of ER remains largely unexplored.
Objective: This study aimed to (a) identify profiles of SPS and ER competency using a latent profile analysis (LPA), and (b) investigate the ER goals and strategy use among each profile to better understand ER patterns in highly sensitive individuals with lower ER proficiency.
Methods: A total of 813 Chinese college students (mean age = 21.53 ± 2.48; 74.41% female) completed the Highly Sensitive Person Scale, 16-item Difficulties in Emotion Regulation Scale, Emotion Regulation Goals Scale, Emotion Regulation Questionnaire, and the rumination subscale from the Cognitive Emotion Regulation Questionnaire.
Results: The LPA identified three profiles: “Low SPS - High ER Competency” (41%), “Moderate SPS - ER Competency” (41%), and “High SPS - Low ER Competency” (18%). ER goals varied significantly among these groups. The “High SPS - Low ER Competency” group predominantly pursued contra-hedonic goals and impression management goals, while the “Low SPS - High ER Competency” group focused on pro-hedonic goals. In terms of strategies, the “Low SPS - High ER Competency” group mainly used cognitive reappraisal, the “Moderate SPS - ER Competency” group leaned towards suppression, and the “High SPS - Low ER Competency” group preferred rumination and suppression.
Conclusion: These findings indicate that higher SPS combined with lower ER proficiency is linked to an increased pursuit of contra-hedonic goals and impression management goals, and a reliance on response-focused strategies. This pattern offers new insights for developing psychological support strategies for highly sensitive individuals experiencing mental distress.
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1 Introduction

Sensory processing sensitivity (SPS), a personality theory that emerged two decades ago, delineates individual differences in terms of their sensitivity to the environment (Greven et al., 2019). Specifically, the heightened SPS reflects four aspects: deeper information processing, enhanced emotional reactivity and empathy, increased sensory sensitivity, and ease of overstimulation (Greven et al., 2019; Pluess et al., 2023). Although SPS is distinct from psychological disorders, individuals with higher SPS often experience amplified emotional distress. This is evidenced by a meta-analysis study involving 5,326 participants, which identified a significant positive correlation between SPS and negative affect, such as anxiety, depression, and stress in both children and adults. Additionally, high SPS was also related to positive affect in children (Lionetti et al., 2019). Although negative affect linked to SPS does not invariably lead to psychopathology, it may predispose individuals to more severe psychological distress, particularly if maladaptive cognitive responses to the affect occur (Wyller et al., 2017). In the context of SPS, emotion regulation (ER) has emerged as the most studied cognitive process.

ER is defined as individuals’ efforts to manage the type, timing, experience and expression of their emotions (Gross, 1998a). While delving into the role of ER within the relation between SPS and psychological distress, researchers have primarily relied on two models – the multidimensional model (Gratz and Roemer, 2004) and the process model (Gross, 1998a). The multidimensional model proposes six dimensions of ER competency, suggesting that deficits in these dimensions could act as transdiagnostic risk factors for psychopathology (Gratz and Roemer, 2004; Cludius et al., 2020). These competencies include awareness and clarity of emotional responses, acceptance of these responses, the ability to control impulsivity and engage in goal-directed behaviors when experiencing distress, and the adaptation of appropriate ER strategies (Gratz and Roemer, 2004). On the other hand, the process model emphasizes ER as a progression through sequential stages: (1) Identification of the incongruence between an individual’s intended emotional state and the currently experienced state; (2) Selection of regulation strategies; (3) Implementation of a particular strategy by employing tactics; (4) Monitoring the effectiveness of other stages in altering one’s emotional experience towards the desired affective state (McRae and Gross, 2020). Variations or difficulties in individuals’ ER often arise from the selection and implementation of ER strategies, with cognitive reappraisal and expressive suppression being the most commonly investigated strategies in empirical studies (John and Eng, 2014). Cognitive reappraisal, considered as an antecedent-focused strategy, involves altering the emotional impact of an event by reinterpreting its meaning. This strategy is employed before the full emotional response unfolds, aiming to change the initial emotional reaction. In contrast, expressive suppression, a response-focused strategy, involves inhibiting emotional expressions. This approach is typically employed after the emotional response has occurred, targeting the control of outward expressions rather than the internal emotional experience (Gross, 1998a,b).

Research exploring the interaction of SPS and ER has predominantly employed the multidimensional model. This approach, as assessed through the subscales of the Difficulties in Emotion Regulation Scale (DERS; Gratz and Roemer, 2004), revealed that individuals with higher level of SPS tended to be more aware of their emotional states, but at the same time faced significant ER challenges. These challenges included nonacceptance of emotional responses, difficulty in engaging into goal-oriented behavior, impulse control issues, and limited access to diverse ER strategies. Notably, some of these challenges further served as mediators between SPS and negative affect (Brindle et al., 2015). Although no significant relationship was observed between emotional clarity and SPS, clues can be found in the studies of alexithymia — a personality dimension characterized by difficulties in identifying, articulating, and communicating emotions (Taylor et al., 1991). These studies have found a positive correlation between SPS and alexithymia, particularly in the aspects of identifying and describing feelings (Liss et al., 2008; Rigby et al., 2020; Jakobson and Rigby, 2021), implying that a lack of emotional clarity could be a relevant issue among individuals with high SPS. Further investigations into factors such as attachment style revealed that the positive correlation between SPS and ER difficulties, as measured by DERS, was consistent across various attachment styles. This indicated that highly sensitive individuals, even with secure attachment, are less capable of ER compared to their less sensitive counterparts (Montoya-Pérez et al., 2021).

Recent studies have extended the understanding of ER within the context of SPS by focusing on specific ER strategies. A longitudinal study found that SPS measured at age 3 was positively correlated with the use of ruminative strategies at age 9. This correlation was especially pronounced in children exposed to permissive parenting, leading to higher levels of depression at ages 9 and 12 (Lionetti et al., 2022). Furthermore, a cross-sectional study found that participants with higher SPS was more likely to adopt dysfunctional attitudes and suppression strategies, and experienced higher levels of depression, anxiety, and stress, as compared to the low SPS population (Eşkisu et al., 2022). These studies collectively point towards a potential preference for response-focused strategies, such as rumination (persistently thinking of negative emotions; Ragen et al., 2016) and suppression, highlighting a nuanced ER characteristic of sensitive individuals.

Despite the previous studies using different models of ER and consistently finding that ER influences the relationship between SPS and mental distress (Brindle et al., 2015; Eşkisu et al., 2022; Lionetti et al., 2022), there remains a notable gap in the empirical research. To date, investigations have predominantly concentrated on the influencing factors and consequences of ER in the context of SPS, rather than delving into the mechanisms of ER. In particular, the motivations driving individuals with different SPS levels to engage in ER are not well-understood. A promising area of study in this context is the exploration of motivations to regulate emotions, recently conceptualized as emotion goals. These goals refer to the cognitive depiction of specific emotional states that individuals aim to attain (Mauss and Tamir, 2014). In the process model of ER, emotion goals are critical as they initiate the entire regulation process, guide the selection of strategies, and influence the outcomes of ER (Eldesouky and Gross, 2019). Tamir’s taxonomy divided these goals into two primary classes: hedonic goals, focusing on immediate emotional state changes, and instrumental goals, aiming at long-term benefits beyond the immediate emotional experience (Tamir, 2016). Building on this taxonomy, the Emotion Regulation Goals Scale (ERGS) was developed to assess five specific goals relevant to daily life (Eldesouky and English, 2019a). These included pro-hedonic goals (the objective to experience positive emotions), contra-hedonic goals (the objective to experience negative emotions), performance goals (the objective to carry out a particular activity), pro-social goals (the objective to affect social interactions or relationships), and a self-focused social goal named impression management (the objective to present oneself in a specific manner to others).

Expanding on the discussion of ER goals, recent studies have examined how these goals associated with various personality traits, further illuminating the complex dynamics of ER (Ford and Tamir, 2014; Eldesouky and English, 2019a). For example, individuals high in Openness often pursue performance goals, reflecting a strong emphasis on achievement. Neurotic people are more inclined to contra-hedonic goals and impression management goals, possibly due to their heightened perception of the world as threatening and increased sensitivity to negative emotions and rejection (Rolland, 2002; George et al., 2011; Eldesouky and English, 2019a). These ER goals significantly influence the choice of ER strategies. Specifically, contra-hedonic goals and impression management goals were linked to a greater reliance on suppressive and ruminative strategies (response-focused strategies), while pro-hedonic goals were linked to more use of antecedent-focused strategies such as cognitive reappraisal (Eldesouky and English, 2019b; Brandão et al., 2023). This indicates a critical role of personality traits in ER, suggesting that personality shapes an individual’s tendency to regulate emotions towards specific aims and that individuals often prefer emotional states that align with their personality traits.

Although SPS has been associated with deficits in ER competencies and a tendency towards response-focused strategy use, the specific impact of SPS as a personality trait on the mechanisms of ER remains largely unexplored. Inspired by studies on ER goals, the present study sought to explore which emotion goals sensitive individuals prefer and how these goals relate to their strategy use for ER.

Due to the interaction between SPS and early experience (Greven et al., 2019), studies have consistently shown that highly sensitive adults exposed to predominantly positive or negative parenting environments exhibited correspondingly more positive or negative affect (e.g., Aron et al., 2005; Liss et al., 2005). It was also posited that individuals with high SPS, when raised in favorable parenting environments, were likely to develop more adaptive ER patterns compared to those raised in less advantageous environments. However, there has been discrepancy regarding the impact of attachment on the relationship between SPS and ER (Montoya-Pérez et al., 2021; Lionetti et al., 2022).

Given that ER capacities are inherently derived from the interplay between individual predispositions and their social experiences (Thompson and Waters, 2020), the current study opted to utilize latent profile analysis (LPA) to identify homogeneous subgroups of participants characterized by similar types of SPS and ER competencies, rather than by their attachment styles. This approach aimed to elucidate the combination of SPS and ER competencies within individuals, specifically targeting those with specific levels of SPS whose ER are less capable, regardless of their early experiences. Furthermore, we expected to identify a subgroup of sensitive individuals who possessed certain well-developed ER competencies. Subsequently, how these subgroups differ in their desired emotional states and ER strategy use would be further investigated.

Previous studies employing latent class analysis to assess SPS have consistently revealed the existence of subgroups characterized by high, moderate, and low levels of SPS (Lionetti et al., 2018; Pluess et al., 2018). Based on these findings, the current study hypothesized the emergence of at least three distinct profiles reflecting a combination of SPS and ER competencies. Each of these profiles was expected to exhibit unique ER habits, highlighting the diverse ways in which SPS interacts with ER.



2 Methods


2.1 Participants

This present study adopted a voluntary recruitment approach, respondents were 813 Chinese university students. Participants consisted of 208 males and 605 females, aged between 17 and 33 years (M = 21.53, SD = 2.48). The majority of the students were undergraduates (71.34%).



2.2 Procedures

Participants were recruited through online advertisements on major social media platforms in China. The advertisements provided a brief introduction, inclusion criteria, and potential risks of participation (psychological discomfort). Before participating in the survey, all participants were informed about their right to withdraw at any time and were assured of privacy protection. Informed consent was obtained from each participant. In appreciation of their invaluable contributions, the research team promised to provide participants with detailed explanations of the study’s findings upon its completion. All data were collected using Wen Juan Xing, a secure online survey system.



2.3 Measures


2.3.1 Demographic information

Participants provided their demographic information through a self-report questionnaire, which included details such as gender, age, education level, and only-child status.



2.3.2 Sensory processing sensitivity

SPS was assessed using the Highly Sensitive Person Scale (HSPS; Aron and Aron, 1997; Chinese version: Zhang and Zhang, 2023). The Chinese version of the HSPS comprises 27 items, distributed across six factors: emotional reactivity (α = 0.78), low sensory threshold (α = 0.62), ease of excitation (α = 0.76), aesthetic sensitivity (α = 0.65), punishment sensitivity (α = 0.45), and depth of processing (α = 0.62). Respondents rated each item on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). While the Cronbach’s alpha coefficient for the punishment sensitivity subscale did not reach a satisfactory level (Taber, 2018), mirroring the findings reported by Zhang and Zhang (2023) with a coefficient of 0.46, the issue has been acknowledged and addressed by the authors in their discussion. In this study, the Cronbach’s alpha coefficient for the HSPS was 0.86.



2.3.3 Emotion regulation competency

ER competency was assessed using the 16-item version of the DERS (DERS-16; Bjureberg et al., 2016; Chinese version: Wang et al., 2021). The DERS-16 is comprised of five subscales, each reflecting a specific deficit in ER competency: lack of emotional clarity (α = 0.73), difficulties engaging in goal-directed behavior (α = 0.86), impulse control difficulties (α = 0.83), limited access to effective ER strategies (α = 0.84), and nonacceptance of emotional responses (α = 0.73). Respondents rated each item on a 5-point scale ranging from 1 (almost never) to 5 (almost always). In this study, the overall Cronbach’s alpha coefficient for the DERS-16 was 0.92.



2.3.4 Emotion regulation goals

The ER goals were assessed using the ERGS, which was originally developed by Eldesouky and English (2019a). It comprised 18 items and five subscales corresponding to five ER goals: pro-hedonic goals, contra-hedonic goals, performance goals, pro-social goals, and impression management goals. All items were rated on a 7-point scale where 1 = never, 7 = always.

After obtaining consent from the original authors, the research team adapted the scale using a double translation manner (Beaton et al., 2000; Sousa and Rojjanasrirat, 2011). With the goal of maintaining the original dimensions, confirmatory factor analyses were conducted to assess the scale’s validity. The five-factor model encompassing 18 items indicated suboptimal fit due to a low factor loading for the item “To avoid being distracted by how you are feeling” (0.30) in the performance goals subscale (Meyers et al., 2013). Item response theory also suggested low discrimination for this item (α1 = 0.47; Baker and Kim, 2007). Considering similar findings in a previous adaptation study of the ERGS (Brandão et al., 2022), the research team discussed and decided to remove this item. The revised scale presented satisfactory fit indices: χ2/df = 4.66; CFI = 0.93; TLI = 0.91; GFI = 0.93; SRMA = 0.06; RMSEA = 0.07 (Meyers et al., 2013). The Cronbach’s alpha coefficients for each subscale were as follows: pro-hedonic goals (α = 0.75), contra-hedonic goals (α = 0.71), performance goals (α = 0.79), pro-social goals (α = 0.80), and impression management goals (α = 0.81). The Cronbach’s alpha coefficient for the total ERGS was 0.84.



2.3.5 Emotion regulation strategies

Cognitive reappraisal and expressive suppression were assessed using the Emotion Regulation Questionnaire (Gross and John, 2003; Chinese version: Wang et al., 2007). This is a 10-item scale rating on 7-point scale where 1 = strongly disagree, 7 = strongly agree. In the current study, Cronbach’s alpha coefficients were 0.80 for cognitive reappraisal and 0.74 for expressive suppression. Rumination was measured with four items (5-point scale) from the Cognitive Emotion Regulation Questionnaire (Garnefski et al., 2001; Chinese version: Zhu et al., 2007). The Cronbach’s alpha coefficient was 0.73.




2.4 Data analysis

All data collected was initially processed and analyzed in R (version 4.2.2) with R Studio. Mplus (version 8.3) was then used to conduct LPAs to discover participants’ SPS - ER competency profiles.

While conducting LPAs, models with 1–5 profiles were sequentially obtained and their fitness was firstly evaluated based on the following criteria: the Akaike Information Criteria (AIC; Akaike, 1974), the Bayesian Information Criterion (BIC; Schwarz, 1978), and the sample-size-adjusted BIC (SABIC; Sclove, 1987). Models with lower values were considered to have better fitness. Another criterion for fitness was entropy, which ranged from 0 to 1. A value close to 1 indicated higher fitness, and a value above 0.80 was considered acceptable (Muthén, 2004). Likelihood tests, including the Lo–Mendell–Rubin likelihood ratio test (LMR) and the bootstrapped likelihood ratio test (BLRT), were further utilized to compare these models. When the difference between the k-profile model and (k-1)- profile model was significant (p < 0.05), this suggested that the k-profile model was superior (Magidson and Vermunt, 2002).

After identifying the optimal profile model, demographic variables were assessed as covariates using the three-step approach (R3STEP; Asparouhov and Muthén, 2014). This approach accounted for the possibility of misclassifying latent classes caused by the introduction of predictive covariates. Specifically, the covariates included gender (0 = female, 1 = male), age (1 = 17–20 years old, 2 = 21–25 years old, 3 = above 25 years old), and only-child status (0 = only-child, 1 = non-only child). The selection of these covariates was informed by prior studies indicating differences in SPS and ER across these variables (Lionetti, 2020; Wang et al., 2021; Zhang and Zhang, 2023). ER goals and ER strategies, regarded as distal outcomes, were further assessed using the BCH method (Lanza et al., 2013), enabling the examination of how the identified profiles differ in terms of ER habits.




3 Results


3.1 Descriptive analysis

Table 1 displays the means, standard deviations, and intercorrelations among major variables. Regarding SPS, it was positively correlated with all subscales of the DERS. SPS also showed significant positive correlations with most ER goals, except for the pro-hedonic goals. Among the three ER strategies, rumination showed the strongest positive correlation with SPS.



TABLE 1 Descriptive analysis.
[image: A correlation matrix table showing relationships between variables including SPS, IMPULSE, NONACCEPTANCE, CLARITY, GOALS, STRATEGIES, and others. Significant correlations are highlighted with asterisks where one asterisk indicates p<0.05, two asterisks p<0.01, and three asterisks p<0.001. The mean and standard deviation for each variable are listed at the bottom.]

Regarding hedonic goals, distinct correlation patterns were observed. Pro-hedonic goals were positively correlated with cognitive reappraisal, but negatively correlated with expressive suppression and with all subscales of the DERS. In contrast, contra-hedonic goals displayed positive correlations with expressive suppression, rumination, and all DERS subscales, while showing a negative correlation with cognitive reappraisal.



3.2 Latent profile analysis

Table 2 presents the fit statistics for models 1–5 derived from the LPAs. A trend of decreasing AIC, BIC, and SA-BIC values was observed with an increasing number of profiles across these models. Despite the 4-profile model showing the highest entropy, its LMR test result was not significant. Consequently, the 3-profile model was identified as the most optimal, evidenced by a satisfactory entropy value (0.82) and statistically significant LMR and BLRT results (p < 0.05).



TABLE 2 Fit statistics of latent profiles analysis.
[image: Table showing model evaluation metrics for different classes. Metrics include AIC, BIC, SA-BIC, Entropy, LMR p-value, BLRT p-value, and latent class proportion. Five model classes compare their respective values, indicating the fit and statistical significance of each class model.]

In the selected 3-profile model, the first profile comprised participants displaying low levels of SPS scores and deficits in all five ER competencies, hence named the “Low SPS - High ER Competency” group. The second profile, termed the “Moderate SPS - ER Competency” group, consisted of participants with medium levels of both SPS and ER competency scores. The first profile and the second profile each represented 41% of the total sample. The third profile, accounting for 18% of the participants, was identified as the “High SPS - Low ER Competency” group, characterized by a higher SPS level and significant deficits in all ER competencies (see Figure 1).

[image: Line graph illustrating ratings across six categories: SPS, impulse, nonacceptance, clarity, goals, and strategies for three profiles. Profile 1 and Profile 2, each 41%, display similar patterns with high ratings in SPS and a drop in impulse, then a stable trend. Profile 3, 18%, starts high, dips in impulse, and shows a moderate increase across categories.]

FIGURE 1
 SPS - ER competency profiles.




3.3 Demographic covariates of latent profile

Table 3 details the outcomes of the multinomial logistic regression analyses conducted to explore the demographic covariates of the SPS - ER competency profiles. The results indicated that gender and age were significant differentiating factors among these profiles. Specifically, compared to the “Low SPS - High ER Competency” group, male participants were less likely to be classified into the “Moderate SPS - ER Competency” group (OR = 0.62, p < 0.05) and the “High SPS - Low ER Competency” group (OR = 0.48, p < 0.05). However, the direct comparison between the “Moderate SPS - ER Competency” group and the “High SPS - Low ER Competency” group showed no significant gender-based differences in the classification likelihood. The analysis of age differences across these profiles revealed that younger participants were more likely to fall into the “High SPS-Low ER Competency” group, while there were no significant age-related differences between the “Moderate SPS - ER Competency” group and the “Low SPS - High ER Competency” group (OR = 0.91, p > 0.05).



TABLE 3 Covariates of the latent profiles.
[image: Table displaying data on female gender, only-child status, and age across three groups with varying SPS-ER competency levels. Includes values for B, OR, and p across comparisons between these groups. Mean and standard deviation for age are also provided.]



3.4 Distal outcomes of latent profile

Chi-square analyses were conducted to assess differences in ER habits among the three profiles. As shown in Table 4, these profiles demonstrated a range of significant distinctions in all of the ER goals and strategies. In terms of ER goals, the “High SPS - Low ER Competency” group exhibited distinct preferences compared to the “Low SPS - High ER Competency” group across four goals. The “High SPS - Low ER competency” group was more inclined towards contra-hedonic goals, pro-social goals, and impression management goals, whereas the “Low SPS - High ER competency” group demonstrated a greater preference to pro-hedonic goals. Additionally, the “High SPS - Low ER Competency” group differed from the “Moderate SPS - ER Competency” group by showing a greater pursuit of contra-hedonic goals and impression management goals. The “Moderate SPS - ER Competency” group was distinguished from the “Low SPS - High ER Competency” group across four ER goals, showing lesser focus on pro-hedonic goals and performance goals but a higher tendency towards contra-hedonic goals and impression management goals.



TABLE 4 Distal outcomes of the latent profiles.
[image: Table comparing the mean and standard error for outcomes across three groups: P1, P2, and P3. Outcomes include pro-hedonic, contra-hedonic, pro-social, performance, impression management, reappraisal, suppression, and rumination. Pairwise comparisons highlight significant differences: P1 shows higher pro-hedonic and lower contra-hedonic scores than P2 and P3. Performance differs significantly between P1 and P2. Impression management and suppression differ significantly across groups, with notable differences in rumination between P1, P2, and P3. Significance levels are indicated by asterisks. Groups represented by levels of SPS and ER competency.]

Regarding ER strategies, the “High SPS - Low ER Competency” group reported significantly greater use of rumination and lesser use of cognitive reappraisal compared to both the “Low SPS - High ER Competency” group and the “Moderate SPS - ER Competency” group. The “Moderate SPS - ER Competency” group was more likely to employ expressive suppression and rumination than the “Low SPS - High ER Competency” group. Although the “Moderate SPS - ER Competency” group also reported a higher frequency of suppression compared to the “High SPS - Low ER Competency” group, this difference was not statistically significant.




4 Discussion

The present study integrated the multidimensional model and the process model to explore how individual differences in SPS impact their ER. Specifically, we employed LPA to identify distinct profiles of SPS and ER competencies among Chinese college students. We then examined the variations in ER patterns across these profiles through the lens of the process model, with a particular emphasis on ER goals and strategies.

The LPA of SPS and five ER competencies resulted in a three-profile solution: “Low SPS - High ER Competency,” “Moderate SPS and ER Competency,” and “High SPS - Low ER Competency.” This categorization partially aligns with our initial hypothesis and resonates with the work of Lionetti et al. (2018), who classified adults’ SPS into high, medium, and low subtypes.

The first profile, labeled “Low SPS - High ER Competency,” was distinguished by having the lowest SPS scores and the highest levels of ER competencies compared to the other two groups. The second profile, “Moderate SPS - ER Competency,” was characterized by intermediate levels of both SPS and ER competencies. The third profile, “High SPS - Low ER Competency,” exhibited the highest SPS scores but the lowest levels of ER competencies. Among the five ER competencies, impulse control emerged as the strongest competency for both the “Low SPS - High ER Competency” group and the “Moderate SPS - ER Competency” group. In the “High SPS - Low ER Competency” group, emotional clarity was identified as the most proficient competency, but it still remained less developed compared to the proficiency levels in other groups. This observation is consistent with our anticipation, based on the studies on alexithymia, that individuals with high SPS are likely to exhibit lower emotional clarity. Despite these varied strengths, engaging in goal-directed behavior was consistently identified as the least developed ER competency across all three profiles.

Compared to female participants, male participants were more likely to be classified into the “Low SPS - High ER Competency” group. This aligns with previous research showing that Chinese females reported higher level of SPS and greater difficulties with ER than males (Wang et al., 2021; Zhang and Zhang, 2023). However, the lack of significant gender differences between the groups with “Moderate SPS - ER Competency” and “High SPS - Low ER Competency” may introduce different insights into the effects of gender on SPS and ER competency. Specifically, the gender impact appears to diminish when males acknowledge their own sensitivity and ER challenges (Lionetti, 2020).

Furthermore, younger participants were more likely to belong to the “High SPS - Low ER Competency” group, whereas no significant age-related differences were found between the “Moderate SPS - ER Competency” group and the “Low SPS - High ER Competency” group. Given that SPS is a temperament trait rooted in biology (Greven et al., 2019), the observed differences across age groups could be due to the older participants’ progressively improved proficiency in ER competencies and their growing adaptability to their sensitivity (Wang et al., 2021). Future research is needed to investigate the developmental changes in the relationship between SPS and ER throughout the lifespan.

Our results revealed significant distinctions in the preferred ER goals across these three groups. In terms of hedonic goals, the “High SPS - Low ER Competency” group demonstrated a marked preference for contra-hedonic goals, a contrast that is especially notable in comparison with the “Low SPS - High ER Competency” group’s inclination towards pro-hedonic goals. Such preferences could be attributed to the fact that SPS consistently exhibited positive correlations with Neuroticism and Introversion (or low Extraversion; Lionetti et al., 2019; Pluess et al., 2023). Previous studies have shown that Extraversion was positively associated with pro-hedonic goals, while Neuroticism was predictive of contra-hedonic goals (Eldesouky and English, 2019a). Furthermore, the inclination towards contra-hedonic goals also indicates that highly sensitive individuals consciously increase or maintain their negative emotions. Considering their enhanced emotional reactivity, this group may favor contra-hedonic goals as a means to authentically engage with and introspectively process their negative emotional experiences.

The finding that both the “High SPS - Low ER Competency” group and the “Moderate SPS - ER Competency” group did not differ significantly in their pursuit of pro-hedonic goals, while also showing less inclination to pursue positive emotions compared to the “Low SPS - High ER Competency” group, offers an intriguing insight. This observation might be explained by a universal inclination towards seeking happiness and positive states, a tendency that extends across varying levels of sensitivity (Tamir and Millgram, 2017). Another explanation could be the unique combination of heightened Neuroticism and Openness associated with high SPS (Lionetti et al., 2019; Pluess et al., 2023). Openness, in particular, has been linked to a predisposition towards seeking pro-hedonic goals among the student sample, according to Eldesouky and English (2019a). Consequently, individuals with higher levels of SPS may be naturally inclined toward both pro-hedonic goals and contra-hedonic goals in ER, driven by their enhanced emotional experiences and strong valuation of both positive and negative experiences (Greven et al., 2019; Eldesouky and English, 2019a). Furthermore, individuals from the “High SPS - Low ER Competence” group and the “Moderate SPS - ER Competence” group are likely to be more engaged in processing both positive and negative stimuli due to their lower ER competency coupled with higher SPS. Such deep engagement demands significant cognitive and emotional resources, which may, in turn, reduce the motivation for actively seeking additional positive experiences. In contrast, individuals with a “Low SPS - High ER Competency” profile, who exhibit reduced emotional reactivity, are not be as reactive to negative emotions as those with other profiles. Consequently, they may demonstrate a more direct pursuit of pro-hedonic goals.

The distinct emphasis on impression management goals by the “High SPS-Low ER Competency” group, compared to the “Moderate SPS - ER Competency” group and the “Low SPS - High ER Competency” group, presents a notable finding. This tendency may be attributed to the increased emotional reactivity typically seen in individuals with high SPS, along with their acute awareness of social nuances (Greven et al., 2019). These characteristics likely heighten their sensitivity to the reactions and expectations of others, leading to a greater likelihood of engaging in impression management goals aimed at gaining approval and avoiding rejection. Furthermore, this inclination for impression management goals in the “High SPS - Low ER Competency” group may provide insight into the established link between high SPS and social anxiety or shyness in adults (e.g., Aron et al., 2005; Hofmann and Bitran, 2007). The emergence of social anxiety or shyness in this population may arise not only from less pleasant early interpersonal interactions (Aron et al., 2005), but also from their intensified concern about how they are perceived by others. Although not significantly different from the “Moderate SPS - ER Competency” group, the “High SPS - Low ER Competency” group appear to be the one that most actively pursues pro-social goals. This preference may be driven by the heightened empathy and deeper emotional connection that sensitive individuals possess (Greven et al., 2019), which further facilitate their relationships with others.

Distinct preferences in ER strategies were evident among these groups. Participants in the “Low SPS - High ER Competency” group predominantly utilized cognitive reappraisal for ER, showing the least tendency to engage in expressive suppression and rumination. Conversely, individuals in the “High SPS - Low ER Competency” group exhibited a significant tendency to employ rumination, while rarely using cognitive reappraisal. This finding partially aligns with previous research, which reported a negative association between SPS and cognitive reappraisal, particularly in the context of negative affect (Eşkisu et al., 2022). Meanwhile, participants with a “Moderate SPS - ER Competency” profile demonstrated a balanced use of both reappraisal and suppression strategies.

The ER habits observed across these groups support the previously established link between ER goals and strategies (Eldesouky and English, 2019b). Specifically, the “Low SPS - High ER Competency” group, predominantly pursuing pro-hedonic goals, demonstrated a preference for cognitive reappraisal. Conversely, the “High SPS - Low ER Competency” group, which focused more on contra-hedonic goals and impression-management goals, exhibited minimal use of cognitive reappraisal. Given the known association between impression management goals and expressive suppression (Eldesouky and English, 2019b; Brandão et al., 2023), the “High SPS - Low ER Competency” group might be expected to predominantly use expressive suppression. However, it was the “Moderate SPS - ER Competency” group that showed a greater tendency towards expressive suppression, an inclination that did not significantly differ from that observed in the “High SPS - Low ER Competency” group.

Two explanations can be considered for this finding. Firstly, individuals with a “High SPS - Low ER Competency” profile may have been raised in environments that failed to equip them with sufficient ER skills, leading to increased rumination, as previously reported by Lionetti et al. (2022). The second explanation concerns the intensity of emotional stimuli perceived by individuals with varying levels of SPS. Specifically, cognitive reappraisal is more likely to be employed when the emotions requiring regulation are perceived as less intense. This strategy has also been shown to be more effective for managing less intense negative emotions. As a result, the “Low SPS - High ER Competency” group, characterized by their reduced emotional reactivity and the proven efficacy of cognitive reappraisal in their life experiences, may be more inclined to employ this strategy. Conversely, for those more sensitive, the emotions they face are typically of higher intensity, making suppression a more appealing option due to its efficacy in managing such emotions (McRae and Gross, 2020).

Overall, the present study investigated the association between SPS and ER among Chinese college students, uncovering patterns consistent with previous findings across different cultural contexts. In contrast to prior research that predominantly focused on the impact of parental attachment on the relationship between SPS and ER, this study instead classified participants based on their SPS and DERS scores. The aim was to delve into the ER processes of highly sensitive individuals, especially those with lower ER proficiency, by focusing on their ER goals and strategies. The findings indicate that individuals with higher SPS and ER deficits tend to favor contra-hedonic goals and impression management goals, and they rely more on response-focused strategies.

This study has several limitations that should be noted. Firstly, the sample predominantly consisted of female college students, which may affect the generalizability of the results to broader populations. For instance, prior research exploring ER goals has identified distinctions between students and community adults (Eldesouky and English, 2019a). Thus, future research with a more diverse range of participants and consideration of cultural differences will be necessary. Secondly, the study only focused on three specific ER strategies, two of which were response-focused. To better reflect the variety of strategies people use in real-life situations, future research should incorporate a wider range of antecedent-focused strategies. Lastly, our reliance on cross-sectional self-report measures presents a limitation. Such measures may not accurately capture the dynamic nature of emotion-related constructs as they fluctuate in daily life. To gain a deeper and more accurate understanding of the relationship between SPS and ER, future research could benefit from employing methodologies such as daily diary methods or experimental designs.
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Sensory Processing Sensitivity (SPS) is a temperament trait rooted in biology, and is distinguished by heightened awareness, emotional responsiveness, and sensitivity to environmental stimuli. In this study, we aimed to enable the assessment of SPS within Spanish-speaking populations. To achieve this, we translated, adapted, and validated the Sensory Processing Sensitivity Questionnaire (SPSQ), which offers a comprehensive evaluation of SPS, encompassing both positive and negative aspects of the trait. Participants were 1,004 (844 females, mean age 37) mainly from Chile (964), and 40 were from other Spanish-speaking regions. Confirmatory factor analysis, utilizing the diagonally weighted least squares method, was applied to validate the internal structure of the Spanish version of the SPSQ (S-SPSQ). Fit indices such as GFI, CFI, TLI, RMSEA, and SRMR were scrutinized. Reliability assessment utilized Cronbach’s alpha and McDonald’s Omega. Three models were examined: Model I (six factors) displayed robustness, Model II (six factors plus a general factor) did not show substantive improvement, and Model III (Higher Order and Bifactor) excelled in fit while balancing complexity and representation, thus validating the findings of the original SPSQ and indicating similar reliability coefficients. The study offers a balanced perspective on SPS and contributes to cross-cultural validation of an SPS instrument which may facilitate research and guide personalized therapeutic interventions, thus enhancing outcomes for highly sensitive persons.

Keywords
 psychology; highly sensitive person; sensory processing sensitivity; aesthetic sensitivity; SPSQ


1 Introduction

Sensory Processing Sensitivity (SPS) is a biologically-based trait that is associated with enhanced awareness of and responsiveness to stimuli in the environment (Acevedo et al., 2018). Research suggests that behaviourally, SPS is characterized by greater caution and inhibition in response to novel stimuli which appears in approximately 20% of humans (Lionetti et al., 2019) and in more than 100+ animal species (Wolf et al., 2008). From an ethological perspective, SPS may be a factor associated with greater adaptation, given that a greater sensitivity and responsiveness to the environment and social stimuli may provide evolutionary advantages (Gearhart and Bodie, 2012; Acevedo et al., 2014).

In 1991, psychologist Elaine Aron introduced the theory of SPS, coining the term the “Highly Sensitive Person” (HSP) to describe a unique group of individuals with high SPS (Aron, 1997). HSPs are characterized by several key features including: (a) heightened awareness and responsiveness to environmental stimuli, (b) deep information processing, (c) heightened emotional reactivity to certain stimuli, and (d) an awareness of subtle details in the environment (Jagiellowicz et al., 2011; Aron and Aron, 2016). The 27-item HSP Scale developed by Aron and Aron (1997) is widely used in studies examining high sensitivity, and it has been shown to be unidimensional, and have satisfactory reliability and validity (Aron et al., 2012). While the HSP Scale is widely used in SPS research it tends to show high associations with negative affectivity (sometimes called neuroticism). It has been suggested that this may be due to the over-sampling of negative items with the HSP Scale (Acevedo, 2024).

Numerous studies have shown some of the positive outcomes associated with SPS, such as openness to experience (Aron, 1997), aesthetic sensitivity (Bröhl et al., 2020; Bröhl and Schury, 2020; De Gucht et al., 2022), resilience (Golonka and Gulla, 2021), and positive responsivity to interventions (for review see Greven et al., 2019). Studies have also found that high sensory sensitivity is associated with negative outcomes such as negative mood states (Amemiya et al., 2020), stress (Ermer and Dunn, 1998; Benham, 2006; Greven et al., 2019; Bas et al., 2021), burnout syndrome (Golonka and Gulla, 2021), propensity to experience nightmares (Carr et al., 2021), introversion and inhibition (Aron et al., 2010, 2012; Listou Grimen and Diseth, 2016), anxiety (Bordarie et al., 2022), shyness and depression (Aron et al., 2012; Karaca Dinç et al., 2021), seasonal depression (Hjordt and Stenbæk, 2019), obsessive-compulsive disorder (Holm et al., 2019), and autism symptoms (Liss et al., 2008). As such, a considerable body of work suggests that there are diverse outcomes associated with SPS.

Also, several psychometric studies have contributed to a deeper understanding of SPS, revealing its complexity and robustness (Carlson and Doyle, 2002). For example, the research by Smolewska et al. (2006) was the first to identify three underlying SPS dimensions: ease of excitation (EOE), low sensory threshold (LST), and aesthetic sensitivity (AES). AES is characterized by a strong interest in art, an intense emotional appreciation of beauty, and a notable creative potential (Smolewska et al., 2006; Bröhl and Schury, 2020; Bröhl et al., 2020; Khosravani et al., 2021; De Gucht et al., 2022). EOE is the tendency to be responsive to both negative and positive stimuli, and has been found to be positively correlated with anxiety and depression (Liss et al., 2005; Bakker and Moulding, 2012). Also, both EOE and LST (which is the tendency to become aroused by low levels of a stimulus) were found to be significantly associated with avoidant personality disorder (Meyer and Carver, 2000) and social phobia (Neal et al., 2002). These studies found that the three dimensions of SPS were more stable than a unifactorial solution of SPS.

Other studies, such as those by Evans D. E. and Rothbart (2007), Evans D.E. and Rothbart (2009), and Evans and Rothbart (2008), have also found a non-unifactorial structure for SPS. In a study with 297 university students, Evans D. E. and Rothbart (2007) and Evans D.E. and Rothbart (2009) conducted a confirmatory factor analysis using the maximum likelihood method. The study found a two-factor model for SPS comprising sensory sensitivity and sensory discomfort. Their findings indicated that the two dimensions were not correlated and suggested that the HSP Scale primarily consisted of items reflecting distinct constructs of negative affect and orienting sensitivity. Similar results were found by Ershova and Berezina (2018), Lionetti et al. (2018) and Lionetti et al. (2019) measuring SPS with the HSP Scale, and finding a bi-factor structure.

Studies of SPS conducted in diverse cultural contexts also provide support for a multidimensional factor structure of the HSP Scale (Aron, 1997; Smolewska et al., 2006; Evans D. E. and Rothbart, 2007; Sadoughi et al., 2007; Evers et al., 2008; Evans D.E. and Rothbart, 2009; Listou Grimen and Diseth, 2016; Ershova et al., 2018; Lionetti et al., 2018; 2019; Khosravani et al., 2021). For example, Sadoughi et al. (2007) found a three-factor structure for the HSP scale in a sample of Iranian university students. Khosravani et al. (2021), using the Persian version of the HSP Scale (consisting of 25 items), also found a three-factor structure for the HSP Scale, consisting of AES, sensory overstimulation, and LST—similar to that found by Smolewska et al. (2006). Evers et al. (2008) and Listou Grimen and Diseth (2016) found that versions of the HSP Scale with 13 and 18 items showed three factors and demonstrated adequate reliability. Chacón et al. (2021) conducted a study with 8,358 participants, adapting and validating the HSP Scale in Spanish, while also examining its psychometric properties. Using factor analyses the study confirmed a Spanish version of the 27-item HSP Scale and found five dimensions: sensitivity to overstimulation (SOS), aesthetic sensitivity (AES), low sensory threshold (LST), fine psychophysiological discrimination (FPD), and harm avoidance (HA). The five-factor structure demonstrated invariance across gender, and the reliability indices indicated good internal consistency. Konrad and Herzberg (2019) also found a multidimensional structure of the HSP Scale among a German general population sample. Montoya-Pérez et al. (2019) who also made an adaptation to Spanish, but specifically for the Mexican population, and also found a multidimensional structure of the HSP Scale. Also, a study by Chacón et al. (2021) among a Spanish population also found support for a multidimensional structure of the HSP Scale. Bordarie et al. (2022) validated and investigated the psychometric properties of a French version of the HSP Scale and also found a multidimensional structure. The short, Polish version of the HSP Scale (Baryła-Matejczuk et al., 2023) also found evidence of a multidimensional structure. Lionetti et al. (2024) validated the psychometric properties of a short version of the HSP Scale (HSP-12) for the United Kingdom and Italy with multiple samples of adults (N = 4,459). De Gucht et al. (2023) among a Dutch sample found that a bifactor model, consisting of one overall factor and three separate factors, provided the best fit to the data for each sample. The three distinct factors, which encompassed various dimensions of SPS were Ease of Arousal, Sensory and Aesthetic Sensitivity, and Low Sensory Threshold. In sum, these studies suggest the presence of a multidimensional structure of SPS, supporting varying phenotypes of one overall SPS trait (e.g., Aron and Aron, 1997; Bolders et al., 2017).

Additionally, and irrespective of the scale used, there are numerous psychometric studies of SPS that have been conducted globally in recent years to establish the construct validity of SPS. The adaptations have varied in the number of items used, typically ranging from 10 (e.g., Limura et al., 2022) to 60 items (e.g., De Gucht et al., 2022). The validation samples have included diverse populations with sample sizes ranging from approximately 150 individuals to 10,800. The HSP Scale has also been adapted and validated for youth (e.g., ages 6–19 years). Also, research by Costa-López et al. (2022) and Flores et al. (2023), among others, focused on Spanish samples.

While the HSP scale is widely used, it has limitations, including its bias toward negative aspects of the SPS trait. Thus, in the present study, we utilized the Sensory Processing Sensitivity Questionnaire (SPSQ)—which has six dimensions that measure both the positive and negative aspects of high sensitivity (De Gucht et al., 2022)—to capture the underlying structure of SPS among a Spanish-speaking sample. To achieve this objective, we translated and adapted the SPSQ for an adult Spanish-speaking population in Chile and other Spanish-speaking countries. The second aim of this study was to examine the psychometric properties of the adapted SPSQ, including its factor structure and reliability, within a Spanish speaking sample. By pursuing these objectives, we aimed to confirm the validity and reliability of the Spanish SPSQ (S-SPSQ) in a Spanish-speaking adult population. To meet these objectives, a team of experts first translated and adapted the SPSQ following guidelines by Hambleton and Patsula (1998) and Hambleton and Li (2005). Then, we conducted a pilot study of the S-SPSQ with an online sample to obtain feedback. We then modified the S-SPSQ according to the feedback and investigated the factor structure of the final S-SPSQ testing three different models: Model I, with six specific factors; Model II, a bifactor model incorporating a general factor; and Model III, combining a higher-order model and a bifactorial model.



2 Materials and methods


2.1 Procedure

The initial phase of the research project involved obtaining approval from both the university and the institutional ethics committees. First, we translated and adapted the SPSQ (De Gucht et al., 2022) to Spanish following the guidelines of Hambleton and Patsula (1998) and Hambleton and Li (2005). The adaptation and translation into Spanish were conducted by a team of four bilingual experts who participated in all stages of the process.

Subsequently, a pilot test of the S-SPSQ was conducted with 88 university students who volunteered to participate in the study through the university’s internal communication channels. The participants were provided with a Google form that included an informed consent and the S-SPSQ. They were given the opportunity to provide feedback on any ambiguous items.

The main study was carried out between April and December 2022, following a procedure like the pilot phase. Participants provided informed consent and an online application was utilized for survey completion with an expected completion time of 10–15 min.



2.2 Participants

The participants were 1,004 individuals (844 females and 160 males) from Chile and other Spanish-speaking countries, with a mean age of 36.9 years (SD = 12.41, range 18–85 years). Nine-hundred and sixty-four were of Chilean nationality (with 712 residing in the metropolitan region and 252 in other regions of Chile). Forty participants were residing abroad, specifically in Argentina, Colombia, Mexico, Spain, and Uruguay. Regarding education, the sample included 119 (11.85%) university technicians, 507 (50.50%) university students, and 318 (37.45%) individuals with postgraduate education. A small proportion, 0.20%, did not provide information about their educational background.



2.3 Linguistic validation

The translation and adaptation process of the SPSQ (De Gucht et al., 2022) followed the guidelines of Hambleton and Patsula (1998) and Hambleton and Li (2005). The initial translation of the 60 items into Spanish was conducted by two English language professionals, a translator, and an English language teacher, both native Spanish speakers. Neither of the translators were affiliated with the research team and were impartial to the study’s outcomes. Any semantic discrepancies between the translators were resolved in collaboration with the research team. Subsequently, a reverse translation was performed with the assistance of two other bilingual translators (English–Spanish) who are native English speakers. Based on their feedback, two of the 60 items were reformulated. The first team of translators then conducted a third translation, incorporating the reformulations of the observed item. The resulting version was evaluated by a focus group consisting of 12 volunteers over 18 years of age. The focus group assessed readability and content, providing positive feedback without identifying any readability or comprehension issues in any of the items. This process resulted in the first 60-item Spanish version of the SPSQ (S-SPSQ).



2.4 Instrument

The SPSQ by De Gucht et al. (2022) is a self-report instrument designed to measure the degree of high sensitivity in adults. It consists of 60 items with Likert-type responses ranging from 1 (not at all) to 7 (extremely). In the study conducted by De Gucht et al. (2022), a higher order bifactor model was confirmed, consisting of two higher order factors that represent positive and negative dimensions of SPS. In addition, 6 dimensions were identified as follows: (1) Sensory Sensitivity to Subtle Internal and External Stimuli (SIES)(+); (2) Emotional and Physiological Reactivity (EPR)(−); (3) Sensory Discomfort (SD)(−); (4) Sensory Comfort (SC)(+); (5) Socio-Affective Sensitivity (SAS)(+); and (6) Aesthetic Sensitivity (AS)(+).

The questionnaire designed by De Gucht et al. (2022) had factor loadings with significant magnitudes greater than 0.4, as shown by confirmatory factor analysis. Cronbach’s αs were adequate for each of the factors between (α = 0.75–0.90), except for Sensory Comfort (α = 0.62). The positive dimension of the SPSQ (SIES, SC, SAS, AS) and the negative dimension of the (EPR and SD) presented good reliability (α = 0.90–0.93), and the fit indices obtained for this instrument (CFI = 0.985, SRMR = 0.057, and RMSEA = 0.067) indicated a good model fit. The invariance of the SPSQ between sociodemographic groups was verified. When considering sociodemographic groups, no significant change in model fit was observed when restricting loadings and then intercepts. In each case, the changes in CFI, SRMR and RMSEA did not exceed the criteria proposed by Chen (2007).



2.5 Data analysis

The main aim of our study was to confirm the latent structure of the S-SPSQ through three separate instances of confirmatory factor analysis (CFA). In the first instance, a first-order CFA model was fit, consisting of the factors AS = Aesthetic Sensitivity, SAS = Social-Affective Sensitivity, SIES = Sensory Sensitivity to Subtle Internal and External Stimuli, SC = Sensory Comfort/Pleasure, EPR = Emotional and Physiological Reactivity, and SD = Sensory Discomfort. In this structure, the factors were allowed to correlate, as their original configuration is based on an oblique rotation. Second, a bifactor model was fit to investigate whether the latent structure of the SPSQ suggested a general SPS factor, along with the specific factors identified in the previous objective. In this case, the factors were orthogonal. In the third instance, a higher-order bifactor model was fit, consisting of the items of the bifactor model plus two higher-order positive (POS) and negative (NEG) dimensions of SPS. In sum, in our exploration of the translated and adapted version of SPSQ for Spanish-speaking persons, three models were contrasted: Model I, with six specific factors; Model II, a bifactor model incorporating a general factor; and Model III, combining a higher-order model and a bifactorial model. The results indicated that Model III outperformed the others in fit, achieving an optimal balance between complexity and detailed representation of sensory sensitivity.

It is important to note that the Likert scaling employed in the SPSQ assumes a continuous latent structure, even though the observed data are measured at an ordinal level (Muthén and Kaplan, 1985). Consequently, robust methods based on weighted least squares (WLS) were implemented (Mair and Wilcox, 2020). The parameters of the Confirmatory Factor Analysis (CFA) model were estimated using the diagonally weighted least squares (DWLS) method, with the first indicator of each factor set to 1, as recommended by Muthén et al. (1997) and Sun (2005). To evaluate the fit between the proposed model and empirical data, various indices have been employed, including the Goodness-of-Fit Index (GFI), Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR), Comparative Fit Index (CFI), and Tucker-Lewis Index (TLI), as advocated in the literature (Tucker and Lewis, 1973; Schreiber et al., 2006) (refer to Table 1 for details).



TABLE 1 Cutoff criterial for several fit indexes.
[image: Table listing indexes for model fit with shorthand and general acceptance rules. Comparative fit index (CFI) and Tucker-Lewis index (TLI) need values of 0.95 or higher. Goodness of fit index (GFI) also requires 0.95 or higher. Standardized root mean square residual (SRMR) should be 0.08 or lower. Root mean square error of approximation (RMSEA) should be below 0.05 or 0.08. Sources: Schermelleh-Engel et al. (2003) and Schreiber et al. (2006).]

The alpha index serves as an estimate of the total score reliability, assuming a single construct for all questionnaire items. Nevertheless, it relies on certain assumptions: (1) the factor model is well-specified (indicating a unidimensional questionnaire), (2) factor loadings of the items are equal (essential tau-equivalence), and (3) errors are independent across items. Deviations from essential tau-equivalence can introduce significant bias to alpha reliability estimates, particularly when items exhibit both positive and negative loadings in the factor. Moreover, the omega index assesses the reliability of the model factor(s) by adjusting the essential tau-equivalence approach to a congeneric approach with fewer restrictive assumptions. Omega is robust to variations in factor loadings within a factor and remains unaffected by biases in item distributions. This unique characteristic enables omegas to effectively address the limitations inherent in Cronbach’s alpha, as explained in Flora (2020). Therefore, our analytical strategy adopts McDonald’s omega coefficient, instead of the coefficient alpha used by De Gucht et al. (2022) in the original SPSQ.

The reliability assessment employed the McDonald’s Omega coefficient (ω), which offers more precise estimates compared to Cronbach’s alpha, as it is based on factor loadings derived from the matrix of polychoric correlations (Revelle and Zinbarg, 2009). This coefficient was calculated for all factors within each model. To evaluate the relationships between items and factors, the sign, magnitude, confidence interval, and statistical significance of the loadings were inspected. Confidence intervals were obtained using a bootstrap adjusted bias-corrected method, with a total of 500 bootstrap samples. The statistical data were performed using Jamovi version 2.3 and/or R version 4.1.2 (Jorgensen et al., 2019).



2.6 Ethics considerations

The study adhered to ethical guidelines as outlined in the Declaration of Helsinki. The research protocol received approval from the Universidad Central de Chile’s Faculty of Health, Research Institute, and Ethics Committee (Project identification code 120/2022). To ensure confidentiality, consent forms and instruments were collected separately.

Ethical considerations were based on the principles set forth by the World Medical Association (2013) and the Code of Ethics of the Colegio de Psicólogos de Chile (1987), and the recommended ethical guidelines for research involving human participants. The research group declared no conflicts of interest. Participants were fully informed about the study objectives and assured of anonymity and data protection. Additionally, the participants were provided the opportunity to provide feedback upon completion of the study. A contact platform, including a Google Forms link and email contact with the project director, was made available for this purpose.




3 Results

The proposed model comprised a first-order latent structure consisting of six individual factors. In the initial analysis, we examined the standardized factor loadings [image: Greek letter lambda with subscripts i and j.] as an integral component of the theoretical model. The loadings indicate the extent to which the latent factor i is associated with item j, and the squared value [image: The image shows a mathematical expression with the Greek letter lambda (λ) raised to the power of two as a superscript, followed by subscripts i and j.] represents the variance of item j explained by latent factor i. Adequate factor loadings are considered to be those with confidence intervals [image: Confidence interval notation for \(\lambda_{ij}\) at a 95% confidence level.] that do not include zero, indicating positive lower and upper limits (Aldas and Uriel, 2017).

Model I was formed by a first-order latent structure grouped into six individual factors. Factor loadings (standardized) were found with an average magnitude equal to 0.688 and a range that varied between 0.395 and 0.947, except for item 6 (“I cannot enjoy the little things in life”) which obtained a loading of λ = −0.169, accounting for the smallest absolute loading, and is considered an atypical result. To avoid biases in the statistical indices of goodness-of-fit and reliability, this item was omitted from the analysis.

Model II comprised a first-order latent structure with six specific factors and a general factor. It assumed the six factors identified by De Gucht et al. (2022) and the removal of item 6 from the Comfort/Sensory Pleasure (SC) factor and from the general factor (g). The standardized loadings were all positive, with an average magnitude of 0.479, and a range varying from 0.082 to 0.798.

Model III consisted of a higher-order bifactor latent structure comprising: six specific factors, one general factor, and two secondary factors (a positive and a negative one). Notably, item 6 was not included in the factor arrangement for Sensory Comfort/Pleasure (SC), the general factor (g), or the second-order positive dimension.

The standardized loadings were predominantly positive and significant. However, exceptions were noted with items 26 and 30, both of which belong to the g factor, exhibiting non-significant standardized loadings with 95% confidence intervals encompassing zero. On average, the magnitude was 0.493, ranging from −0.062 to 0.888.


3.1 Descriptive and inferential analysis: scale performance

Below, we present the descriptive statistics for the standardized factor loadings of each factor in Models I, II and III including the mean, minimum, maximum, and range of variation.


3.1.1 Model I

	• Sensory Discomfort (SD): the mean factor loading is 0.805, with a minimum value of 0.556 and a maximum of 0.947, resulting in a range of variation of 0.391.
	• Aesthetic Sensitivity (AS): the mean factor loading is 0.717, with a minimum value of 0.626 and a maximum of 0.779, yielding a range of variation of 0.153.
	• Social Affective Sensitivity (SAS): The mean factor loading is 0.686, with a minimum value of 0.510 and a maximum of 0.848, resulting in a range of variation of 0.338.
	• Emotional and Physiological Reactivity (EPR): The mean factor loading is 0.667, with a minimum value of 0.510 and a maximum of 0.835, leading to a range of variation of 0.157.
	• Sensory Sensitivity to External Subtle Stimuli (SIES): The mean factor loading is 0.625, with a minimum of 0.532 and a maximum of 0.691, resulting in a range of variation of 0.159.
	• Sensory Comfort/Pleasure (SC): This factor exhibits the lowest loadings, with a mean of 0.577, a minimum of 0.395, and a maximum of 0.872, reflecting the highest range of variation at 0.477.

It is noteworthy that the estimated factor loadings are significantly different from zero (p < 0.05), and the bootstrap CI method ([image: The image shows the Greek letter lambda with subscript i and j.]; 95%) has estimated the lower and upper limits of the confidential interval with positive values. Consequently, these findings underscore the substantial contribution of the items to the variability of the constituent factors within the model (Table 2).



TABLE 2 Estimations of factor loadings for model I.
[image: Table showing estimated factor loadings for Model 1, consisting of six factors: aesthetic sensitivity (AS), social-affective sensitivity (SAS), sensory sensitivity to subtle internal and external stimuli (SIES), sensory comfort/pleasure (SC), emotional and physiological reactivity (EPR), and sensory discomfort (SD). Each factor includes multiple indicators with columns for their estimate, standardized estimate, confidence interval (CI) lower and upper limits, and p-value. Correlations among factors are based on oblique rotation.]



3.1.2 Model II

• Sensory Discomfort (SD): the mean factor loading is 0.622, with a minimum value of 0.486 and a maximum of 0.798, resulting in a range of variation of 0.312.

• Aesthetic Sensitivity (AS): the mean factor loading is 0.367, with a minimum value of 0.082 and a maximum of 0.613, leading to a range of variation of 0.531.

• Social Affective Sensitivity (SAS): the mean factor loading is 0.441, with a minimum value of 0.246 and a maximum of 0.601, resulting in a range of variation of 0.355.

• Emotional and Physiological Reactivity (EPR): the mean factor loading is 0.528, with a minimum value of 0.212 and a maximum of 0.713, yielding a range of variation of 0.501.

	• Sensory Sensitivity to External Subtle Stimuli (SIES): the mean factor loading is 0.295, with a minimum of 0.090 and a maximum of 0.449, leading to a range of variation of 0.359.
	• Sensory Comfort/Pleasure (SC): this factor exhibits a mean loading of 0.522, a minimum of 0.373, and a maximum of 0.593, resulting in a range of variation of 0.220.
	• General Factor (g): the mean loading is 0.481, with a minimum of 0.154 and a maximum of 0.664, resulting in a range of variation of 0.510.

The estimated factor loadings are significantly different from zero (p < 0.05), and the bootstrap CI method ([image: The image shows the Greek letter lambda with subscripts i and j.]; 95%) has calculated the lower and upper limits of the confidential interval with positive values. The items also significantly contribute to the variability of the constituent factors of the model. However, noteworthy is the observed substantial decrease in the performance of the S-SPSQ concerning Model I (see Table 3).



TABLE 3 Estimations of factor loadings for model II.
[image: A detailed table displaying estimated factor loadings for a model comprising six factors: aesthetic sensitivity (AS), social-affective sensitivity (SAS), sensory sensitivity to subtle internal and external stimuli (SIES), sensory comfort/pleasure (SC), emotional and physiological reactivity (EPR), and sensory discomfort (SD), along with one general factor (g). Columns include Indicator, Estimate, Standard Estimate, Confidence Interval (CI) 95% Lower and Upper limits, and P-value. The data is presented in a structured format, with all factors noted as orthogonal.]



3.1.3 Model III

• Sensory Discomfort (SD): the factor exhibits loadings with an average magnitude of 0.586, ranging from 0.426 to 0.796 across all its items.

	• Aesthetic Sensitivity (AS): this factor displays loadings with an average magnitude of 0.567, ranging from 0.485 to 0.698.
	• Social Affective Sensitivity (SAS): the factor reveals loadings with an average magnitude of 0.567, ranging from 0.360 to 0.694.
	• Emotional and Physiological Reactivity (EPR): this factor demonstrates loadings with an average magnitude of 0.512, ranging from 0.145 to 0.726.
	• Sensory Sensitivity to External Subtle Stimuli (SIES): the factor presents mean loadings of 0.412, ranging from 0.302 to 0.542.
	• Sensory Comfort/Pleasure (SC): standardized loadings for this factor have an average magnitude of 0.607, ranging from 0.556 to 0.652.
	• General Factor (g): the general factor displays loadings of average magnitude equal to 0.415, ranging from −0.022 to 0.696, with items 26 and 30 showing non-significant loadings (p < 0.05).

The bootstrap CI method ([image: The image shows the Greek letter lambda, denoted by the symbol λ, followed by the subscript "i j".]; 95%) calculation estimated the lower and upper limits of the confidential intervals with positive values, except for items 26 and 30. Therefore, all items, except the 26th and 30th items, significantly contribute to the variability of the model’s constituent factors. Regarding the POS and NEG dimensions, their factor loadings are positive and significant (Table 4).



TABLE 4 Estimations of factor loadings for model III.
[image: A table displays estimated factor loadings with six factors labeled: AS, SAS, SIES, SD, EPR, and SC. The columns include Indicator, Estimate, Standard Estimate, Lower and Upper bounds of the Standard Estimate 95% Confidence Interval, and p-value. Indicators range from i1 to i59. All p-values are less than 0.05. The footer describes the factors: AS as aesthetic sensitivity, SAS as social-affective sensitivity, SIES as sensory sensitivity to subtle stimuli, SC as sensory comfort/pleasure, EPR as emotional reactivity, SD as sensory discomfort, with POS and NEG as higher-order factors.]




3.2 Confirmatory factorial analysis

Theoretical models can be conceptualized as a set of hypotheses constrained to a specific domain of phenomena, primarily designed for explanatory purposes. Typically, these hypotheses are derived from fully or partially developed theories or empirical generalizations, forming a structured framework of relationships that can be tested and compared against empirical facts to validate the theoretical model (Hu and Bentler, 1999). Covariances serve as statistical metrics that summarize the relationships between two or more variables comprising the phenomenon. Calculated from a dataset, covariances help reveal the extent to which variables (or more) co-vary, indicating the strength and direction of their relationship. Additionally, they provide insight into how the theory predicts these relationships (Brown, 2015). Model validation occurs when it is confirmed that the observed relationships between variables align with theoretical expectations. The null hypothesis posits that the theoretically implied covariance matrix is equal to the observed covariance matrix, signifying a perfect fit. To assess the disparity between expected and observed values, an adjustment function is employed. This function gauges the extent to which the matrix of theoretically implied covariances aligns with the matrix of observed covariances. Small discrepancies between the matrices may not provide sufficient evidence to challenge the fit between the proposed theoretical model and observed relationships (Aldas and Uriel, 2017).

Model I, using confirmatory factor analysis (CFA), demonstrated a Goodness of Fit Index (GFI) of 0.977. This suggests that 97.7% of the observed variances and covariances are accounted for by the variance–covariance matrix estimated by the model. According to Ruiz et al. (2010) and Schreiber et al. (2006), a GFI ≥ 0.950 is considered indicative of acceptable fit. The Root Mean Square Error of Approximation (RMSEA) was recorded at 0.075, accompanied by a 95% confidence interval ranging from 0.073 to 0.077 (see Table 1).

The Standardized Root Mean Square Residual (SRMR) index, registering a value of 0.070, gauges the distinctions between the implied and empirical variance–covariance matrices. According to Schreiber et al. (2006), a value of 0.08 or below is considered acceptable. Additionally, computed indices encompass a Comparative Fit Index (CFI) of 0.968 and a Tucker-Lewis Index (TLI) of 0.966. Consistent with the criteria outlined by Ruiz et al. (2010) and Schreiber et al. (2006), a CFI and TLI value of 0.95 or higher signifies an adequate fit. Consequently, the model exhibited a satisfactory fit to the sample data, affirming the first-order latent structure comprising six individual factors (see Table 5).



TABLE 5 Fit indices in the compared models.
[image: Table comparing three models with different factor structures. Model I (six factors) shows GFI 0.977, RMSEA 0.075, SRMR 0.070, CFI 0.968, TLI 0.966. Model II (bifactor) has GFI 0.957, RMSEA 0.973, SRMR 0.084, CFI 0.079, TLI 0.961. Model III (higher-order bifactor) displays GFI 0.984, RMSEA 0.988, SRMR 0.051, CFI 0.051, TLI 0.986.]

The second analysis (Model II) assessed the fit of the CFA model. The obtained GFI index of 0.973 indicated that 97.3% of the observed variances and covariances were explained by the variance–covariance matrix estimated by the model. The SRMR value of 0.079 gauges the extent of disparity between the implied and empirical variance–covariance matrices, with smaller SRMR values indicating a superior fit. Schreiber et al. (2006) proposed that values below 0.08 are acceptable. Additionally, the CFI value was 0.961, and the TLI value was 0.957; according to Ruiz et al. (2010), an acceptable fit is achieved when CFI and TLI values are equal to or greater than 0.95. Finally, the RMSEA index was 0.084, with a 95% bootstrap confidence interval ranging from 0.082 to 0.086. This suggests a noticeable incongruence between the observed and expected outcomes (refer to Table 1). Therefore, the model comprising a first-order latent structure with six individual factors and a general factor did not adequately fit the sample data because at least one of the fit criteria were not met (see Table 1).

Finally, the fit indices of the higher-order bifactor model (Model III) yield a GFI index of 0.988, indicating that 98.8% of the observed variances and covariances were explained by the variance–covariance matrix estimated by the model. The SRMR value of 0.051 estimates the disparity between the implied and empirical variance–covariance matrices. Additionally, the CFI value was 0.986, and the TLI value was 0.984. Finally, the RMSEA index was 0.051, with a 95% bootstrap confidence interval ranging from 0.049 to 0.053. Thus, the model comprising a latent structure of six individual factors, one general factor, and two higher-order dimensions (Model III) adequately fit the sample data (see Table 6. Values in reference to Table 1).



TABLE 6 Descriptive statistics of the standardized factor loadings in the compared models.
[image: Table comparing three models for various factors. For each model, details include mean loading, minimum loading, maximum loading, and range of variation. Factors listed are Sensory Discomfort, Aesthetic Sensitivity, Social Affective Sensitivity, Emotional and Physiological Reactivity, Sensory Sensitivity to External Subtle Stimuli, Sensory Comfort/Pleasure, and General Factor. Model I shows higher maximum loadings compared to Models II and III across most factors. Model III displays the widest range of variation for Emotional and Physiological Reactivity and General Factor.]



3.3 Reliability

A further analysis of Model I focused on examining the reliability of the constituent factors of the S-SPSQ. Test reliability refers to the accuracy with which a test measures a specific psychological trait. The reliability coefficients (McDonald’s [image: Please upload the image you want described, and I'll help generate the alternate text for it.] for the S-SPSQ factors ranged from good to excellent ([image: Greek letter omega with a subscript number one.] ∈ [0.752–0.916]), except for the Sensory Comfort/Pleasure (SC) factor, which exhibited a lower value of 0.700 (0.581) (Campo-Arias and Oviedo, 2008). The following provides a breakdown of the reliability of each factor: the Sensory Discomfort (SD) factor is composed of eight items and obtained a reliability coefficient of [image: The image shows the Greek letter omega, denoted as \(\omega_1\), with a subscript "1".] = 0.916. The Aesthetic Sensitivity (AS) factor comprised of five items obtained a reliability coefficient of [image: Greek letter omega with a subscript one.] = 0.799. The Social Affective Sensitivity (SAS) factor, which is composed of eight items, yielded a reliability coefficient of [image: The image shows the Greek letter omega, lowercase, with a subscript one.] = 0.844. The Emotional and Physiological Reactivity (EPR) factor, which consists of 11 items, obtained a reliability coefficient of [image: Greek letter omega with a subscript one.] = 0.874. The Sensory Sensitivity to External Subtle Stimuli (SIES) factor that contains six items yielded a reliability coefficient of [image: Lowercase Greek letter omega with a subscript of one.] = 0.752. Finally, the Sensory Comfort/Pleasure (SC) factor, which is composed of four items, obtained a reliability coefficient of [image: Mathematical notation of the lowercase Greek letter omega with a subscript one.] = 0.581. The average ordinal reliability coefficient [image: Greek lowercase letter omega with a subscript one.] for the six factors in the questionnaire is 0.794.

The reliability indices obtained for Model III were good. The average inter-factor reliability of the model was 0.787 varying between 0.700 and 0.904 except for the Sensory Sensitivity to External Subtle Stimuli (SIES) factor, which exhibited a lower value of 0.553. Disaggregating by factor we have that: Sensory Discomfort (SD), composed of eight items, obtained a reliability of 0.812; Aesthetic Sensitivity (AS), which contains five items, obtained a reliability of 0.719; Social Affective Sensitivity (SAS), which is composed of eight items, obtained a reliability of 0.794; the Emotional and Physiological Reactivity (EPR) factor, composed of 11 items, obtained a reliability of 0.805; Sensory Sensitivity to Subtle External Stimuli (SIES), composed of six items, obtained a reliability of 0.553, the Sensory Comfort/Pleasure (SC) factor, composed of four items, obtained a reliability of 0.700, and the General Factor, composed of 42 items, obtained a reliability of 0.900. The reliability of the positive dimension (SIES, SC, SAS, and AS) and the negative dimension (EPR and SD), as well as the General Factor (g) of the S-SPSQ were satisfactory [image: Greek letter omega, subscript three, in a small font size.] ∈ {0.893, 0.904}, (Table 7).



TABLE 7 Reliability indices in the compared models.
[image: Table showing reliability coefficients for various latent variables across different metrics. Columns include Cronbach’s Alpha, Omega Unidimensional, Omega Hierarchical, and Omega Higher-order Bifactor. Latent variables listed are AS, SAS, SIES, SD, EPR, SC, g, POS, and NEG. Values range from 0.469 to 0.937, with explanations for each coefficient type beneath the table.]



3.4 Comparison of the models

By incorporating a general factor (g) to the existing six individual factors and two higher order dimensions, the comparative fit index (CFI) increased by 0.018, the SRMR decreased by 0.019, and the RMSEA decreased by 0.024. To determine whether there was a reliable difference in fit between models I and III, the thresholds of |∆ CFI|, |∆ SRMR| and |∆ RMSEA| > 0.01 were chosen as markers of a difference in fit between the two models under study (Chen, 2007). Based on this criterion, it can be concluded that the model with latent structure of six factors, one general factor and two higher order dimensions provided a better fit to the data compared to the six-factor-only model and the six-factor plus one general factor model (Table 8).



TABLE 8 Fit indices in the compared models.
[image: Table comparing three models: "6 factors CFA" with CFI 0.968, SRMR 0.070, RMSEA 0.075 (CI 0.073–0.077); "bifactor" with CFI 0.961, SRMR 0.079, RMSEA 0.084 (CI 0.082–0.086); and "higher-order bifactor" with CFI 0.986, SRMR 0.051, RMSEA 0.051 (CI 0.049–0.053).]




4 Discussion

The main purpose of this study was to translate, adapt, and validate the Sensory Processing Sensitivity Questionnaire (SPSQ) for Spanish speakers. The research encompassed a series of studies that established a comprehensive model for the S-SPSQ, including six factors and a bi-factor Structure (six factor plus a general a factor). Additionally, a higher-order bifactor model, incorporating positive and negative factors was analyzed. The findings revealed general similarities with De Gucht et al.’s (2022) original measure, including significant positive loadings and consistency in goodness-of-fit indices between the studies.

Expanding on De Gucht et al.’s (2022) research, who used Cronbach’s alpha for internal consistency assessment, the present study employed McDonald’s omega coefficients which offers some advantages, such as providing a more accurate estimation of observed score reliability, accommodating tau-equivalent and congeneric measures, and offering a clearer representation of systematic variance proportion in the scale (Flora, 2020). Furthermore, omega coefficients offer insights into the hierarchical structure of latent factors, enhancing the understanding of multidimensional contexts, aligning with contemporary methodological advancements.

When comparing the three individual models—Model I (Six-Factor Structure), Model II (Bi-factor Structure), and Model III (Higher Order and Bifactor Structure)— the third model demonstrated exceptional fit, with higher order factors indicating improved representation of sensory sensitivity. Thus, Model III emerged as the strongest option for instrument adaptation and validation, in line with De Gucht et al.’s (2022) original findings [CFI = 0.986, SRMR = 0.051, RMSEA (95% CI) = 0.051(0.049–0.053)]. While Model II introduced a general factor, it did not substantially improve fit. In contrast, Model III, with higher order factors, struck a balance between model complexity and improved representation of sensory sensitivity. Most factors demonstrated acceptable levels of reliability, although the SIES factor showed lower reliability (ω = 0.469 in Model II and 0.553 in Model III), suggesting a cautious interpretation. The omega, based on less strict assumptions and adjusted to CFA characteristics, confirmed the alpha reliability results obtained by SPSQ validation.

In sum, Model III demonstrated superior fit and reliability in both studies regarding internal structure. However, one discrepancy was that De Gucht et al. (2022) found the SC (sensory comfort/pleasure) to have the lowest reliability, while we found the SIES (sensitivity to subtle internal and external stimuli) to have the lowest reliability. Future research might further investigate the reliability of factors using both alpha and omega coefficients to get a deeper understanding of both factors to conclude their relevance in the SPSQ structure.

To conclude, the SPSQ and S-SPSQ represent an advancement in SPS measurement, transitioning from unifactorial models of high sensitivity using the HSP scale (Aron and Aron, 1997) to bifactorial models (Evans D. E. and Rothbart, 2007; 2008; 2009; Ershova et al., 2018; Rinn et al., 2018; Lionetti et al., 2019), and additionally herein incorporating a more complex multidimensional model that considers both the positive and negative related aspects of high sensitivity. Despite notable contributions from models and adaptations based on three factors (Smolewska et al., 2006) (AES, LST, and EOE factors), the SPSQ seems appropriate for examining the complexity of SPS. The integration of various positive and negative dimensions allows a more comprehensive conceptualization and assessment of SPS, leading to a deeper understanding of individual differences arising from the SPS trait.



5 Limitations

Although the current study’s sample size was smaller than those of previous studies, the results of the current research align with those obtained in the work conducted by De Gucht et al. (2022), demonstrating consistency in the findings and supporting the reliability of the results. Additionally, further analyses on concurrent validity, predictive validity, and work investigating correlations between SPS and personality traits and health outcomes related to SPS, would complement the current investigation. It is also important to conduct studies on item and trait parameter invariance to ensure comparability across different age groups and demographic backgrounds.

Considering these limitations, it is noteworthy that our sample size exhibited sufficient power within the Chilean population to provide significant results. This lends support for the study’s robustness, as evidenced by its adherence to the requisite statistical criteria. The findings of this study, consistent with those reported by De Gucht et al. (2022), provide support for the validity and reliability of the adapted SPSQ as a valuable tool for measuring SPS in Spanish-speaking persons. Future research should address these limitations and explore further applications of the SPSQ in diverse cultural contexts and populations to advance our understanding of SPS and its implications for individuals’ well-being and psychological functioning.

In line with other studies (Smolewska et al., 2006; Ershova et al., 2018; Khosravani et al., 2021; Costa-López et al., 2022; De Gucht et al., 2022), there was a significant gender imbalance in our study, with a considerably higher proportion of female participants (844 female participants representing 83% of the sample). This discrepancy raises potential questions related to gender disparities in psychological studies broadly speaking, and the assessment of SPS as evidenced by previous research (Montoya-Pérez et al., 2019). Studies have consistently shown a higher participation of women compared to men, raising questions about whether the factor structure of high sensitivity applies equally to both genders (Visnes et al., 2022). In the present study, results might be susceptible to influences from prevailing female social stereotypes. The gender imbalance observed in participant representation herein and in other studies of SPS calls for a critical examination of potential gender biases influencing sensitivity research. Thus, future studies might prioritize achieving a more balanced representation of gender to attain a comprehensive understanding of SPS.

Considering the significance of this adaptation and validation process, future research should also aim to extend the application of the SPSQ and explore its psychometric properties in other cultural contexts and populations. Continued investigation will advance the field and foster a more nuanced and accurate comprehension of high sensitivity.



6 Conclusion

The outcomes of the present study suggest that the S-SPSQ is a valuable tool for assessing SPS among Spanish-speaking individuals. Unlike traditional approaches that primarily focus on the challenges associated with sensitivity, the SPSQ and S-SPSQ provide a more balanced perspective by considering both positive and negative aspects. This holistic approach enhances the evaluation of SPS’s impact on psychological well-being and informs therapeutic interventions that emphasize the positive facets of sensitivity. This shift in perspective promotes resilience and adaptive coping strategies.

The S-SPSQ contributes to a greater understanding of SPS, suggesting a nuanced perspective of the trait, with one general factor, a six-factor structure, and a factor capturing both positive and negative dimensions of SPS. Thus, this study provides a comprehensive view of individual differences in high sensitivity. It also paves the way for future research and applications in mental health and clinical psychology. For example, the S-SPSQ might be used in clinical practice, allowing clinicians to identify specific sensory dimensions, that are troublesome for the highly sensitive individual, guiding a personalized therapeutic approach. In sum, the S-SPSQ expands on previous work increasing our understanding of SPS and providing a tool that might be utilized to better understand SPS and enhance outcomes for highly sensitive persons.
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Exploring the effect of environmental sensitivity on emotional fluctuations among adolescents during the COVID-19 pandemic: a three-wave longitudinal study

Mirella Dragone1, Alessandra Colella2, Concetta Esposito2 and Dario Bacchini2*


1Faculty of Law, Giustino Fortunato University, Benevento, Italy

2Department of Humanities, University of Naples “Federico II”, Naples, Italy

Edited by
 Francesca Lionetti, University of Studies G. d’Annunzio Chieti and Pescara, Italy

Reviewed by
 Massimiliano Pastore, University of Padua, Italy
 Monika Baryła-Matejczuk, WSEI University, Poland

*Correspondence
 Dario Bacchini, dario.bacchini@unina.it 

Received 03 June 2024
 Accepted 11 July 2024
 Published 22 July 2024

Citation
 Dragone M, Colella A, Esposito C and Bacchini D (2024) Exploring the effect of environmental sensitivity on emotional fluctuations among adolescents during the COVID-19 pandemic: a three-wave longitudinal study. Front. Psychol. 15:1443054. doi: 10.3389/fpsyg.2024.1443054
 




Introduction: The COVID-19 pandemic significantly impacted the emotional well-being of adolescents worldwide. Some studies suggested that individuals with high Environmental Sensitivity may have been more likely to experience poor psychological adjustment during the pandemic than those with lower sensitivity. However, there is still limited research on how emotional responses varied across different stages of the pandemic and whether Environmental Sensitivity increased adolescents’ vulnerability to the psychological impact of prolonged pandemic restrictions.
Methods: To address this gap, this study used a three-year longitudinal design (2020–2022) with a sample of 453 adolescents. They completed an online survey measuring their positive and negative emotions throughout the pandemic period, with Environmental Sensitivity considered a time-invariant covariate.
Results: The results revealed that all participants, regardless of their level of Environmental Sensitivity, experienced a decrease in positive emotionality between the first and second years. However, this trend reversed, showing an increase between the second and third years. Regarding negative emotions, highly sensitive adolescents experienced a significant linear increase over time. In contrast, low-and medium-sensitive adolescents exhibited a quadratic trend, with a notable increase in negative emotions between the first and second years, followed by a slight decrease between the second and third years.
Discussion: These findings provide further evidence of the negative impact of the pandemic on adolescents’ emotional well-being. They also support the notion that Environmental Sensitivity is associated with individuals’ ability to respond and adjust to adverse life events, with significant implications for future research and practice.
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1 Introduction

The outbreak of the novel coronavirus disease (COVID-19) raised a global impact worldwide, leading to a mental health crisis for all populations (Arora et al., 2022). The home-confinement and social distancing measures implemented to prevent the spread of the virus have had a significant impact on people’s daily routines, becoming a potentially stressful life event, especially for adolescents (Rogers et al., 2021). Adolescents experienced high and stable rates of COVID-19 life disruption over the course of the pandemic, albeit with some differences across cultural contexts (Rothenberg et al., 2024). Their regular activities, such as attending school, socializing with friends, and participating in recreational activities, have been suddenly disrupted. This disruption occurred during a crucial period of development, marked by rapid physical, emotional, and cognitive changes. Experiences during this period lay the foundation for adult identity and behavior (Imran et al., 2020; Grusec and Davidov, 2021) and disruptions that occurred during the pandemic might have potentially interfered with the acquisition of crucial skills like independence, forming peer relationships, and future planning (Sarkadi et al., 2021; Carey et al., 2023). Research has shown that adolescents have exhibited signs of irritability, likely influenced by increased parental involvement limiting privacy and alone time (Hasking et al., 2021). Additionally, high levels of stress have been reported, likely as a result of concerns about safety and education during the pandemic, particularly with the sudden shift to online learning (Hasking et al., 2021). Physical distancing has also led to increased loneliness, potentially due to concerns about maintaining social connections as before (Ellis et al., 2020). These daily-life challenges, together with the greater propensity of adolescents to experience more intense emotions, with higher frequency and volatility (Bailen et al., 2019) may have put them at risk for poor physical and mental health during the pandemic, leading to anxiety disorders, depression, and suicidal behavior (Meherali et al., 2021; Saulle et al., 2022; Elharake et al., 2023; Panchal et al., 2023).

However, it is worth noting that the effects of the pandemic on individuals were not homogeneous, as individuals’ reactions to it varied. Several studies have shown that individual differences played a role in how people responded to the COVID-19 pandemic (Zettler et al., 2022). Therefore, the roles of interindividual differences in people’s cognitive, emotional, and behavioral responses to the pandemic have been and remain subject to intensive exploration. For instance, some studies have shown that individuals with high levels of neuroticism were more worried about COVID-19 and experienced greater stress during the pandemic (Aschwanden et al., 2021; Liu et al., 2021). Additionally, Modersitzki et al. (2021) found that facets of extraversion, neuroticism, and openness were among the strongest and most important predictors of negative psychological outcomes, even after controlling for gender and age.

This study aims to investigate how Environmental Sensitivity (ES), which refers to differences among individuals in how they perceive and process environmental stimuli (Pluess, 2015), related to adolescents’ emotional experiences during the pandemic. Although research has explored the effects of ES on individuals who have experienced childhood adversities (Karam et al., 2019; May et al., 2024), there remains a gap in understanding its impact on adolescents in stressful and emergency situations. To date, very few studies (Bordarie et al., 2022; Güneş and Bulut, 2022; Lionetti et al., 2023) have explored the role of ES in capturing individual differences in adapting to the challenges associated with the COVID-19 pandemic, with a limited focus on adolescents (Burgard et al., 2022; Iimura, 2022). This study aims to delve into the emotional experience of highly sensitive individuals in times of crisis, with the goal of gaining insights into how they navigate environmental stressors.


1.1 COVID-19 pandemic and adolescents’ emotional well-being

Numerous studies have examined the impact of the pandemic on the psychological well-being of adolescents, and all have concurred on the rise of emotional difficulties among children and adolescents following the pandemic outbreak and spread. Zhou et al. (2020) conducted one of the earliest studies on the effects of the pandemic on adolescent mental health, with Chinese participants aged 12 to 18. The study reported a high incidence of depressive symptoms (43%), anxiety (37%), and a combination of both (31%). Similarly, Wang et al. (2020) found that roughly 30% of participants showed symptoms related to anxiety, while 17% displayed symptoms related to depression. These findings are consistent with conclusions drawn from other studies in China (Duan et al., 2020; Ma et al., 2023) as well as from various regions around the world (see for review, Elharake et al., 2023; Panchal et al., 2023). Additionally, several studies have found that girls and older adolescents tended to struggle more with emotional issues, reporting a higher risk of experiencing negative emotions such as anger and sadness (Schwartz et al., 2021; Strasser et al., 2023), and problems such as depression and stress, compared to boys and younger adolescents, respectively (Magson et al., 2021; Schwartz et al., 2021; Kauhanen et al., 2023; Morales-Vives et al., 2024).

Despite the increasing number of longitudinal studies, there is still a lack of understanding of how emotional issues have developed during and after the pandemic emergency, especially among adolescents, and whether adolescents have recovered from the challenges posed by the pandemic. Some of these longitudinal studies have compared pre-pandemic well-being with well-being during the pandemic. In a systematic review conducted by Kauhanen et al. (2023) of 21 studies published until October 2020, including more than 96,000 subjects up to 24 years of age before and during the COVID-19 pandemic, the authors found a longitudinal deterioration in symptoms for different mental health outcomes in adolescents and young people. Research conducted by Shoshani and Kor (2022) examined the impact of the COVID-19 pandemic on children and adolescents’ mental health and subjective well-being in Israel. The study analyzed data from the beginning of 2019 until the end of 2020, revealing concerning findings. Specifically, the results showed higher levels of general distress and an increase in internalizing disorders such as anxiety and depression, as well as panic symptoms, compared to the pre-pandemic period. Additionally, participants reported a decrease in positive emotions, lower life satisfaction, and reduced peer support compared to the time before the virus spread and quarantine measures were implemented. Two reviews from German cohort studies in 2020 described an average doubling of anxiety (21, 26%) and depression (25, 29%) during the pandemic compared to the pre-pandemic period (Vogel et al., 2021; Schlack et al., 2023).

Other studies have investigated the trajectories of adolescent well-being at different points during the pandemic. Asscheman et al. (2021) conducted a daily diary study examining mood fluctuations during the first four weeks of the pandemic (April–June 2020) and found relatively stable mood levels in early adolescents in the Netherlands. This finding partially aligns with a study by Orgilés et al. (2022), which assessed children and adolescents in Italy, Spain, and Portugal during an eight-week period at the onset of the pandemic. The study revealed that Portuguese children, who adhered to a general duty of home confinement, adapted best to the situation with no significant changes over time, while Italian participants were more psychologically affected by home confinement. Surprisingly, Spanish children exhibited a significant decrease in anxiety symptoms by the last assessment. As the authors argued, these variations could be explained by the differing levels of restrictive measures implemented in each country. Minihan et al. (2024) conducted a study at three-month intervals between May 2020 (T1) and April 2021 (T3), involving a sample of over 3,000 participants aged from 11 to 100 years. The study found that younger age was linked to more frequent use of maladaptive emotion regulation strategies. This, in turn, was associated with more negative affect at T3, controlling for the negative affect at T1. The study by Foster et al. (2023) revealed that COVID-19-related stress during the lockdown period in 2020 predicted subsequent symptoms of anxiety and depression in adolescents during the summer of 2021. Further studies generally confirm this trend (e.g., Polack et al., 2021; Houghton et al., 2022).

To our knowledge, there is only one study that has tracked the course of psychological adjustment in children and adolescents throughout the pandemic until nearly the end of the crisis (Ravens-Sieberer et al., 2023). In their large five-wave longitudinal study conducted from January 2020 to September–October 2022 in Germany with children and adolescents aged 7 to 17 years (known as the COSPY study), Ravens-Sieberer et al. (2023) found that after two years of pandemic-related deterioration in child and adolescent mental health, there was finally an improvement in 2022. More in detail, there were slight improvements in autumn 2021, but progress leveled out in winter 2021/22. As the authors stated, these improvements in mental health could be attributed to an ongoing adaptation process during the past pandemic years, such as increasing resilience, the resumption of normal social, physical, and entertainment activities due to fewer restrictions, the availability of vaccinations making disease courses less severe, and the fact that most children coped well with the COVID-19 infection itself.

Overall, the literature emphasizes the need for more research into how adolescents’ emotional responses changed during the different stages of the COVID-19 pandemic. It also suggests exploring the potential differential impact on various groups based on individual differences, which has not been thoroughly addressed so far. Taking individual differences into account may provide valuable insights into effectively supporting their coping mechanisms against the emotional challenges they encounter.



1.2 Environmental sensitivity and psychological adjustment

Based on empirical evidence and theoretical reasoning, individuals may differ in their response to environmental influences, with a minority of the population, around 25–30% of individuals (Lionetti et al., 2018; Pluess et al., 2018) being highly sensitive to the quality of their environment, for better and for worse (Greven et al., 2019; Pluess et al., 2023). Such individual differences in sensitivity to environmental influences could be captured by the temperamental trait of Environmental Sensitivity, an umbrella term encompassing theories that explain individual differences in the ability to register and process environmental stimuli (Pluess, 2015; Pluess et al., 2023). This concept is rooted in three primary theoretical frameworks: Sensory Processing Sensitivity Theory (Aron and Aron, 1997), Differential Susceptibility Theory (Belsky, 1997; Belsky and Pluess, 2009), and Biological Sensitivity to Context Theory (Boyce and Ellis, 2005). These frameworks have been integrated into a comprehensive Environmental Sensitivity meta-framework from the perspective of developmental psychology (Pluess, 2015).

Individuals with heightened Environmental Sensitivity possess a more sensitive central nervous system, characterized by specific brain region activation (Acevedo et al., 2014) that facilitates deeper processing of sensory input (Aron et al., 2012; Greven et al., 2019). Consequently, they tend to exhibit heightened awareness of environmental information and engage in more complex and thorough processing compared to individuals with lower sensitivity levels. This affects the way they plan, think, and learn and makes them more susceptible to the quality of their surroundings, which in turn affects their overall development.

This heightened sensitivity has been conceptualized within several theoretical frameworks, including the diathesis-stress model, which posits that highly sensitive individuals are more vulnerable to adverse experiences (Belsky and Pluess, 2009); the differential susceptibility theory, which suggests that sensitivity operates as a susceptibility factor, making individuals not only more likely to be adversely affected by negative environments but also to benefit more from supportive ones (Belsky and Pluess, 2009; Ellis and Boyce, 2011; Belsky, 2013); and vantage sensitivity, which highlights the tendency of highly sensitive individuals to benefit from particularly positive experiences (Pluess and Belsky, 2013; de Villiers et al., 2018).

Investigations into Environmental Sensitivity within the general population have linked it to various mental health and behavioral consequences, such as reduced subjective happiness (e.g., Sobocko and Zelenski, 2015), heightened stress levels (e.g., Bakker and Moulding, 2012), and less effective coping mechanisms for stress (e.g., Brindle et al., 2015). Conversely, research evidencing the bright side of Environmental Sensitivity, where individuals benefit disproportionately from positive experiences, is still scarce (Greven et al., 2019).

Overall, there is limited research on psychological adjustment to stressful situations within the Environmental Sensitivity meta-framework, particularly among adolescents, as most studies focus on childhood (Greven et al., 2019). Among the few existing studies involving adolescents, Karam et al. (2019) analyzed the impact of childhood adversities and war exposure on Post-Traumatic Stress Disorder (PTSD) symptoms in young Syrian refugees aged 7–17 years. The findings revealed that the effects of the Syrian war on PTSD were most pronounced in children with high sensitivity and low childhood adversities and least pronounced in children with low sensitivity and low childhood adversities. These results indicate that Environmental Sensitivity plays a crucial role in moderating PTSD symptoms, particularly in the absence of other chronic adverse developmental conditions, such as unsupportive family environments. Additionally, Rubaltelli et al. (2018) found that after viewing terrorism-related images, highly sensitive individuals (university students) were more willing to compromise their privacy compared to those in neutral experimental conditions. Conversely, among less sensitive individuals, no significant difference was observed. These findings support the notion that individuals with higher Environmental Sensitivity perceive a higher level of threat when exposed to images depicting terrorist attacks due to their deeper processing of sensory information and heightened emotional and behavioral reactivity triggered by such exposure (Aron et al., 2012).

Furthermore, in their retrospective study, Di Paola et al. (2023) examined in a sample of Italian young adults aged from 18 to 30 years the interplay between individual differences in Environmental Sensitivity and resilient contexts defined as social and family support in buffering the impact of childhood experiences of neglect on adulthood relational well-being. The authors found that highly sensitive individuals who experienced childhood emotional neglect were more affected by the benefit of a resilient context, increasing their level of relational well-being as compared to low-sensitive adults.

Drawing from these findings and consistent with previous empirical evidence highlighting that highly sensitive individuals show a stronger emotional/physiological reactivity and a feeling of overstimulation in response to excessive demands from the environmental context (Aron and Aron, 1997; Aron et al., 2012), it is possible that the COVID-19 pandemic, as a large-scale stressor, could have resulted in adaptation difficulties and psychological distress, especially for highly sensitive individuals. Additionally, with the relaxation of pandemic restrictions and the changing circumstances, there is an opportunity to explore how highly sensitive adolescents have benefited from the more positive experiences following the peak of the pandemic.



1.3 Environmental sensitivity and COVID-19 pandemic

So far, only a small number of studies have explored the role of Environmental Sensitivity in the context of the COVID-19 pandemic (Bordarie et al., 2022; Güneş and Bulut, 2022; Lionetti et al., 2023; Van Landeghem and Jakobson, 2024), with a limited focus on adolescents (Burgard et al., 2022; Iimura, 2022). Overall, such studies provided evidence that the dispositional trait of Environmental Sensitivity might capture individual differences in response to the environment during the COVID-19 pandemic. Van Landeghem and Jakobson (2024) investigated the impact of several personality traits and childhood emotional abuse on symptoms of anxiety and depression among university students during the pandemic. They found that all these variables were associated with feeling more negatively impacted by the COVID-19 pandemic in daily life. Notably, they demonstrated for the first time that sensory processing sensitivity was the most significant personality trait in explaining individual differences in perceived COVID-19 impacts and that females felt these impacts more strongly compared to males. This finding aligns with and supports previous research by Güneş and Bulut (2022) and Bordarie et al. (2022), who found a significant effect of sensory processing sensitivity on the perceived impact of COVID-19 on health anxiety and general anxiety/depression disorders and quality of life, respectively.

In addition, in a longitudinal study with a sample of school-aged children, Lionetti et al. (2023) explored the interplay between parenting quality and Environmental Sensitivity on children’s behavioral adjustment during and immediately after, the COVID-19 lockdown restrictions. They found that highly sensitive children, who were more at risk of internalizing problems before the COVID-19 outbreak, showed lower levels of internalizing behaviors compared to pre-COVID-19 in the presence of a highly supportive parent–child relationship.

To the best of our knowledge, only two studies have explored the role of Environmental Sensitivity in adolescence. Burgard et al. (2022) used a cross-sectional design to examine a sample of children and adolescents aged 9 to 18 years during the first lockdown in the Netherlands. They found that sensory processing sensitivity was associated both directly and indirectly—through the perceived impact of COVID-19—with higher internalizing problems, such as depression and anxiety. Similarly, in a cross-sectional study with a sample of older adolescents and young adults from Japan, Iimura (2022) observed that those with high sensory processing sensitivity experienced elevated levels of stress related to COVID-19 in older adolescents and young adults.

Taken together, these findings suggest that variations in Environmental Sensitivity could have served as a vulnerability factor during the COVID-19 pandemic, particularly influencing negative emotionality. However, there is no research investigating how Environmental Sensitivity influenced adolescents’ emotional well-being when conditions improved. This emphasizes the need to study the impact of Environmental Sensitivity during adolescence across different stages of the pandemic.



1.4 The present study

The COVID-19 pandemic has had a significant impact on Italy, with notably high rates of positive cases and mortality in 2020 (Villani et al., 2020). In response to the crisis, the Italian government implemented two national lockdowns (March–May 2020 and October–November 2020) and a three-tiered system of restrictions based on transmission rates and impact on older age groups and healthcare. These measures led to an unusual and prolonged period of stress, especially impacting the lives of children and adolescents, which in turn affected their quality of life and overall well-being (Nocentini et al., 2021; Barbieri et al., 2023; Bonvino et al., 2023).

This context is particularly concerning given that adolescence is a period characterized by volatile emotional states and heightened sensitivity to social and emotional changes, largely due to pubertal maturation (Steinberg, 2005). In general, it is widely recognized that adolescents undergo greater fluctuations in both positive and negative emotions compared to children and adults, with emotional reactivity peaking during mid-adolescence (Larson et al., 2002). Additionally, there is a general trend across adolescence of increased negative emotions and decreased positive emotions (Bailen et al., 2019).

However, the impact of the COVID-19 pandemic on these developmental patterns has been little explored, with existing studies being predominantly cross-sectional. For instance, Strasser et al. (2023) conducted a study with a large sample of students from kindergarten to 12th grade in North Chile, collecting data in 2020. They found that high school and female students exhibited more negative emotions compared to middle school and male students, respectively. In another study, Calma-Birling and Zelazo (2022) performed two network analysis studies on two different samples of high school and college students in the U.S., each at a different time during the pandemic. The aim of the study was to explore risk and resilience factors associated with students’ negative and positive emotions during the first year of the COVID-19 pandemic. They found that concern about conflict with parents was the pandemic-related concern most strongly connected to negative affect, while self-compassion was most strongly connected to positive affect. Descriptively, high levels of negative affect were reported during 2020, with a slight and significant decrease in 2021. Conversely, positive affect mean values showed a significant slight increase over time.

Despite these findings, there is still limited research on how emotional responses varied across different stages of the pandemic and whether Environmental Sensitivity made adolescents more vulnerable to the psychological impact of prolonged pandemic restrictions. This study aims to address these gaps by examining the impact of the COVID-19 pandemic on fluctuations of positive and negative emotions in a sample of Italian adolescents. Additionally, it will use the Environmental Sensitivity theoretical framework to predict how adolescents responded during the pandemic. Furthermore, the role of gender and age was explored.

Based on the literature and research goals, the following hypotheses are posited:


H1: Adolescents are expected to show a complex pattern of positive emotions throughout the different phases of the COVID-19 pandemic. Initially, positive emotions may decrease during the start of pandemic-related restrictions and lockdowns (T1-T2). Then, as these restrictions ease and the pandemic conditions improve, positive emotions may stabilize or slightly increase (T3).
H2: Similarly, negative emotions among adolescents are anticipated to follow a multifaceted pattern over time. Negative emotions might intensify during the initial period of strict lockdown measures (T1), peak during subsequent waves of pandemic-related restrictions (T2), and then gradually decrease as restrictions ease and societal conditions improve (T3).
H3: From a developmental perspective, older adolescents, representing late adolescence, may demonstrate more pronounced fluctuations in both positive and negative emotions compared to their younger counterparts, reflecting their increased need for independence and social interaction.
H4: Gender differences are expected, with female adolescents likely to report higher levels of negative emotions and lower levels of positive emotions compared to male adolescents across various stages of the pandemic.
H5: Highly sensitive adolescents are anticipated to experience a greater decrease in positive emotions and a larger increase in negative emotions during periods of strict lockdown measures (T1 and T2). Given the scarcity of studies, no hypotheses are proposed as pandemic-related restrictions gradually ease (T3).



No hypotheses were formulated regarding the effects of age and sex across different sensitivity levels.




2 Materials and methods


2.1 Study design and sample

This study employed a three-wave longitudinal design spanning from 2020 to 2022, with a one-year interval between each wave. To avoid any confusion, it is important to note that the survey waves of the study do not coincide with the waves of COVID-19 infections, as will be described below.

The research involved 453 Italian high school students (156 males and 297 females, with an average age at T1 of 15.91, SD = 1.32) who were requested to complete an online survey. The participants were drawn from seven high schools in the metropolitan area of Naples, situated in southern Italy.

Data collection took place in March–April 2020 (Time 1; T1), during the initial COVID-19 wave and national lockdown. Between T1 and T2, there was an intermediary period over the summer when restrictions were eased, but in October 2020, the restrictions were made stricter again because of a new peak of infections. The second wave of data collection occurred in March–April 2021 (Time 2; T2), when schools reopened following the introduction of the vaccine, and students alternated between in-person and online classes while adhering to mask mandates and other COVID-19 preventive measures. The third wave of data collection was in March–April 2022 (Time 3; T3), when restrictions were significantly eased, allowing for a return to normal day-to-day activities.

Schools were recruited from a university-school network. The school directors were initially contacted via email and invited to take part in the study. Parental consent for student participation was then requested through traditional school-family communication channels. Additionally, students provided their online assent before beginning the questionnaire. The data collection at T1 was conducted during virtual classes, with trained researchers providing instructions and guidance remotely. For the data collection at T2 and T3, when students were physically present, the survey was administered in person by the researchers. The study was approved by the Psychological Ethics Committee of the University Department (Protocol code n. 21/2020).



2.2 Missing data and attrition analysis

Over the study period, 453 participants were initially assessed at T1. At T2, 428 participants were re-evaluated, reflecting a 6% attrition rate. At T3, only 116 participants remained in the study, resulting in a total attrition rate of 74%. This attrition rate is near the commonly reported range in longitudinal studies, typically between 30 and 70% (Gustavson et al., 2012). In the current study, the decrease in participation was primarily attributed to participant drop-out or loss of contact with the school following the peak of the pandemic period. Despite this attrition, Little’s test for Missing Completely at Random (MCAR) was not significant, χ2(8) = 6.576, p = 0.58, thus indicating that the missing data does not follow any systematic pattern and can be considered random. Additionally, t-tests conducted as part of the missing data analysis revealed no significant differences between those who dropped out and those who remained in the study across key demographics (age, gender) and other study variables (all ps > 0.05). Given the limitations of t-tests, which may not detect differences in distribution shapes, density plots comparing cumulative distributions of demographic and study variables between dropout and remaining participants are available at https://osf.io/vfy9g/?view_only=546914fa64bf4c72b4900875e252bba1 for further support.



2.3 Measures


2.3.1 Positive and negative affect

The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) was used to measure emotional states at all three time points in this study. The PANAS assesses two dimensions of affect:

Positive Affect (PA), which captures high-arousal states of pleasure and engagement, such as excitement and happiness. A high score on PA reflects high energy, more concentration, and pleasurable engagement, while a low score is associated with sadness and lethargy (Watson et al., 1988); Negative Affect (NA), which reflects high-arousal states of aversive emotionality. It represents a general dimension of subjective stress and displeasure, encompassing various aversive mood states such as anger, contempt, disgust, guilt, fear, or nervousness. A low NA score indicates a state of calm and tranquility (Watson et al., 1988).

We used 20 items, each rated on a response scale from 1 (Not at all) to 5 (Very much). Positive emotional states are measured by 10 items (e.g., joy, interest, and enthusiasm), with Cronbach’s alpha ranging from 0.77 to 0.84 across T1 to T3 (T1 = 0.77, 95% C.I. [0.74, 0.80]; T2 = 0.77, 95% C.I. [0.75, 0.80]; T3 = 0.84, 95% C.I. [0.83, 0.87]). Negative emotional states are measured by 10 items (e.g., distress, sadness, and fear), with Cronbach’s alpha ranging from 0.77 to 0.81 across T1 to T3 (T1 = 0.77, 95% C.I. [0.74, 0.80]; T2 = 0.76, 95% C.I. [0.73, 0.79]; T3 = 0.81, 95% C.I. [0.78, 0.83]).



2.3.2 Environmental sensitivity

The study used the Highly Sensitive Child Scale (HSC; Pluess et al., 2018) to measure Environmental Sensitivity at Time 1 (T1). The HSC consists of 12 items, each rated on a response scale from 1 (Not at all true) to 5 (Completely true). A sample item from the scale is “I notice when small things have changed in my environment.” The scale demonstrated acceptable reliability, with a Cronbach’s alpha of 0.74 (95% C.I. [0.71, 0.77]).

Following the evidence suggesting that sensitivity is normally distributed, and people generally fall into three distinct sensitivity groups from low (bottom 30% of HSC scores) to medium (40%) to high (top 30% of HSC scores) sensitivity (Lionetti et al., 2018), a grouping variable reflecting the three sensitivity groups (low, medium, and high) was created and used in the analyses.




2.4 Analytic plan

The analytic plan involved several steps to identify the best-fitting trajectory of emotional fluctuations and assess potential differences based on ES. Latent Growth Curve Models (Duncan et al., 2006; Curran et al., 2010) were used. Initially, three unconditional models were tested: Random-Intercept Only Model (No Growth Model), which assumes that individuals’ emotional fluctuations do not change over time and only includes a random intercept, representing individual variability around a single mean trajectory; Linear Growth Model, which assumes that emotional fluctuations change linearly over time. It includes a random intercept and slope parameters to capture linear changes in emotional fluctuations across time; Quadratic Growth Model, which assumes that emotional fluctuations change nonlinearly over time, following a quadratic trajectory. In addition to the random intercept and slope parameters from the linear model, this model includes a quadratic term to capture the curvature of emotional fluctuations across time. The Bayesian Information Criterion (BIC) was then used to compare the trajectory models. The BIC values were computed to identify the model with the lowest BIC as the preferred model, indicating better fit relative to other models considered.

After determining the best-fitting trajectory, the analysis proceeded to assess possible differences based on ES groups in emotional fluctuations. This was achieved through multi-group analysis, which involves comparing the parameters of the trajectory model across different groups defined by levels of ES. More specifically, four models were compared using BIC values and differences in −2 Log Likelihood to assess potential differences across groups (Grimm et al., 2016): In Model 1 (M1 – Fully Constrained Model), all parameters, including means, variances, and residuals, were constrained to be equal across groups. This means that no differences in the growth trajectories of emotional fluctuations were allowed between groups based on ES. In Model 2 (M2 – Partially Constrained Model), variances and residuals were constrained to be equal across groups, while means were allowed to vary. This allowed for differences in the average levels of emotional fluctuations between groups but not in the variability or residual errors. In Model 3 (M3 – Partially Constrained Model), variances were constrained to be equal across groups, but residuals were allowed to vary. This model allowed for differences in the residual errors of emotional fluctuations between groups while keeping variances equal. In Model 4 (M4 – Unconstrained Model), no constraints were imposed across groups. Means, variances, and residuals were all allowed to vary freely, enabling the detection of any potential differences in the growth trajectories, variability, and residual errors of emotional fluctuations between groups.

In all models, the effects of age and sex assigned at birth (1 = male, 2 = female) were examined by including both variables as predictors of the intercepts and slopes. Missing data were handled using Full Information Maximum Likelihood (FIML) estimation.




3 Results


3.1 Descriptive statistics and bivariate correlations

Table 1 presents the descriptive statistics and bivariate correlations for the study variables. The correlations were calculated using the pairwise method to maximize available information across varying sample sizes over time. The results showed that Environmental Sensitivity was positively correlated with negative emotionality at all three time points and with sex, with girls reporting higher scores compared to boys. Positive emotionality at all time points was significantly negatively correlated with negative emotionality at corresponding time points. Additionally, sex was significantly correlated with both positive and negative emotionality, indicating potential gender differences in emotional experiences. Specifically, girls reported lower levels of positive emotionality at T2 and T3, along with higher levels of negative emotionality across all assessment points, compared to boys. Age had a modest yet statistically significant correlation with both negative emotionality at T1 and positive emotionality at T3. This indicates that older adolescents experienced slightly elevated negative emotions during the COVID-19 outbreak and diminished positive emotionality when restrictions were lifted.



TABLE 1 Descriptive statistics and bivariate correlations among the study’s variables.
[image: A correlation matrix showing relationships among variables such as sex, age, environmental sensitivity, positive emotionality at times T1, T2, T3, and negative emotionality at T1, T2, T3. The table includes means and standard deviations. Correlation coefficients are provided for each pair of variables, with some values marked as significant. Details about sample sizes, degrees of freedom, and critical values at a 0.05 significance level are noted below the table.]



3.2 Latent growth curve models

The latent growth curve analysis revealed non-linear growth patterns for both positive and negative emotionality during the COVID-19 pandemic (Table 2). Specifically, the quadratic growth model provided the best fit for both emotional states, as indicated by the lowest BIC compared to the no-growth and linear models. At T1, adolescents reported an average score of 3.06 out of 5 for positive emotionality. This score decreased by 0.57 units for each subsequent time unit, but the decrease became less steep at a rate of 0.30 over time, suggesting a potential shift toward an increase at T3 (Table 3).



TABLE 2 Comparison of latent growth curve models.
[image: Table comparing growth models for positive and negative emotionality with columns for no growth, linear, and quadratic models. Metrics include Chi-square values, CFI, RMSEA, and BIC. Preferred models are highlighted in bold, with quadratic models showing the best fit for both emotionalities. Variance constraints are noted.]



TABLE 3 Growth parameters from the latent growth curve analysis.
[image: Table comparing positive and negative emotionality. For positive emotionality: Intercept (B=3.06, SE=0.03, p<0.001), Linear slope (B=-0.57, SE=0.06, p<0.001), Quadratic slope (B=0.30, SE=0.03, p<0.001). For negative emotionality: Intercept (B=2.82, SE=0.04, p<0.001), Linear slope (B=0.55, SE=0.07, p<0.001), Quadratic slope (B=-0.20, SE=0.04, p<0.001).]

For negative emotionality, adolescents initially reported an average score of 2.82 out of 5. This score increased by 0.55 points linearly over time, with the rate of increase slowing down by 0.20 units, indicating an initial rise that decelerated at T3 (Table 3).

When adding age and sex as covariates, the results indicated that sex was the sole predictor of the positive emotionality intercept, with girls displaying lower scores on positive emotionality compared to boys (B = −0.13, p = 0.033). Furthermore, age and sex had a significant effect on the negative emotionality intercept, with female and older adolescents exhibiting higher scores on negative emotionality (Bs = 0.46 and 0.06, p < 0.001 and p = 0.037, respectively).



3.3 Multiple-group latent growth models

The comparison among the multiple-group latent growth curve analysis revealed that the fully constrained model (M1) had the best fit for positive emotionality, thus suggesting that the growth trajectories of positive emotionality do not differ across low, medium, and high Environmental Sensitivity groups (Table 4). For all groups, positive emotionality starts at an average value of 3.06, decreases initially by 0.52 units per time unit, and then the rate of decline slows down and turns into an increase, as indicated by the quadratic term of 0.26 (Table 5).



TABLE 4 Fit statistics for the multiple-group linear growth models.
[image: A table comparing four models regarding positive and negative emotionality. For positive emotionality, the parameters for each model are seven, thirteen, nineteen, and twenty-one, with specific -2LL and BIC values shown. For negative emotionality, the same parameters are compared, with -2LL and BIC values. Bold font indicates preferred models: Model M1 for positive emotionality and Model M2 for negative emotionality.]



TABLE 5 Growth parameters from the multiple-group latent growth curve analysis – positive emotionality.
[image: Table titled "Positive emotionality" displaying statistical values: Intercept B is 3.06 with SE 0.03; Linear slope B is -0.52 with SE 0.06; Quadratic slope B is 0.26 with SE 0.04. All p-values are less than 0.001.]

Conversely, the model with variances and residuals constrained to be equal across groups and means allowed to vary across groups (M2) had the best fit for negative emotionality, thus indicating distinct means’ patterns across groups (Table 4). For the Low Sensitivity group, negative emotionality starts at 2.52 and initially rises by 0.57 units per time unit. The rate of increase slows down over time (quadratic term: −0.20), resulting in a slight decline after the initial increase. In the Medium Sensitivity group, negative emotionality starts at 2.83 and initially rises by 0.46 units per time unit. The rate of increase also slows down over time (quadratic term: −0.15), leading to a slight decline after the initial increase. Finally, in the High Sensitivity group, negative emotionality starts at 3.25 and rises steadily by 0.43 units per time unit. The quadratic term is not significant (−0.10), indicating a primarily linear increase without a significant deceleration or decline (Table 6). The observed trajectories for positive and negative emotionality, represented with estimated mean scores and their respective confidence intervals across groups, are depicted in Figures 1, 2, respectively.



TABLE 6 Growth parameters from the multiple-group latent growth curve analysis – negative emotionality.
[image: Table titled "Negative emotionality" with columns: B, SE, and p. It presents data for three sensitivity groups. Low sensitivity: Intercept 2.52, Linear slope 0.57, Quadratic slope -0.20. Medium sensitivity: Intercept 2.83, Linear slope 0.46, Quadratic slope -0.15. High sensitivity: Intercept 3.25, Linear slope 0.43, Quadratic slope -0.10. All quadratic slopes are statistically significant with p-values noted.]

[image: Line graph showing positive emotionality over time at three time points (PE T1, PE T2, PE T3) for different groups: low, medium, and high emotional support (ES). Low ES shows a slight increase, medium ES exhibits a dip at PE T2 before returning to initial levels, and high ES declines slightly at PE T2 and then increases significantly at PE T3. Shaded areas represent confidence intervals.]

FIGURE 1
 Observed trajectories of positive emotionality at three time points (PE T1, PE T2, and PE T3) for groups with low, medium, and high Environmental Sensitivity (ES). The lines represent the estimated mean scores for each group at each time point, while the shaded areas denote the 95% confidence intervals. For the low sensitivity group, mean scores with confidence intervals are: T1 = 3.10, C.I. [2.99, 3.21], T2 = 2.87, C.I. [2.76, 2.99], and T3 = 3.18, C.I. [3.05, 3.31]. For the medium sensitivity group, mean scores with confidence intervals are: T1 = 3.06, C.I. [2.95, 3.16], T2 = 2.80, C.I. [2.71, 2.88], and T3 = 3.20, C.I. [3.09, 3.31]. For the high sensitivity group, mean scores with confidence intervals are: T1 = 3.02, C.I. [2.89, 3.15], T2 = 2.72, C.I. [2.61, 2.82], and T3 = 2.83, C.I. [2.69, 2.96].


[image: Line graph showing negative emotionality over three time points (NE T1, NE T2, NE T3) for low, medium, and high emotional stability (ES). Low ES increases from 2.6 to 3.2. Medium ES fluctuates slightly, starting and ending around 3.3. High ES rises from 3.0 to 3.6. Shaded areas indicate confidence intervals.]

FIGURE 2
 Observed trajectories of negative emotionality at three time points (NE T1, NE T2, and NE T3) for groups with low, medium, and high Environmental Sensitivity (ES). The lines represent the estimated mean scores for each group at each time point, while the shaded areas denote the 95% confidence intervals. For the low sensitivity group, mean scores with confidence intervals are: T1 = 2.52, C.I. [2.38, 2.66], T2 = 2.89, C.I. [2.76, 3.02], and T3 = 2.85, C.I. [2.70, 3.00]. For the medium sensitivity group, mean scores with confidence intervals are: T1 = 2.83, C.I. [2.72, 2.95], T2 = 3.15, C.I. [3.03, 3.26], and T3 = 3.17, C.I. [3.04, 3.29]. For the high sensitivity group, mean scores with confidence intervals are: T1 = 3.25, C.I. [3.10, 3.40], T2 = 3.58, C.I. [3.45, 3.70], and T3 = 3.73, C.I. [3.59, 3.86].


When examining the role of age and sex, the results indicated that neither sex nor age had significant effects on the initial level, linear growth, or quadratic growth of positive emotionality across low, medium, and high sensitivity groups (all ps > 0.05). However, when analyzing negative emotionality, distinct effects across groups emerged. In the Low Sensitivity group, sex had a significant positive effect on the intercept (B = 0.41, p = 0.004), indicating that girls reported higher initial levels of negative emotionality. Age had a significant negative effect on the linear slope (B = −0.21, p = 0.036), suggesting that older adolescents experienced a smaller increase in negative emotionality. For the quadratic slope, both age and sex had a significant negative effect (Bs = −0.35 and 0.16, p = 0.025 and p = 0.013, respectively), signifying that the rise in negative emotionality decelerates more for females and older adolescents. In the Medium Sensitivity group, sex had a significant positive effect on the intercept (B = 0.41, p < 0.001), indicating higher initial levels of negative emotionality for girls, with no other significant effects observed. No other significant effect was found. In the High Sensitivity group, neither sex nor age had significant effects on the intercept, linear slope, and quadratic slope (all ps > 0.05).




4 Discussion

Framed within the Environmental Sensitivity meta-framework (Pluess, 2015; Pluess et al., 2023), the current study contributed to the literature on the long-lasting effects of the COVID-19 pandemic. It investigated the emotional well-being of a group of high school students at three different time points over a period of two years, corresponding to various stages of governmental interventions in response to the pandemic, based on infection and mortality rates. Also, in line with previous research (e.g., Burgard et al., 2022; Iimura, 2022) highlighting the role of Environmental Sensitivity as a significant marker of differential susceptibility to the psychological impact of the pandemic, we tested whether the changes in emotionality across different stages of the pandemic varied depending on the adolescents’ level of Environmental Sensitivity. The study also took into account the effects of the sex assigned at birth and age.

Consistent with our hypotheses (H1 and H2) and the notion that adolescence is marked by increased emotional volatility and heightened sensitivity to social and emotional changes (Steinberg, 2005; Bailen et al., 2019), we observed a significant quadratic trend in both positive and negative emotionality over time in the entire sample. Specifically, adolescents showed a significant decrease in their positive emotionality between the first and second waves of the pandemic, followed by an increase between the second and third waves; a trend toward a decrease in negative emotionality was observed. These findings align with those reported by Minihan et al. (2024), which showed an increase in negative affect over time, and with Foster et al. (2023), who revealed that COVID-19-related stress during the first pandemic lockdown predicted subsequent anxiety and depression symptoms in adolescents during the summer of 2021. Also, they are consistent with those of Ravens-Sieberer et al. (2023), who monitored changes in the well-being of children and adolescents from January 2020 to September–October 2022. Like Ravens-Sieberer et al. (2023), both positive and negative emotionality returned to more typical levels by the last assessment point after initially worsening.

These fluctuations in emotional reactions over the course of the pandemic likely reflect changing external conditions, such as infection and mortality rates, and government policies. The first wave of the pandemic was characterized by the novelty of the experience, hope for a rapid solution, and efforts to activate coping strategies. In contrast, subsequent waves lacked these characteristics, triggering a greater sense of hopelessness, helplessness, and an inability to see an end to the pandemic. The sharp initial decrease in positive emotionality and increase in negative emotionality at the beginning of the pandemic can be attributed to COVID-19-related worries, such as fear of contagion, online learning difficulties, limited in-person peer interactions, lack of emotional connection with friends, conflicts with parents, and pre-existing emotional vulnerabilities (Rogers et al., 2021). The tendency to recover during the later stages of the pandemic may be explained as a result of an adaptation process to pandemic challenges and the increasingly decreasing infection and death rates.

Furthermore, as some authors argue (Li et al., 2021), this return to normal levels of both positive and negative emotionality could be attributed to a “psychic numbing” process (Slovic, 2007). Over time, people become less sensitive to the pandemic’s deleterious effects, making them less likely to experience negative emotions and more likely to experience positive ones. Additionally, maintaining strong negative emotions over an extended period is too costly to psychological well-being. Unpleasant feelings generally motivate actions or thoughts to avoid those feelings (Epstein, 1994), such as re-evaluating the risk of infection as less dreadful than initially thought.

As concerns the role of sex assigned at birth and age, the results partially supported both H3 and H4, as well as findings from previous research (e.g., Schwartz et al., 2021; Morales-Vives et al., 2024). Regarding H3, which posited that older adolescents would demonstrate more marked fluctuations in both positive and negative emotions compared to younger counterparts, our findings revealed a significant effect of age on negative emotionality. Specifically, older adolescents exhibited higher scores on initial levels of negative emotionality, indicating a greater propensity for experiencing negative emotions compared to younger adolescents. This aligns with the developmental perspective that late adolescence, representing older age groups, may indeed be characterized by heightened emotional volatility, reflecting increased needs for independence and social interaction (Larson et al., 2002). However, the rate of change over time did not result associated with age, meaning that all adolescents, independent of their age, displayed the same fluctuations in negative emotionality across the pandemic years. Furthermore, our results also support H4, which predicted gender differences in emotional responses to the pandemic. Consistent with this hypothesis, the study revealed that sex was a significant predictor of both positive and negative emotionality. Specifically, girls exhibited lower scores on initial levels of positive emotionality and higher scores on negative emotionality compared to boys. This aligns with previous research findings by Strasser et al. (2023), who observed that female students reported more negative emotions compared to male students.

In line with research that acknowledges the dispositional trait of Environmental Sensitivity as an influential factor in emotional well-being during the pandemic (e.g., Van Landeghem and Jakobson, 2024), and partially consistent with our fifth hypothesis (H5), we found variations in emotional fluctuations among adolescents based on their level of Environmental Sensitivity. Specifically, the results of the multiple-group latent growth curve analyses indicated that all individuals, regardless of their Environmental Sensitivity, demonstrated a decrease in positive emotionality between the first and second waves of the pandemic, followed by an increase between the second and third waves. Therefore, contrary to our expectations, we found no significant differences in the change of positive emotionality over time across the groups. Conversely, we observed a noteworthy linear increase in negative emotionality over time for highly sensitive adolescents. In contrast, low—and medium-sensitive adolescents exhibited a quadratic trend, with a significant increase between the first and second waves followed by a tendency to decrease between the second and third waves.

Such discrepancies in changing positive and negative emotionality depending on adolescents’ levels of Environmental Sensitivity may reflect the notion that positive and negative feelings are believed to operate independently from each other, with changes in positive feelings informing us little about changes in negative ones, and vice-versa (Watson and Tellegen, 1985). These results also support the idea that individual differences in how adolescents perceive and process environmental stimuli can influence their ability to respond and adjust to adverse life events (Pluess, 2015), such as the pandemic. They provide further evidence that highly sensitive individuals are more likely to experience adverse effects during the COVID-19 pandemic (Burgard et al., 2022; Iimura, 2022). Additionally, our findings contribute to the existing literature by demonstrating that the easing of restrictions might have provided a significant positive change, improving positive emotionality even in adolescents with high Environmental Sensitivity, despite their continued higher levels of negative emotionality. The Differential Susceptibility theory (Belsky, 1997; Belsky and Pluess, 2009) helps explain why adolescents high in Environmental Sensitivity showed a continuous increase in negative emotionality but did not differ in positive emotionality improvements compared to their low-sensitivity peers. These adolescents are more reactive to environmental stressors, leading to a linear increase in negative emotionality during prolonged negative conditions. They also tend to engage in more ruminative thinking, especially when the quality of the environment is less than optimal (Lionetti et al., 2022). Due to their heightened ability to perceive and process environmental stimuli (Pluess, 2015; Pluess et al., 2023), highly sensitive adolescents may have been more attuned to the contextual changes brought about by the pandemic compared to their less sensitive peers. This heightened awareness of the negative aspects of the pandemic situation could have contributed to a sustained increase in negative emotions. However, when the environment becomes more positive, even those highly sensitive can experience an uplift in positive emotions, indicating that positive changes can have a broad and relatively uniform impact on well-being across different levels of sensitivity. This highlights Environmental Sensitivity as a susceptibility factor rather than merely a vulnerability, in line with findings from a recent study by Iimura (2021). Exploring the relationships between weekly life events and weekly socioemotional well-being in a sample of adolescents, the authors found that, in some weeks, adolescents with high sensitivity were more likely to benefit from both negative and positive events than those with low sensitivity.

The examination of the effects of age and sex across the sensitivity groups revealed significant effects of both covariates on the initial level of negative emotionality, the rate of increase over time, and the change in the rate of increase in the low sensitivity group. Specifically, girls reported higher initial levels of negative emotionality. Older adolescents showed a smaller increase over time, and both female and older adolescents showed a deceleration in the rise of negative emotionality.

These findings highlight the complexity of the relationship between individual characteristics and emotional experiences, emphasizing the need for further research to understand the mechanisms underlying these associations.

While much of the research within the Environmental Sensitivity meta-framework (Pluess, 2015; Pluess et al., 2023) has primarily emphasized its “dark” side, portraying it mainly as a vulnerability factor, our findings underscore the importance of recognizing the potential benefits associated with this dispositional trait. As evidenced by several studies, sensitive individuals are indeed more susceptible to environmental influences, both positive and negative. This heightened susceptibility makes them more vulnerable to adverse experiences (e.g., Karam et al., 2019), yet concurrently more likely to derive advantages from a nurturing and supportive environment (e.g., Di Paola et al., 2023), as well as intervention programs (e.g., Dragone et al., 2022). Consequently, further investigation is needed into how Environmental Sensitivity interacts with positive changes occurring in the environment. Future studies might delve into the dynamics of how different stages of recovery or improvement in conditions impact sensitive individuals, thus providing a comprehensive understanding of the susceptibility spectrum.

Furthermore, drawing inspiration from these findings, prevention efforts should pay particular attention to highly sensitive adolescents to maximize the benefits of programs aimed at promoting their mental health during and after stressful events like the pandemic. The disruptions caused by COVID-19 put adolescents at risk for increased negative emotions. Therefore, professionals should take a multifaceted approach to environmental and contextual factors to optimize intervention effects and prevent or mitigate the pandemic’s impact on the psychological well-being of young people.



5 Strengths, limitations, and future directions

The current study has several strengths and limitations that need to be acknowledged. The longitudinal design is a notable strength as it helps mitigate biases associated with generalizing the initial impact of the pandemic over time and provides insights into adolescents’ emotional states across different stages of the pandemic over two years. However, it is important to note that the absence of pre-pandemic measures of emotionality does not guarantee that the findings are specific to the challenges following the pandemic outbreak rather than reflecting developmental aspects or the natural progression of time. Additionally, the study’s strong theoretical grounding in individual differences within the Environmental Sensitivity meta-framework offers valuable insights into the individuals’ diverse reactions to the pandemic.

Also, our study, like most longitudinal studies carried out in the context of the pandemic, might have suffered from a significant attrition effect, which specifically concerned the third assessment point (i.e., the transition from T2 to T3, after two years following the outbreak of the pandemic). Future research in emergency situations might benefit from employing strategies to mitigate attrition, such as enhanced participant engagement or more flexible data collection methods.

Among the limitations, it should be acknowledged that all measurements in the study relied solely on adolescent self-reporting, which may be subject to social desirability bias. Utilizing a multi-informant approach, such as incorporating parents’ reports for temperamental constructs, along with a multi-method approach (such as combining quantitative and qualitative measures), could provide a more comprehensive understanding of emotional experiences in the context of a pandemic. Another limitation is the generalizability of the results, as the study included a sample from a limited geographic area in Southern Italy, potentially leading to selection bias. It is important to recognize that the impact of the COVID-19 pandemic may have varied among different subgroups within the Italian population and in other countries with varying infection and death rates and restriction rules.

Finally, the study does not consider the role of other contextual-level variables that may buffer the impact of the COVID-19 pandemic on adolescents’ emotional well-being. In line with the Differential Susceptibility Model (Belsky and Pluess, 2009), according to which Environmental Sensitivity should not be considered a vulnerability factor tout court but rather a potential advantage or disadvantage depending on the rearing environment (Lionetti et al., 2023), examining the moderating role of supportive environments like nurturing parenting, could provide valuable insights into the association between Environmental Sensitivity and emotional well-being.
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Introduction: Sensory-processing sensitivity (SPS) refers to interindividual differences in sensitivity to positive and negative environmental stimuli and reflects the concept of differential susceptibility. The Highly Sensitive Person Scale (HSPS) has been utilized to capture the multifaceted experiences of highly sensitive individuals. The scale’s total score (i.e., the sum of the subfactors) is an indicator of high sensitivity. However, it cannot differentiate between the contributions of the specific subfactors. Consequently, interpreting the total score cannot help resolve the current theoretical debate about how individuals integrate the positive and negative aspects of sensitivity, whereas a multidimensional profile should be able to offer a more comprehensive understanding. Intriguingly, in variable-centered research, the subfactors’ differential associations with external constructs in negative or positive trait spaces have suggested heterogeneity (i.e., interindividual differences) among highly sensitive individuals. Thus, person-centered approaches should be better suited to address this heterogeneity.
Methods: To explore heterogeneity within the highly sensitive population, we conducted a three-step Latent Profile Analysis in two independent German-speaking samples (N = 1,102; N = 526). Subsequently, we employed the Five-Factor Model of personality to provide a detailed description of the latent sensitivity groups.
Results: Beyond the frequently identified quantitative three-class differentiation of sensitivity groups, we obtained a four-class model that included two qualitatively different high-sensitivity groups, each displaying distinct HSPS subfactor and personality patterns that corresponded to prototypical personality profiles. Within these high sensitivity groups, (i) the Confident Sensitivity Group exhibited average Neuroticism, significantly above-average Openness, and slightly above-average Extraversion. By contrast, (ii) the Vulnerable Sensitivity Group displayed the typical personality pattern of significantly above-average Neuroticism, below-average Extraversion, and slightly above-average Openness. Personality analyses revealed that features such as passiveness, internalizing tendencies, giftedness, and aesthetics, often commonly ascribed to all highly sensitive individuals, are features that differ across distinct sensitivity groups.
Discussion: To avoid over- or underestimating sensitivity effects, future research should consider these interindividual differences in highly sensitive individuals. For instance, studies could focus on the different associations of sensitivity groups with abilities, health aspects, emotion regulation and intervention outcomes, taking into account the different environmental factors that shape the type of sensitivity.
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 sensory-processing sensitivity (SPS); environmental sensitivity (ES); latent profile analysis (LPA); sensitivity groups; five-factor model of personality (FFM); personality prototypes; interindividual differences; person-centered analysis


Introduction

Environmental Sensitivity (ES) refers to the notion that individuals vary in their sensitivity to environmental stimuli, which means that some individuals are more sensitive and some are less so. Scientists propose a genetic basis for sensitivity and suggest that the qualities associated with sensitivity, as well as its impact on the level of functioning, are shaped by valence-dependent contextual experiences (i.e., neutral, harmful/negative, or supportive/positive) throughout life (e.g., Keers and Pluess, 2017). In general, the ES framework proposes five sensitivity types depending on the respective responsivity to positive and negative environments, namely vulnerable sensitivity (i.e., heightened responsivity to negative environments), resilient sensitivity (i.e., resistance to negative environments), differential susceptibility (i.e., heightened responsivity to positive and negative environments), vantage sensitivity (i.e., heightened responsivity to positive environments), and vantage resistance (i.e., resistance to positive environments). These five sensitivity types are covered by different theories, all of which fall under the overarching theoretical framework of ES (see Greven et al., 2019 for a more comprehensive theoretical overview). In particular, early rearing conditions in childhood play a decisive role (Aron et al., 2005; Pluess, 2015; Greven et al., 2019). Thus, early negative environments could lead to a vulnerable-sensitive disposition, while early positive environments likely lead to a vantage-sensitive disposition (Pluess, 2015). The psychological construct of Sensory Processing Sensitivity (SPS) provides a phenotypical and measurable trait of sensitivity with conceptual emphasis on the intense processing of internal and external sensory information (Aron and Aron, 1997). Therefore, the recognition of subtleties, depth of processing, heightened emotional reactivity, and a predisposition to physiological overarousal represent the core definitional elements of the construct (Aron et al., 2012; Homberg et al., 2016). Highly sensitive people (HSP) often view this characteristic as a blessing because it allows them to notice subtle details and aesthetic pleasures in their surroundings. However, it can also be seen as a challenge or a curse, as the effort involved in such processing can drain energy and result in exhaustion (Aron, 2020; Bas et al., 2021; Roth et al., 2023).

Originally, Aron and Aron (1997) developed the Highly Sensitive Person Scale (HSPS) to capture the negative and positive aspects of SPS as a unidimensional construct. Although alternative factor structures have been reported (Konrad and Herzberg, 2017), subsequent exploratory analyses often resulted in a three-factorial structure (Greven et al., 2019), which was first identified by Smolewska et al. (2006) and implemented in the German questionnaire adaptation. The three questionnaire’s subfactors are described as follows (Konrad and Herzberg, 2017):

	i. The Ease of Excitation (EOE) subfactor operationalizes the tendency to be easily overwhelmed by internal or external stimulation; it captures negative coping strategies such as withdrawal behavior.
	ii. The Low Sensory Threshold (LST) subfactor represents sensitivity or responsiveness to subtle external stimulation, such as sensory features in the physical environment with a low perceptual contrast.
	iii. The Aesthetic Sensitivity (AES) subfactor measures openness to and enjoyment of aesthetic experiences and positive stimuli, reflecting the pleasure gained through high sensitivity.

Numerous studies have provided support for the validity of these subfactors (Liss et al., 2008; Sobocko and Zelenski, 2015; Lionetti et al., 2018; Pluess et al., 2018; Weyn et al., 2021; Pluess et al., 2023). However, they have also suggested that, in the nomological net (Cronbach and Meehl, 1955), the subfactors have distinct associations with external variables. Recently, Attary and Ghazizadeh (2021) explored the nomological net of SPS and identified the obtained trait clusters as positive and negative trait spaces. Accordingly, the negative trait space reflects associations of the EOE and LST subfactors with, for example, Neuroticism (Lionetti et al., 2019; Hellwig and Roth, 2021; Pluess et al., 2023), Negative Affect (Evans and Rothbart, 2009; Yano et al., 2021; Sperati et al., 2024b), alexithymia (Attary and Ghazizadeh, 2021; Jakobson and Rigby, 2021), narcissism (Jauk et al., 2023), negative interpersonal sensitivity (Tabak et al., 2022), and adverse health outcomes such as stress and burnout (Golonka and Gulla, 2021; Pérez-Chacón et al., 2021). Conversely, the positive trait space shows correlations of the AES subfactor with, for example, Openness (Lionetti et al., 2019; Hellwig and Roth, 2021; Pluess et al., 2023), Positive Affect (Evans and Rothbart, 2009; Yano et al., 2021), Effortful Control (Sperati et al., 2024a), lexithymia (Jakobson and Rigby, 2021), positive interpersonal sensitivity (Tabak et al., 2022), proactive work behavior (Schmitt, 2022), and positive health outcomes such as resilience and well-being (Sobocko and Zelenski, 2015; Gulla and Golonka, 2021).

Interestingly, the distinct relationships of the subfactors within the nomological net empirically challenge the notion of a psychological construct that assumed the integration of both the positive and negative aspects of high sensitivity in a single individual. In simpler terms, an individual cannot simultaneously exhibit both features (e.g., empathy and alexithymia). Instead, these findings suggest heterogeneity (i.e., interindividual differences), meaning that individuals with higher AES scores are more likely to benefit from their high sensitivity due to their higher level of Openness. Conversely, neurotic individuals with higher scores on LST and EOE may be more vulnerable to stress and overload (Sobocko and Zelenski, 2015). In the same vein, Evans and Rothbart (2008) investigated the latent factor structure of the HSP scale and its relationships with the scales of the Adult Temperament Questionnaire (ATQ, Evans and Rothbart, 2007). They discovered a two-factorial structure that best fitted their data. The first factor primarily predicts EOE items reflecting Negative Affect, highly correlated with Neuroticism (Evans and Rothbart, 2007). Conversely, the second factor is dominated by AES items reflecting Orienting Sensitivity, which correlates with Openness (Evans and Rothbart, 2007). The authors found that Orienting Sensitivity and Negative Affect are orthogonal constructs, each highly correlated with one factor of their two-factorial solution of the HSPS. Moreover, they observed that sensory sensitivity (i.e., perceptual sensitivity in the ATQ) does not correlate with sensory discomfort and, thus, is not inevitably linked to the tendency to experience overarousal. These findings indirectly suggested that the AES and EOE subfactors encompass distinct dimensions.


Benefits of a person-centered perspective on SPS

When Attary and Ghazizadeh (2021) explored the nomological net of SPS, their analyses included a person-centered perspective, which is an intriguing alternative to previous studies that predominantly used variable-centered methods (e.g., Benham, 2006; Evers et al., 2008; Gearhart and Bodie, 2012; Chacón et al., 2023). Person-centered approaches like Latent Profile Analysis (LPA) are advantageous as they enable the classification of similar objects into groups, where the number of groups and their forms are unknown. In this it is similar to the more traditional and widespread K-means clustering (Magidson and Vermunt, 2002). In contrast to cluster analysis, LPA is model-based, thereby allowing for the consideration of various diagnostics to determine the number of clusters (i.e., model fit indices like the Bayes Information Criterion, BIC). Furthermore, it allows the description of misclassification and the inclusion of external variables (Magidson and Vermunt, 2002). In variable-centered SPS research, researchers assess the highly sensitive population characteristics and their interactions based on linear covariation of a set of individual variables. This analytic approach assumes that the results apply to the entire population. Moreover, it isolates each individual observation in the sample (Mandara, 2003) without adequately accounting for the multidimensional and interactional nature of the phenomenon (Magnusson, 2001). Instead, person-oriented approaches allow interindividual variance to be considered, thereby increasing the predictive power and specificity of the derived description (Mandara, 2003). Similarly, the resulting trait patterns provide a more comprehensive and ecologically valid understanding of interindividual human experiences (Mandara, 2003). Therefore, person-centered approaches are better suited to investigate the integration of both the negative and positive trait aspects by exploring latent groups with common SPS trait patterns (De Gucht et al., 2022). Additionally, the derived latent groups can be further described by incorporating external personality characteristics (Mandara, 2003; Berlin et al., 2014) provided by, for example, the Five-Factor Model of personality (FFM).

The few person-centered studies that have been conducted in the area of SPS have contributed to the understanding of the construct in three key ways. First, these studies have consistently demonstrated the quantitative differentiation of sensitivity groups, categorizing HSP into three categories: dandelions (low sensitivity group), tulips (intermediate sensitivity group), and orchids (high sensitivity group) in adults (Lionetti et al., 2018; May et al., 2020; Yano and Oishi, 2021), adolescents (Tillmann et al., 2021), and children (Pluess et al., 2018). Second, researchers have used external variables in combination with the HSPS to examine latent sensitivity groups. These analyses involve personality traits beyond SPS to explore how SPS interacts with other external personality constructs such as alexithymia (Jakobson and Rigby, 2021) and narcissism (Jauk et al., 2023). In order to provide valuable insights into potential behavioral dynamics (e.g., with regard to withdrawal tendencies in response to excessive demands), such studies have focused on the negative trait space of SPS. Third, Aron and Aron (1997) reported two qualitatively distinct clusters observed in three independent samples. One highly sensitive group exhibited a well-adjusted trait profile indicating resilience, whereas the other group displayed greater maladjustment indicating vulnerability, characterized by high emotionality and introversion. The authors suggested that the latter personality pattern might arise due to an early-forming insecure attachment style stemming from a troubled childhood, combined with a genetic predisposition to sensitivity. In contrast to the vulnerable sensitivity group, the well-adjusted group demonstrated the opposite pattern, displaying more emotional stability and reporting happier childhood experiences. In essence, these different sensitivity groups reflected patterns in the personality domains of Neuroticism and Extraversion (Eysenck, 1991).

Broadening the person-centered personality perspective to include all five FFM domains, beyond just Neuroticism and Extraversion (e.g., Aron and Aron, 1997), allows for the consideration of research on prototypical personality patterns (Rammstedt et al., 2004; Block and Block, 2006; Herzberg and Hoyer, 2009; Kerber et al., 2021). To date, three prototypical personality profiles have consistently been replicated: the Undercontroller type, the Overcontroller type, and the Resilient type (Kerber et al., 2021). These prototypes are based on the theory of ego-control and ego-resiliency (Block and Block, 2006). Additionally, three other types have been identified in research, though less frequently: Reserved, Confident, and Non-desirable (Kerber et al., 2021). These personality prototypes exhibit characteristic FFM domain profiles that show predictive power for various psychological variables such as locus of control, self-esteem, well-being, and health (Kerber et al., 2021). If sensitivity groups with different domain profiles correspond to prototypical personality patterns in the current study, it will provide an opportunity to compare the findings with empirical evidence from this research area, offering a novel differential perspective in SPS research.



Associations between SPS and the five-factor model of personality

The FFM provides a comprehensive and well-supported framework for describing personality constructs in the nomological net (Bainbridge et al., 2022). Studies investigating relationships between personality and SPS have consistently identified that the HSPS total score is strongly correlated with Neuroticism and Openness. Upon considering the HSPS subfactors, both the EOE subfactor and the LST subfactor were significantly positively correlated with Neuroticism (negative trait space), whereas the AES subfactor demonstrated a significant positive correlation with Openness (positive trait space) (Greven et al., 2019; Lionetti et al., 2019). Among the remaining three FFM domains (i.e., Extraversion, Agreeableness, and Conscientiousness) correlations with SPS were less consistent, but they could still contribute to describing interindividual differences among highly sensitive individuals (for a comprehensive review of previous association studies, see Greven et al., 2019). Extraversion appears particularly relevant for describing interindividual differences, given its often differential relationships with the subfactors. The LST and the EOE subfactor tend to show significant negative correlations with Extraversion, whereas the AES subfactor exhibits significant positive correlations (Hellwig and Roth, 2021; Pluess et al., 2023). However, in a meta-analysis, the associations appeared to be lower and non-significant (rEOE = −0.05, ns; rLST = −0.07, ns; rAES = 0.08, ns), which may be attributable to the combined analyses with the Behavioral Activation System (Lionetti et al., 2019). Consequently, some highly sensitive individuals may express their sensitivity in an extraverted manner, whereas others exhibit more introverted behaviors (Aron and Aron, 1997; Aron, 2020).

The FFM domains can be further broken down into six facets each, providing a more nuanced overview of personality (Goldberg, 1999). Studies examining the relationship between personality facets and SPS are scarce but valuable, as they can uncover null associations at the domain level that may be explained by contradictory correlations at the facet level (Greven et al., 2019). For instance, Pluess et al. (2023), who used the International Personality Item Pool (Goldberg, 1999), showed that the EOE subfactor has no significant correlation with the Openness domain (r = −0.06, ns). However, Openness facets such as Imagination (r = 0.16, p < 0.01) and Adventurousness (r = −0.43, p < 0.01) present opposing associations that contribute to the overall domain score. Only three studies to date have included all 30 facets in their examinations (Bröhl et al., 2020, 2021; Pluess et al., 2023). Of these, one study included self-identified highly sensitive adults (Bröhl et al., 2021). This study found that six facets were linked to SPS: Anxiety (N1), Depression (N3), Aesthetics (O2), Fantasy (O1), Feelings (O3), and Gregariousness (E2). On the basis of these findings, the authors concluded that highly sensitive individuals lean toward internalizing tendencies, are sensitive to aesthetics, and exhibit passivity. Additionally, the authors argued that interindividual differences exist among highly sensitive people concerning general (mal-)adjustment due to the only moderate interrater agreement between the ratings of the FFM facets of Agreeableness and Conscientiousness domains. Therefore, these facets did not show significant associations with the HSPS total score but varied among highly sensitive participants.

Therefore, we investigated whether different types of highly sensitive individuals can account for the heterogeneity observed in empirical studies. For this purpose, we utilized data-driven, person-centered analyses at the subfactor level (AES, LST, and EOE) to explore latent sensitivity groups, although the HSPS was not originally constructed with such an intention (Aron et al., 2012). Subsequently, we characterized these sensitivity groups on the basis of their emerging personality patterns. We anticipated the emergence of qualitatively distinct subfactor patterns that reflect the heterogeneity (i.e., interindividual differences) of highly sensitive individuals, as dictated by the unique associations of the negative trait space subfactors (EOE/LST) and the positive trait space subfactor (AES). Moreover, we expected that the sensitivity groups might differentiate individuals located within the low and medium sensitivity trait ranges. However, in this study, we focused on the higher sensitivity trait range, assuming that behavior and trait conceptualizations are aligned in this part of the distribution, in the sense of traitedness (Reise and Waller, 1993).

Thus, we proposed five sensitivity groups:

	i. a group characterized by medium to low scores on the AES subfactor and high scores on the EOE/LST subfactors (maladapted sensitivity group);
	ii. conversely, a group with medium to low scores on the EOE/LST subfactors and high scores on the AES subfactor (well-adjusted sensitivity group);
	iii. a third group featuring high scores on both trait space (EOE/LST and AES), aligning with the notion of differential susceptibility (‘for better and for worse’);
	iv. a fourth group with low scores on all three subfactors (low sensitivity group);
	v. lastly, a group with medium scores, representing the average levels of model indicators across the sample (medium sensitivity group).




Methods


Participants and procedure

For the purpose of cross-validation (Koul et al., 2018), we used two samples (A and B) from independent personality research projects targeting the construct validation of SPS (titled: “High sensitivity and personality”). Both studies were conducted approximately from 2016 to 2019. We placed study announcements on websites that offer information on SPS in German-speaking countries and recruited most participants there. Furthermore, we invited students from our university to participate. Both web-based samples contributed to the only available German norm sample (Herzberg et al., 2022). Utilizing a unified rule that was applied to create participants codes to anonymize the data, we ensured that participants who participated in both studies were eliminated from Sample B while remaining in Sample A (applied to N = 368 participants). After the data were prepared, Sample A comprised N = 1,102 and Sample B N = 536. In Sample A participants’ age ranged from 18 to 71 years (M = 39.3, SD = 11.14), whereas in Sample B age ranged from 16 to 70 (M = 40.2, SD = 11.55). In Sample B, five participants were between the ages of 16 and 17. We decided to keep their HSPS-G responses in the overall adult sample as the results were unaffected in the multigroup analyses of the NEO-PI-R (McCrae et al., 2005a,b), and the proportion of the sample seemed neglectable. Table 1 presents the frequencies of sex, education and employment groups. A prerequisite for participation was the ability to answer web-based self-reports using technical devices (e.g., smartphones or PC). In line with the declaration of Helsinki, participants gave informed consent at the beginning of the survey. Students from our university received course credit if required.



TABLE 1 Demographics of Sample A, Sample B, and total sample.
[image: Table displaying demographic and employment data for Samples A and B. It includes variables like sex, education, and employment status with counts and percentages. Men constitute 14.1% of the total and women 85.9%. Education levels include primary, secondary, and higher education, with secondary being the most common at 40.3%. Employment categories include self-employed, employee, student, retired, homemaker, and unemployed jobseeker. Employees represent 49.9% of the total. The table provides specific data for each category within both samples.]



Measures


The NEO-PI-R

We used the German version of the NEO-PI-R personality inventory (Ostendorf and Angleitner, 2004) to assess the five FFM personality domains (i.e., Neuroticism, Extraversion, Openness, Agreeableness, Conscientiousness) and 30 FFM personality facets (i.e., six facets nested in each domain). Table 2 presents an overview of the FFM facet description alongside internal consistency measures (i.e., Cronbach’s alpha). The German version was adapted from the original English version (Costa and McCrae, 1992).



TABLE 2 Overview of the NEO-PI-R facets (Description for high scorers on the respective facet).
[image: A table displays domains and facets with descriptions and Cronbach's alpha values. The domains are Neuroticism, Extraversion, Openness to Experience, Agreeableness, and Conscientiousness. Each facet within these domains, such as Anxiety or Warmth, includes a description and manual and current Cronbach's alpha values, ranging from 0.54 to 0.93.]



The highly sensitive person scale

The 26-item German version of the Highly Sensitive Person Scale (HSPS-G) (Konrad and Herzberg, 2017) contains three subfactors: Ease of Excitation (EOE, 10 items, Cronbach’s α = 0.82), Low Sensory Threshold (LST, 11 items, Cronbach’s α = 0.88) and Aesthetic Sensitivity (AES, five items, Cronbach’s α = 0.65). Cronbach’s α for the HSPS-G total score = 0.91 (information on reliability refers to the current study). Participants rated statements on a 5-point Likert scale (ranging from (0) does not apply to me at all to (4) applies to me completely).




Data analysis


Data preparation

Following the preanalytical suggestions in the NEO-PI-R manual, we first considered responses to the two single, self-reported attention and effort items presented at the end of the NEO-PI-R questionnaire (“I have made every effort to answer all questions honestly and accurately” and “Did you tick all the answers in the right places?”). Second, we considered several preanalytical screening methods (Yentes and Wilhelm, 2021) because web-based data from totally anonymous participants seem particularly susceptible to careless responding (Meade and Craig, 2012). We employed the “longstring” function to rule out identical response behavior regarding consecutive items. Furthermore, we used Mahalanobis distance to detect multivariate extreme values (p < 0.001). For this purpose, we considered all three HSPS-G subfactors and the five NEO-PI-R domain scores. Finally, the acquiescence value indicated how many participants conspicuously responded in terms of frequent confirmations and refusals (Ostendorf and Angleitner, 2004). First, we registered 19 invalidating responses on the NEO-PI-R attention and effort items. Second, 21 participants showed suspicious acquiescence behavior. Third, we applied the Mahalanobis Distance criterion to 12 subjects and detected “longstring” behavior four times. Finally, we excluded one participant due to invalid age information. The participants presented overlap regarding the exclusion criteria. Therefore, we excluded 49 subjects out of 1,151 from Sample A. In order to comply with open science recommendations, our data and the LG syntax are available at https://osf.io/tycr9/?view_only=2a9a02c59f3c433592d95f4319dd82e8.



Latent profile analysis

Latent profile analysis (LPA) is a probabilistic, model-based, exploratory procedure that estimates class-dependent conditional response probabilities (CRPs) and class proportions. The expectation–maximization algorithm estimates model parameters while maximizing the likelihood estimation (Masyn, 2013). In our study, we used a bias-adjusted three-step approach (Vermunt, 2010; Masyn, 2017). The three steps involved (i) estimating the model, (ii) assigning participants to the latent groups (i.e., sensitivity groups) on the basis of the individual posterior class probabilities, and (iii) investigating the associations between the assigned class memberships and the external variables (i.e., NEO-PI-R domains and facets in our study). We used Latent Gold (version 6) as statistical software.

The first step was model estimation, for which we used the three HSPS-G subfactors (AES, EOE, and LST) as model indicators because of the empirical evidence outlined above. We applied this first step of the LPA to two independent samples (Samples A and B) to cross-validate the latent group structure. Subsequently, we merged the two samples into a total sample, and we also applied the first step of the LPA to generate the final latent model. Thus, we increased the confidence in the estimated parameters (i.e., reliability) by considering all available observations (i.e., participant responses). Below, we report the model estimation and selection procedures separately in the results section (i.e., the first step of the LPA), including the interpretation of all model fit indices.

As a result of the first step of the LPA, individuals obtain posterior class probabilities for each sensitivity group ranging from 0 to 1 (i.e., proportional group assignments). The group memberships are frequently imperfect or ambiguous (i.e., they deviate from 1), indicating a potential classification error (CE) when modal class assignments are employed. The CEs have a complementary relationship with the sensitivity groups’ Average Posterior Probability (AvePP), such that AvePP + CE equals 1 (Bauer, 2022). Once the proportional group assignment (i.e., individual class probabilities) gets translated into a modal class assignment by using the highest class probability, a bias in the associations with external variables is imposed (i.e., FFM of personality in this study). For example, say we assume a 4-class model in which an individual’s set of class probabilities of [0, 0, 0.2, 0.8] translates into a modal class assignment of [0, 0, 0, 1]. In this situation, the modal assignment would neglect the imprecision of the class assignments for Groups 3 and 4 and simply allocate the individual to the fourth sensitivity group, thus creating biases. Effect sizes are generally underestimated when a modal class assignment is employed (Vermunt, 2010).

Hence, as a third LPA step, we investigated the unbiased associations of the sensitivity groups with the NEO-PI-R domains and facets. For the end of bias adjustment implementation, we applied the BCH procedure (Bolck et al., 2004) to correct the CE in participants of Sample A, for which we had that data on NEO-PI-R responses. To interpret meaningful results, we relied on the statistical significance of the model parameters and deviations from the sample mean (displayed by the Medium Sensitivity Group) that at least indicate small effect sizes (i.e., z-values ≥0.2) in terms of Cohen’s d (Cohen, 1992).



Model estimation and selection

When estimating the models, we customized the number of iterations and random seeds because the default mode seemed insufficient, as it is suspected of identifying local maxima as the best model solution (Berlin et al., 2014). Accordingly, we set 10,000 random seeds and 500 iterations with the convergence criteria remaining as predefined (1e−08). Berlin et al. (2014) recommend running the estimation process as many times as necessary to achieve an equal final-stage solution at least two times. We followed these recommendations to raise confidence about the stability of our models.

An essential part of model selection in LPA involves determining the number of latent classes. As many scholars have proposed, we based our decision on a joint and well-balanced consideration of several well-supported model fit indices (i.e., local and relative fit indices), information criteria (IC), and substantive or meaningful interpretability of obtained classes (Nylund et al., 2007; Schreiber, 2017; Nylund-Gibson and Choi, 2018). Bivariate Residuals (BVRs) reflect local fit, yielding information on the models’ conformity with the local independence assumption (Asparouhov and Muthén, 2015; Oberski, 2016). Bayesian Information Criterion (BIC), Akaike’s Information Criterion (AIC), and Approximate Weight of Evidence (AWE), amongst others, provided information about the models’ parsimony. The Integrated Completed Likelihood (ICL-BIC) contains information on BIC, additionally considers Entropy (Biernacki et al., 2000), and provides a trade-off between the two fit indices. The Vuong-Lo–Mendell–Rubin Likelihood Ratio Test (VLMRT) and Parametric Bootstrap Likelihood Ratio Test (BLRT) assess relative model fit. Eventually, we considered the CE (i.e., 1 - accuracy) and smallest class size. The probability of finding reliable classes potentially valid in the population drops with smaller class sizes (Nylund-Gibson and Choi, 2018). Some experts have proposed a 5 % threshold, but general recommendations on this topic do not exist. Another indicator describing the consistency of individual class assignments is the average posterior probability (AvePP). Values above 0.70 indicate well-separated classes (Nagin, 2005). The Entropy provides a condensed measure of classification accuracy and should be at least 0.6, while values between 0.8 and 1.0 are considered desirable (Bauer, 2022).





Results


Full sample description

The correlational results at the domain level presented in Table 3 were in line with previous empirical findings (e.g., Lionetti et al., 2019; Pluess et al., 2023). As anticipated, not only were the associations of AES and EOE with the FFM domains the highest but they were also distinct, indicating different interindividual trait patterns. When examining the relationships between the HSPS scales and FFM domains, the highest correlations were observed between AES and Openness (r = 0.52, p < 0.01) and EOE and Neuroticism (r = 0.51, p < 0.01). These differential relationships were also evident when comparing the correlations with Neuroticism (rAES = 0.10, p < 0.01; rEOE = 0.51, p < 0.01) and Openness (rAES = 0.52, p < 0.01; rEOE = 0.07, p < 0.05). A similar pattern emerged for Extraversion, with correlations with AES (r = 0.05, ns) and EOE (r = −0.43, p < 0.01). Agreeableness, on the other hand, consistently showed significant links with both HSPS-G subfactors (r = 0.17, p < 0.01). It’s worth noting that the contrast between AES (in the positive trait space) and the other two subfactors, EOE/LST (in the negative trait space), was smaller for LST than for EOE.



TABLE 3 Descriptives and bivariate correlations of sex, age, HSPS subfactors, and NEO-PI-R domains (Sample A).
[image: A correlation matrix displays relationships among variables related to aesthetic sensitivity (AES), ease of excitation (EOE), low sensory threshold (LST), neuroticism (N), extraversion (E), openness (O), agreeableness (A), and conscientiousness (C). It includes means, standard deviations, and significance levels, with sex and age as additional variables. Statistically significant correlations (p < 0.05 and p < 0.01) are indicated. The sample size is 1,102, and values reflect both the strength and direction of correlations.]



Latent profile analysis


Class enumeration and class diagnostics

Table 4 presents the model fit indices for the models in Sample A, Sample B, and the total sample. When inspecting the indicator profiles (i.e., subfactor profiles) of the several k + 1 class model solutions, we noticed that, as the number of classes increased, distinct classes arose on the basis of fine differentiations in the AES probabilities. This finding can be informative and theoretically meaningful only to a certain extent. Therefore, we concluded that overfitting occurred from the 6-class solution onwards. Focusing on the pattern obtained for AES (i.e., the positive trait space) and EOE/LST (i.e., the negative trait space) seemed to offer an interesting qualitative differentiation beginning with the 4-class model solutions. Hence, we selected models with 4 to 6 classes as “candidate models” (Masyn, 2013). The relative fit indices (i.e., BLRT and VLMR LRT) were inconclusive, as all model comparisons showed a significant improvement (i.e., k compared with k + 1 classes). LST and EOE regularly revealed the highest BVRs due to their high zero-order correlation (r = 0.63, p < 0.01) (see Table 3). Therefore, direct effects were probed (Oberski, 2016) when the BVRs were larger than 4 (Magidson et al., 2020). However, the fit indices did not improve substantially.



TABLE 4 Model fit indices of Sample A, Sample B, and total sample.
[image: A table displaying model fit indices for three samples (Sample A, Sample B, and Total Sample), each with varying numbers of classes (2 to 6). Columns include LL, BIC, AIC, BVR, VLMR, p-value, CE, R-squared, AWE, and ICL-BIC. Bold values highlight the final model fit indices.]

Below, we outline the process of assessing the candidate models for each sample separately and provide the model fit indices in Table 4. Figure 1 offers the HSPS profiling in the total sample. For Sample A, the 4-class and 5-class models exhibited similar Entropy (R2). The ICs (i.e., BIC and AIC) decreased only slightly when one more class was added; however, the CE appeared unfavorable compared with the 4-class model (13 to 17%). The 5-class and 6-class models showed decreases in the smallest class size to below 10 percent. The AWE and ICL-BIC increased from a 4-class to a 5-class solution, indicating that the best trade-off was achieved with the four classes. To resolve the remaining BVRs, we probed the impact of a direct effect on the relationship between LST and EOE. We could instead see a deterioration in the model fit indices (especially Entropy and CE) and yielded only slight superiority concerning the LogLikelihood (LL) and BIC. Therefore, we used the “native” (i.e., unconditional) model (Wang and Wang, 2020).

[image: Bar chart comparing sensitivity groups by z-score across four measures: Aesthetic Sensitivity, Ease of Excitation, Low Sensory Threshold, and HSPS-G Total Score. Groups include Low, Medium, Vulnerable, and Confident Sensitivity. Each group displays varying z-scores, with Low Sensitivity showing negative scores and Vulnerable and Confident displaying positive scores for most categories.]

FIGURE 1
 Standardized mean profiles of HSPS-G scores across sensitivity groups (total sample).


For sample B, the 4-class model showed a clear superiority over the 3-class and 5-class models with respect to the trade-off between Entropy and CE. The BVRs were within the recommended range. The 6-class model showed differentiation in the lower segment of the HSPS-G total score, which appeared uninformative, and class size comprised only 5 %. Again, the AWE and ICL-BIC increased from the 4-class to the 5-class solution. In Table 5, we present the AvePPs for each of the four classes of the total sample model. All groups reached the 0.70 threshold, indicating good separation.



TABLE 5 Average posterior probabilities (AvePP) of women, men and the total sample.
[image: Table showing average posterior probabilities (AvePP) for total sample, women, and men across four sensitivity groups: LSG, MSG, VSG, CSG. Diagonal values indicate AvePP, such as 0.90 for LSG in the total sample, 0.89 for women, and 0.93 for men. CSG has the highest AvePP for men at 0.94.]

Ultimately, considering the profiles, model fit statistics, and substantive interpretations, the best coherence across the two samples was attained with a 4-class model solution. This solution unveiled a qualitative differentiation at the upper range of the HSPS-G total score distribution, marked by opposite patterns for the AES and EOE subfactors. Consequently, we opted for this 4-class model for subsequent personality characterization and interpretation.




Mapping the sensitivity groups in the FFM space

To succinctly present the extensive results, Figures 1–3 visually represent the characterizations of the sensitivity groups. These figures illustrate the standardized means of the HSPS-G subfactors as well as the FFM profiles, encompassing the FFM domains and facets across all sensitivity groups. The confidence intervals offer insights into which characteristics exhibit significant post hoc differences, along with their effect sizes. To enhance clarity with respect to subtle differences, Supplementary Table S1 complements the figures with specific values and indexes for post hoc distinctions. Deviations from average scores were considered when z-scores reached 0.2, and these are interpreted as being profile-defining. To do so, we relied on Cohen (1992) recommendations for small effect sizes Cohen (1992). In the following sections, we present the key findings that are essential for interpreting the profiles. First, we analyze the outcomes for the HSPS-G subfactors, FFM domains, and FFM facets across all sensitivity groups. Subsequently, we delve into qualitative comparisons between the two high sensitivity groups.

[image: Bar chart illustrating z-scores of personality traits across four sensitivity groups: Low, Medium, Vulnerable, and Confident. Neuroticism is highest in the Vulnerable group, while Extraversion peaks in the Confident group. Low Sensitivity shows high Agreeableness. Medium group remains near zero for all traits. Error bars indicate variability. Traits include Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness.]

FIGURE 2
 Standardized mean profiles of personality domains across sensitivity groups (Sample A).


[image: Bar chart depicting Z-scores for various personality traits across four sensitivity groups: Low, Medium, Vulnerable, and Confident. Traits are categorized into Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness, each shown with different colors and listed traits. Error bars indicate variability.]

FIGURE 3
 Standardized mean profiles of the personality facets across sensitivity groups (Sample A).



The profiles of the low sensitivity group

Profile 1 comprised 9–13% of the individuals and was characterized by markedly below-average scores on all three HSPS-G subfactors and the total score. We named this group the Low Sensitivity Group (LSG). At the domain level, this group exhibited below-average scores on Neuroticism, Openness, and Agreeableness, whereas its Extraversion score was above average. On the FFM facet level, this group displayed a relatively uniform pattern of below-average expressions on the Neuroticism facets, with Impulsiveness (N5) being the lowest. Conversely, the facet profile was more varied for the Extraversion facets, highlighting characteristics such as Gregariousness (E2), Assertiveness (E3), and Excitement-Seeking (E5). There was a consistent trend of below-average expression on the Openness facets: Fantasy (O1), Aesthetics (O2), Feelings (O3), and Ideas (O5). Trust (A1) exhibited above-average scores, whereas all the other facets in the Agreeableness domain were below average, with varying effect sizes. For the Conscientiousness facets, only Competence (C1) was slightly higher than average.



The profiles of the medium sensitivity group

Profile 2 included 40–60% of the individuals and was typified by moderate scores on all three HSPS-G subfactors, earning it the Medium Sensitivity Group (MSG) designation. As anticipated, this profile represented the HSPS means of the total sample. The FFM domain and facet scores all reflected average scores.



The profiles of the vulnerable sensitivity group

Profile 3 comprised 20–38% of individuals and was characterized by an above-average HSPS total score, primarily driven by the EOE and LST subfactors (predominantly in the negative trait space). The AES subfactor exhibited relatively lower scores in comparison with the fourth group, yet still above average. We labeled this third sensitivity group the Vulnerable Sensitivity Group (VSG). At the domain level, this group was marked by above-average Neuroticism scores and below-average Extraversion scores. All other domain mean scores were within the average range, although there was a variability in magnitude. Notably, the Openness and Agreeableness mean scores surpassed those of the Medium Sensitivity Group. At the facet level, the VSG demonstrated a relatively consistent pattern of above-average scores on the Neuroticism facets, with the exception of Impulsivity (N5). By contrast, the Extraversion facets revealed more diversity. Specifically, below-average scores on Gregariousness (E2), Assertiveness (E3), Activity (E4), and Excitement-Seeking (E5) were prominent. For the Openness facets, the group demonstrated above-average levels of Fantasy (O1), Aesthetics (O2), and Feelings (O3), whereas Actions (O4) fell below average. For Agreeableness, the Trust (A1) scores were below average, whereas the Straightforwardness (A2), Modesty (A5), and Tender-Mindedness (A6) scores were above average. For Conscientiousness, only Competence (C1) and Deliberation (C6) were distinct such that Competence exhibited below-average scores, whereas Deliberation was above average.



The profiles of the confident sensitivity group

Profile 4 comprised 10–12% of individuals and was characterized by an above-average HSPS total score, primarily influenced by the AES subfactor (predominantly in the positive trait space). The LST and EOE levels were notably lower in comparison with the Vulnerable Sensitivity Group. We named this fourth sensitivity group the Confident Sensitivity Group (CSG). At the domain level, this group displayed average scores on Neuroticism, Agreeableness, and Conscientiousness. Its Extraversion scores were above average, and the Openness domain stood out with mean scores that were significantly above average. On the facet level, the Neuroticism facet pattern closely resembled that of the Medium Sensitivity Group. For Extraversion, the facets of Warmth (E1), Activity (E4), and Positive Emotions (E6) all had above-average scores. All the Openness facets also registered as above average, but there were noteworthy differences among them. In particular, Fantasy (O1), Aesthetics (O2), and Feelings (O3) stood out, with O2 and O3 even showing somewhat large deviations from the mean. For Agreeableness, the facets of Altruism (A3) and Tender-Mindedness (A6) exhibited above-average scores. Finally, for Conscientiousness, the facets of Competence (C1) and Achievement-Striving (C4) demonstrated above-average scores.




Contrasting the vulnerable sensitivity group and the confident sensitivity group

In Sample A, there were no significant differences between the CSG and the VSG in the HSPS total scores [Wald(1) = 0.71, p = 0.40] and the LST subfactor score [Wald(1) = 2.63, p = 0.11]. Thus, in Sample A, the distinction between these two sensitivity groups was derived solely from contrasting patterns in the AES and EOE subfactor scores. In the total sample, the effect size for the mean difference between the VSG and the CSG on the AES subfactor was moderate to large (d = 0.72). The effect sizes for the mean differences between the VSG and the CSG on the EOE and LST subfactors were small to medium (dEOE = 0.46; dLST = 0.43). The standardized mean subfactor scores from the total sample are presented in Figure 1, whereas all the raw means are presented in Table 6.



TABLE 6 Group sizes, HSPS-G raw means, and SE across all sensitivity groups and samples.
[image: The table displays group percentages and means with standard errors (M (SE)) for four groups: low sensitivity (LSG), medium sensitivity (MSG), vulnerable sensitivity (VSG), and confident sensitivity (CSG) across two samples, A and B, and the total sample. Variables include AES, EOE, LST, and SPS. Each section lists data such as group sizes and scores for these variables. Footnotes detail terms and indicate non-significant group differences with 'a'.]


Neuroticism

The difference between the VSG and the CSG on Neuroticism corresponded to a medium effect size [Wald(1) = 30.29, p < 0.001; dN = 0.66]. The VSG had the highest domain and facet scores. By contrast, the CSG’s Neuroticism pattern resembled that of the MSG. The CSG and the VSG contrasted across all facets except for Impulsiveness [N5; Wald(1) = 0.62, p = 0.43], which seemed to be the least distinctive facet. However, Vulnerability (N6) emerged as one of the most distinguishing facets across all the sensitivity groups. Notably, Anxiety (N1), Angry Hostility (N2), Depression (N3), Self-Consciousness (N4), and Vulnerability (N5) appeared to be particularly characteristic of the VSG. Whereas the effects were medium for Anxiety and Depression, the effects were smaller for Angry Hostility. Vulnerability and Self-Consciousness displayed the most pronounced effect sizes when the two high sensitivity groups were compared (dN4 = 0.70; dN6 = 0.62; all reported effects p < 0.01, except for N5).



Extraversion

For the Extraversion domain, the mean differences between the VSG and CSG was medium in magnitude [dE = 0.71; Wald(1) = 38.40, p < 0.001]. The CSG showed some similarities with the LSG in exhibiting more Extraversion than the VSG. Specifically, the CSG had the highest scores on Warmth (E1), Activity (E4), and Positive Emotions (E6), whereas the VSG exhibited the lowest scores on these facets. The mean differences on the facets all fell within the medium range (dE1 = 0.50; dE4 = 0.61; dE6 = 0.55; all effects p < 0.001). Notably, the mean differences on Gregariousness (E2) and Assertiveness (E3) showed large effect sizes (p < 0.001). Both groups exhibited negative scores on Excitement-Seeking [N5; dE5 = 0.33; Wald(1) = 8.48, p < 0.01], yet the CSG’s pattern resembled that of the MSG.



Openness

For the Openness domain, the VSG was significantly different from the CSG, exhibiting a large effect size [dO = 0.59; Wald(1) = 32.39, p < 0.001]. While the CSG recorded above-average scores, the VSG exhibited levels that were closer to the MSG. Only with respect to Fantasy (O1) did the CSG and VSG resemble each other [Wald(1) = 3.35, p = 0.07]. By contrast, for all other facets, the CSG surpassed the VSG (dO2 = 0.34; dO3 = 0.36; dO4 = 0.70; dO5 = 0.27, and dO6 = 0.4; all effects p < 0.001 except for O5 p = 0.03). Quantitatively, Actions (O4) appeared to be the most pertinent facet for distinguishing between the two high sensitivity groups.



Agreeableness

For the Agreeableness domain, there was no significant difference between the VSG and the CSG [Wald(1) = 0.01, p = 0.95]. However, small effects were observed on the facets of Trust (A1), Straightforwardness (A2), and Modesty (A5). On average, the CSG demonstrated higher levels of trustworthiness (dA1 = 0.39, p < 0.01), which resembled the MSG. Moreover, the CSG exhibited slightly lower scores on Straightforwardness (dA2 = 0.25, p = 0.04) compared with the VSG. Notably, the VSG displayed greater Modesty (dA5 = 0.29, p = 0.02) compared with the CSG, which had average levels similar to the MSG. No significant differences were found between the two sensitivity groups on Altruism (A3), Compliance (A4), or Tender-Mindedness (A6).



Conscientiousness

There were no significant differences between the VSG and the CSG on the Conscientiousness domain [Wald(1) = 0.86, p = 0.35]. By contrast, when considering the Conscientiousness facets, small effects were observed on the facets of Competence (C1), Achievement-Striving (C4), and Deliberation (C6). The CSG reported higher levels of self-efficacy and feelings of control over one’s life, with an effect size that was almost medium in magnitude (dC1 = 0.46, p < 0.001). Additionally, the CSG demonstrated higher levels of Achievement-Striving (dC4 = 0.31, p = 0.01). On the other hand, the VSG exhibited elevated levels of Deliberation (dC6 = 0.31, p = 0.02), whereas the CSG’s profile somewhat resembled that of the MSG.




The influence of sex and age groups on the latent sensitivity groups

On the basis of the previous SPS literature (Ueno et al., 2019; Weyn et al., 2021, 2022; Trå et al., 2022; Liu et al., 2023; Pérez-Chacón et al., 2023; Sperati et al., 2024b), it seemed reasonable to assess the influence of sex and age groups on the 4-class sensitivity group model. The correlations found in the current study between the HSPS-G total score and age (r = 0.18, p < 0.01) and the HSPS-G total score and sex (r = 0.30, p < 0.01) were in line with previous these findings and justify controlling for any potential group effects. Controlling for potential group effects on the latent sensitivity group structure is best achieved with measurement invariance (MI) analyses. The MI analyses required for LPA models are conceptually comparable to those for confirmatory factor analysis (CFA; Masyn, 2017; Kankaraš et al., 2018).

Kankaraš et al. (2018) proposed a procedure for MI analyses for latent class models. The authors suggested a sequential practice that consists of estimating four consecutive models and applying a stepwise assessment of the relationship of the independent grouping variable (i.e., sex or age) with the latent model and the manifest model indicators. They proposed starting with the most heterogeneous model (i.e., Model A, unrestricted) and ending with the most homogenous model (i.e., Model D, most restricted model with no sex or age effects). Thus, we assessed all four models for the best model fit [the formal presentation of Models A to D in Kankaraš et al. (2018)].

First, we included sex as an independent grouping variable in the MI models (Models A to D). Table 7 presents the model indices. According to Kankaraš et al. (2018), the BIC is the most conclusive indicator of the best fitting model. In Model A, all model parameters were unrestricted (i.e., slope, intercept, and interaction terms) and were estimated for each sex separately as though each sex needed their own model. In Model B, the CRPs were allowed to be different; however, the slope parameters were assumed to be equal between the sexes. This model corresponds to metric equivalence in CFA (Kankaraš et al., 2018). Speaking in terms of an item analysis, the item difficulties of men and women can be different (see Supplementary Figures S1, S2). A previous study already demonstrated that men’s and women’s item difficulties are likely to be different when SPS is measured with the HSPS-G (Konrad and Herzberg, 2017). Moreover, the Highly Sensitive Child Scale frequently shows MI for sex groups (Weyn et al., 2021, 2022; Sperati et al., 2024b). In Model C, the CRPs (i.e., item difficulties) were restricted to be equal. In a CFA, loadings and item intercepts are assumed to be equal, corresponding to the notion of scalar equivalence. In Model D, we omitted the sex variable, corresponding to the model presented in Table 7 and assuming that sex had no influence on the latent modeling. Table 7 shows that Model B had the lowest BIC value. Therefore, metric equivalence could be accepted, thereby making it necessary to consider the different HSPS-G subfactor means for men and women separately. Consequently, in the following subchapters, we present the normative considerations and cut-off scores separately for men and women. Due to space constraints, we offer the sex-specific item-level difficulties in Supplementary Table S2 and Supplementary Figure S1. They show that (sex-specific) differential item functioning is most relevant for the items from the EOE subfactor.



TABLE 7 Model fit indices of the measurement invariance analyses regarding sex and age groups.
[image: Table showing MI models for sex and age groups with detailed metrics: LL, BIC, AIC, Npar, VLMR, p, CE, R², AWE, ICL-BIC. Bold entries indicate final model metrics. Two sections compare sex groups (N=1,628) and age groups (N=1,628). Model B is highlighted for sex; Model D for age.]

In line with the results of the MI analysis (i.e., partial homogeneity reflected by the best-fitting Model B), the sex-specific AvePP (Table 5) and density curves (Figure 4) supported the notion of structural equivalence. Table 5 shows that the classification of men and women (AvePP ranges from 0.80 to 0.94) from the 4-class model with four sensitivity groups was just as successful (Nagin, 2005). The most striking differences in the AvePP can be seen in the LSG and the VSG. Men were more accurately assigned to the LSG (AvePP = 0.93) than women (AvePP = 0.89). Conversely, the classification accuracy in the VSG was slightly higher for women (AvePP = 0.84) than for men (AvePP = 0.80).

[image: Density plots labeled A and B comparing the HSPS-G total score distribution by sensitivity levels. Plot A shows peaks for low, medium, and high sensitivity at approximately 55, 70, and 85, respectively. Plot B shows similar sensitivity peaks, slightly shifted toward lower scores. Color-coded legend: blue for low sensitivity, green for medium, and pink for high. Vertical dashed lines indicate key score thresholds.]

FIGURE 4
 Sex-specific density plots and cut-off scores for (A) women and (B) men.


Moreover, in Figure 4, we present the density curves of the three quantitative sensitivity ranges, thus enabling the derivation of the sex-specific cut-off scores. The overlapping proportions of the density curves represent the CE, whereas the overlap-free proportions reflect the AvePP. The highest classification inaccuracy appeared between the MSG and the two high-sensitivity groups (the VSG and the CSG). A closer look at the AvePP, depicted for all four sensitivity groups, allowed us to infer that issues in discriminating the VSG from the MSG were the main cause of the classification error (CE in the VSG in the total sample was 0.17 compared with 0.07 in the CSG).

Second, we included age groups as an independent variable in the MI models (Models A to D). The above description of consecutive restrictions on model parameters also applied to the second MI analysis with age. For this analysis, we created four age categories with nearly balanced sample sizes. In these groups, the ages ranged from 16 to 30 (N = 407), from 31 to 40 (N = 453), from 41 to 50 (N = 464), and from 51 to 99 (N = 304). In this analysis of the models with age, the best fitting model was Model D (i.e., complete homogeneity; see Table 7)—where the age groups did not influence the latent structure or the manifest indicators (Kankaraš et al., 2018).

In conclusion, our MI analyses revealed that it is vital to consider the sex-specific HSPS-G subfactor means when assigning men and women to the sensitivity groups because partial measurement invariance can be assumed for the latent profile model of sensitivity groups (due to the best fit of Model B). By contrast, it is most appropriate to assume that age does not influence the latent modeling (due to the best fit of Model D). Despite these findings from our exploratory study, the profiles for the CSG and the VSG based on the AES and EOE/LST subfactor constellation still held across all eight MI models, strengthening the validity of the distinction of latent sensitivity groups in the high-sensitivity range.

Finally, we showed that metric equivalence between men and women can be assumed for the sensitivity groups. Unfortunately, we could not transfer this finding to the external variables we included in our study (i.e., NEO-PI-R domains and facets). However, differences in levels of personality traits between the sexes have been identified (Bröhl et al., 2021). As our sample size lacks the power to test for potential mean effects, especially in the high-sensitivity groups, the question about whether there are sex-specific mean differences in the FFM personality domains and facets across the sensitivity groups is work for future research and thus needs to be considered a limitation of our findings.



Cut-off scores and normative considerations

In a final secondary analysis, we aimed to provide other researchers and practitioners with the tools to utilize the sensitivity groups derived from our study in their own research or treatment settings. The sensitivity groups were technically derived from a discriminant function (DF) of the LPA, allowing the application to new datasets (Herzberg and Hoyer, 2009) or individual HSPS-G subfactor scores in two distinct ways. First, researchers can apply the DF directly to their data sets when their data includes the HSPS-G subfactors, which will be primarily relevant for researchers in German-speaking countries. Second, researchers and practitioners could use cut-off scores and T scores (i.e., normative values) to assign the observed individuals to the sensitivity groups. Here, we elucidate the latter (indirect) approach in more detail.

We graphically determined the threshold values of the total sample to derive cut-off scores, which mark the quantitative differences between the sensitivity groups (i.e., low, medium, high). Here, we combined the two high-sensitivity groups (i.e., the VSG and CSG) into one characteristic high-sensitivity range (see Figures 4A,B). We obtained scores of 60.10 (men) and 62.15 (women) for the separation of the LSG and MSG (i.e., lower cut-offs). Furthermore, scores of 80.80 (men) and 83.73 (women) emerged for the separation of the MSG and the high sensitivity range (i.e., upper cut-offs).

Now that we have achieved a quantitative distinction, we referred to the sex-specific normative values (Herzberg et al., 2022) for the qualitative differentiation in the high-sensitivity range, providing a normative approach for identifying the VSG and CSG (see Table 8). Given that sex differences have consistently been reported in the previous literature (Konrad and Herzberg, 2017; Weyn et al., 2021; Pérez-Chacón et al., 2023), a sex-specific approach was necessary. The categorization of test scores as below or above average by utilizing T scores of 40 (–1 SD) to 60 (+1 SD) as normative thresholds is a widely accepted practice (Cassel, 1963; Flanagan and Caltabiano, 2004). Table 8 presents the T scores applied to the total sample.



TABLE 8 Sex and sensitivity group-specific descriptives, group size, and T scores.
[image: Table comparing four sensitivity groups: LSG (74 men, 102 women), MSG (118 men, 806 women), VSG (24 men, 290 women), and CSG (14 men, 200 women). It lists means (M), standard deviations (SD), and T scores for four measures (HSP, AES, EOE, LST) for both men and women. For example, HSP in LSG has M of 44.69, SD of 11.55, T score of 42 for men, and M of 50.87, SD of 7.84, T score of 36 for women. Footnote explains group acronyms.]

In the most unambiguous case of normative identification, the EOE/LST and AES subfactor scores would directly correspond with the normative categories (i.e., average, above-average, and below-average). Precisely speaking, a constellation of above-average scores on the AES subfactor accompanied by average scores on the EOE and LST subfactors would indicate the assignment of an individual to the CSG. And vice versa for the VSG. Unfortunately, this was only partly successful.

Suppose an individual surpasses the HSPS-G’s upper cut-off score (see above). In that case, the assignment to the VSG or CSG succeeds in three of four cases on the basis of the proposed categorization (i.e., relying on T40 and T60, as described above). For the female VSG group, however, the bounds deviate. The EOE and LST subfactors’ T scores were below 60. From our perspective, researchers could adapt their categorization to this exception by lowering the thresholds.

The disproportionately low number of items of the AES subfactor might have contributed to the lower HSPS total scores accompanied by the lower T scores in the CSG (Tmale = 58 and Tfemale = 56 in the CSG compared with Tmale = 63 and Tfemale = 61 in the VSG), considering that the AES was the dominant subfactor for the CSG. The probability of achieving above-average HSPS total score levels could increase with more positive items. Moreover, the T scores of the HSPS subfactors in the CSG reflected a more precise discriminant pattern than in the VSG, with the EOE and LST scores falling within the average ranges while the AES surpassed the average. Consequently, it will be more straightforward to use normative references to identify individuals in the CSG than in the VSG. This finding aligned with the other classification accuracy indices we reported above.




Discussion

We applied an LPA to the HSPS subfactor level to identify latent sensitivity groups. In two independent samples, the four-class solution most consistently demonstrated the best fit to both data sets and enabled a meaningful interpretation. These four groups presented both a general quantitative distinction (i.e., low, medium, and high sensitivity) and qualitative differences within the high sensitivity spectrum (i.e., vulnerable high sensitivity and resilient/confident high sensitivity), the latter confirming our expectation of heterogeneity in the highly sensitive population. Next, to illuminate the differential personality functioning that is probably linked to the experience of sensitivity, we contrast vulnerable sensitivity (i.e., introverted-neurotic personality) and confident sensitivity (i.e., extraverted-open personality) in the light of previous research. First, we explain the labeling of our high sensitivity groups in line with prototypical personality research, as we use these labels throughout the article. Second, Extraversion appears to moderate the contrasting domain patterns of Neuroticism and Openness in the highly sensitive groups. These respective domain constellations appear to be relevant for individuals’ propensity to experience sensitivity as a blessing or as a challenge. In particular, we shed light on the social implications that come from viewing sensitivity through the lens of the FFM personality facets. Finally, we briefly discuss developmental ideas and the need for future studies with regard to the sensitivity groups.

The main reason we labeled the high sensitivity groups “vulnerable” and “confident” is that their profiles resembled well-established prototypical personality profiles and their associations, for example, with affective and cognitive wellbeing (Kerber et al., 2021). The VSG’s profile resembled that of a typical overcontroller (with slight deviations in the Openness domain), whereas the CSG’s profile was largely in line with the confident prototype (see Figure 2). The correspondence of the FFM domain profiles enabled us to integrate the differential empirical insights from prototypical personality research into our interpretation of the sensitivity groups’ profile. For instance, Kerber et al.’s (2021) study provided hints about the differential levels of locus of control, self-esteem, affective well-being, and cognitive well-being from a large representative German sample.

Regarding the VSG’s domain profile, the overcontrolled prototype tended to score above average on Neuroticism and below average on Extraversion. They often displayed traits such as constraint, emotional inhibition, external locus of control, low self-esteem, and diminished emotional and cognitive well-being, whereby all these features are linked to Neuroticism (Kerber et al., 2021). The VSG’s alignment with the overcontrolled prototype, coupled with their particularly elevated levels of Anxiety (N1), Self-Consciousness (N4), and Vulnerability (N6), indicates a neurotic personality structure that likely predisposes these individuals to psychopathological trajectories (Ormel et al., 2004; Griffith et al., 2010; Hengartner et al., 2016). In studies on SPS, this vulnerable predisposition has already been demonstrated, for instance, with respect to stress and burnout (Redfearn et al., 2020; Golonka and Gulla, 2021; Pérez-Chacón et al., 2021; Chacón et al., 2023), anxiety (Liss et al., 2005; Hofmann and Bitran, 2007; Liss et al., 2008), and depression (Liss et al., 2005; Wu et al., 2021). Conversely, the CSG’s domain profile is in line with the confident prototype, also resembling the well-adjusted prototype, typically scoring below-average on Neuroticism and showing above-average or intermediate levels on the other domains (Kerber et al., 2021), especially Extraversion and Openness (Herzberg and Hoyer, 2009). As children, confidents are easy and responsive in social interactions, love to do exercises, and can easily handle being separated from their parents (Kerber et al., 2021). In the Dunedin study, Caspi et al. (2003) found that the confident children appeared to score lowest on Traditionalism, highest in Social Potency, and highest on Positive Emotionality. These personality aspects were continuously expressed through high Extraversion and Openness scores at the age of 26. With respect to, for example, Warmth (E1), Activity (E4), Positive Emotions (E6), and Openness to Values (O6), the CSG’s personality facets matched the description of the confident prototype. Finally, confidents demonstrated at least average levels of internal locus of control, self-esteem, and positive emotional and cognitive well-being (Kerber et al., 2021), thereby contrasting the personality profile of the VSG.

Supplementing the impression of the prototypical personality with the respective differential associations in the nomological net, as demonstrated for the sensitivity groups’ dominant HSPS subfactors, creates a solid basis for labeling. More precisely, we found a highly sensitive group characterized by the EOE subfactor, which is anchored in the negative trait space, and a highly sensitive group characterized by the AES subfactor, embedded in the positive trait space. Hence, the differential associations of the dominant HSPS subfactors (i.e., EOE and AES) in the different sensitivity groups with external constructs in both the negative trait spaces [e.g., Negative Affect (Evans and Rothbart, 2009), alexithymia (Jakobson and Rigby, 2021)] and in the positive trait spaces (e.g., resilience and well-being; Sobocko and Zelenski, 2015; Gulla and Golonka, 2021) amplify the impression of vulnerability and confidence. Remarkably, Jauk et al. (2023) also found that the pattern of high EOE levels and lower AES levels (resembling the VSG) was associated with vulnerable narcissism and hypersensitive narcissism, which is linked to neurotic-introverted personality functioning. They used the original HSPS (Aron and Aron, 1997) and identified this constellation of AES and EOE as the group-determining subfactor pattern that underlines the reproducibility of our findings. In the following, we further emphasize and discuss the contrasting appearance of vulnerability and confidence with respect to the nuanced FFM facet profiles, among other characteristics.

No group had balanced levels of AES and EOE. Instead, it seems that adult HSPs, who have already had many learning experiences in life, with and within the environment, tend to develop an imbalanced typical interactive style (i.e., personality) and are inclined to face environmental stimuli with either above-average Neuroticism and less Openness (in the VSG) or with average Neuroticism and more Openness (in the CSG). This typological distinction represents the core contribution of our study because previous research has regularly found that SPS is strongly correlated with these domains (Lionetti et al., 2019; Bröhl et al., 2020; Pluess et al., 2023), thus implying validity for all participants in the sample from a variable-centered perspective. In addition, we observed that the level of Extraversion appears to be the sensitivity groups’ discriminant feature, which means that the HSPS subfactor pattern is mirrored by the individual level of Extraversion, thus determining which group an individual likely belongs to. Specifically, the CSG’s higher Extraversion levels are related to higher Openness and rather average levels of Neuroticism, whereas lower Extraversion (i.e., Introversion) is linked to higher levels of Neuroticism and rather average levels of Openness.

Examining the group-related patterns of Neuroticism and Openness allowed us to reflect on their respective potential for enlivening the blessings of SPS, as previous research has shown that the pattern of these domains predicts giftedness (Rinn et al., 2018; De Gucht et al., 2023) and abilities such as creativity (Bridges and Schendan, 2019) and interpersonal sensitivity (Tabak et al., 2022) in both ways (i.e., favoring or attenuating). Looking at the two domains separately, on the one hand, Neuroticism can dampen creativity and performance, similar to test anxiety in educational contexts, where individuals may struggle with limited working memory capacity due to anxiety, which ultimately impacts their performance (von der Embse et al., 2018; Hellwig and Roth, 2021). This phenomenon is supported by research on how working memory resources are strained by negative affect (similar to Neuroticism), which can undermine aesthetic experiences (Weigand and Jacobsen, 2021), thus potentially accounting for the slightly lower scores on Aesthetics (O2) in the VSG. On the other hand, the Openness domain predominantly emphasizes cognitive aspects and is often associated with intelligence (Gignac et al., 2004; Harris, 2004; Rammstedt et al., 2018) and creativity (Li et al., 2015; Puryear et al., 2017).

For instance, De Gucht et al. (2023) showed that gifted people score higher on the positive higher-order factor and lower on the negative higher-order factor of the Sensory Processing Sensitivity Questionnaire (SPSQ), which is a novel SPS measurement tool (De Gucht et al., 2022; De Gucht and Woestenburg, 2024). The effects of the mean differences were primarily driven by the Aesthetic Sensitivity and Social Affective Sensitivity subscales (both loading on the positive higher-order factor) and the subscale Emotional Physiological Reactivity (loading on the negative higher-order factor). Interestingly, in the construction analyses, when the authors demonstrated convergent validity between the traditional measure (i.e., HSPS) and the new one (i.e., SPSQ) (De Gucht et al., 2022), the most predictive SPSQ subscales (EPR and AS) of giftedness showed the highest significant correlations with the AES subfactor (correlating with AS, r = 0.66, p < 0.001) and the EOE subfactor (correlating with EPR, r = 0.83, p < 0.001). Furthermore, both SPSQ subscales showed the highest significant correlations with Neuroticism (for EPR, r = 0.70, p < 0.001) and Openness (for AS, r = 0.60, p < 0.001). Therefore, the authors probed the mediating roles of Neuroticism and Openness in the relationships between the SPSQ subscales with giftedness and found that the effects could partially be explained by Neuroticism and Openness, respectively. In conclusion, the study on giftedness supports the notion that the patterns of Neuroticism and Openness determine the potential for giftedness. Moreover, the close link between the latent factors of the two questionnaires suggests that the application of a person-centered approach using the SPSQ subscales could also reveal sensitivity groups that largely correspond to our VSG and CSG. However, in future studies, the use of six subscales, beyond the differentiation already provided by the three HSPS subfactors, could reveal more interindividual differences in the spectrum of high sensitivity.

Although the SPSQ’s Social Affective Sensitivity (SAS) subscale, which captures the social aspect of sensitivity (De Gucht et al., 2022), showed subordinate relevance for predicting giftedness (De Gucht et al., 2023), we think that this subscale could be a particularly interesting facet for a typological differentiation of high sensitivity in future research. In our study, the two sensitivity groups had equally high scores on Tender-Mindedness (i.e., reflecting an orientation toward the social and having sympathy for others, A6), indicating a shared trait with large effect sizes in mean differences when compared with the LSG (d = 1). Therefore, Tender-Mindedness seems to be a hallmark of high sensitivity when compared with low sensitivity. Nevertheless, the other parts of the facet profile suggest that the two sensitivity groups express social orientation in different ways (i.e., being compassionate, understanding, merciful, kind-hearted, people-friendly).

First, individuals in the VSG tend to be reserved, experience higher levels of worry (N1) and irritability, low self-confidence (N3), diminished self-worth (N3), reduced coping efficacy (N6), tend to strongly avoid big social gatherings or crowds (E2), are less assertive, do not like to engage in leadership behavior (E3), and prefer a slow-paced life (E4). This group’s profile also shows slightly lower Trust (A1) and more Modesty (A5), simultaneously showing a slightly below-average level of Competence (C1) and slightly more Deliberation (C6). When Deliberation is expressed more neurotically, which is evident in the VSG, it can easily turn into rumination and depression (Wisco, 1996). By contrast, individuals in the CSG seem to be the most cordial (E1), vigorous (E4), optimistic (E6), and most likely to express positive affect in comparison with all other sensitivity groups, even higher than the LSG in these regards. By extension, heightened levels of Actions (O4) indicate that the CSG is more engaged in trying new methods and willing to engage in new experiences and new surroundings. This group showed an average level of Trust (A1), slightly more Altruism (A3), higher Competence (C1), and more Achievement-Striving (C4). Considering both facet profiles allowed us to illuminate the fine-grained divergent colorations of Tender-Mindedness in the highly sensitive individuals, namely, neurotic-introverted in the VSG and extraverted-open in the CSG. Thus, the internalizing tendencies and passiveness in relation to SPS found by Bröhl et al. (2021), who took a variable-centered perspective, seem to apply to the VSG group but not the CSG. Person-centered approaches, such as the one we used in our study, allow such interindividual differences to be uncovered.

Second, both high sensitivity groups exhibited aspects of Openness, such as an active imagination, a penchant for daydreaming (O1), a strong interest in music and the arts (O2), and intense emotional experiences (O3). However, the VSG displayed lower levels of these traits, particularly in relation to recognizing and understanding emotions, as exemplified by the Feelings facet (O3). One explanation for this finding could be that individuals in the VSG tend to become overexcited and overwhelmed by sensory stimuli in earlier stages, consequently affecting their ability to fully appreciate the subtleties of emotional and social behavioral cues and resulting in a decline in their ability to emotionally connect with others and effectively regulate their own emotional experiences (Brindle et al., 2015; Sperati et al., 2024a). This idea is aligned with the notion of alexithymia and was recently investigated in relation to SPS (Jakobson and Rigby, 2021). In their study, the authors showed that the EOE subfactor was strongly related to issues in emotional appraisal (captured by the TAS-20 subscales Difficulties Identifying Feelings and Difficulties Differentiating Feelings), and thus, the VSG may also exhibit alexithymic tendencies. Moreover, in the second part of their study, Jakobson and Rigby (2021) showed that the two highly sensitive groups they found—alexithymic orchids (resembling the VSG) and lexithymic orchids (resembling the CSG)—differed in psychological health. The alexithymic orchids (i.e., high sensitivity linked to alexithymia) showed the highest psychological burdens in terms of depression, anxiety, and stress. This finding also illustrates a significant overlap with the overcontrolled prototype (Kerber et al., 2021), which we assume is also very similar to the VSG. Critically, Jakobson and Rigby (2021) used a different conceptualization of sensory processing in the LPA, which should not be confused with SPS, but has some overlap in measurement (Turjeman-Levi and Kluger, 2022). By contrast, the CSG demonstrated a more pronounced ability to recognize and understand emotions, which likely facilitates their utilization of the wealth of information provided by their keen emotional perceptiveness and depth of processing. For this group, the SPS element of overarousal seems to play a subordinate role, which is supported by previous results indicating that SPS is not inevitably linked to overarousal (Evans and Rothbart, 2008).

In conclusion, it is conceivable that the shared trait of Tender-Mindedness reflects the importance of the social environment for the highly sensitive person, but the remaining personality facets allude to a different interpersonal behavior and can supposedly be viewed in close connection to differential abilities in interpersonal sensitivity (Tabak et al., 2022). Tabak et al. (2022) showed that the EOE and LST subfactors and the AES subfactor had differential relationships with positive and negative interpersonal sensitivity (see Tabak et al., 2022, for more details).

In the early stages of life, the environment is predominantly a social experience for all people (e.g., Heim et al., 2019). However, highly sensitive people are disproportionately shaped by the environment from birth due to their genetic predisposition to sensitivity (Aron et al., 2012). Therefore, researchers have proposed that early experiences largely shape the type of environmental sensitivity an individual develops (vulnerable, neutral, vantage; see Pluess, 2015). The two different sensitivity groups that emerged in our analyses are closely related to this theory and to the seminal work by Aron and Aron (1997, Studies 2, 3, and 4), who also identified differences between sensitivity clusters in terms of (mal)adaptability, depending on the pattern of Neuroticism and Extraversion and probably due to different rearing environments. Later, the same authors showed that (early) negative childhood experiences are related to negative affectivity (which is strongly associated with neuroticism), especially when SPS is high (Aron et al., 2005). Moreover, as the EOE subfactor (dominant in VSG) seems to indicate a higher vulnerability potential (Jauk et al., 2023), and both alexithymia (Jakobson and Rigby, 2021) and narcissistic traits can be associated with or attributed to trauma (e.g., abuse) and a difficult upbringing, we assume that, in the VSG, the probability of a history of trauma with subsequent restrictions in emotion regulation is conclusive.

As our study did not include data on childhood characteristics (e.g., early parenting conditions), attachment style, or other biographical data, nor did we collect measures of reactivity, we can only guess about the origins of vulnerability and confidence. For the same reason, we can only conjecture about the type of environmental sensitivity (Pluess, 2015) in our sensitivity groups. However, at the beginning of our study, we assumed that a group with balanced scores on the HSPS subfactors representing the negative and positive sides of HSP would be most consistent with the theoretical concept of differential sensitivity. As a result of our exploratory approach, we were unable to find such a group, but differential susceptibility may apply to our groups.

At first glance, our naming of the sensitivity groups, particularly the label “vulnerable,” might imply agreement with the diathesis-stress model (Pluess, 2015). However, from our analyses, we cannot know whether the VSG would also benefit disproportionately from positive environments (i.e., vantage sensitivity), such as attending HSP support programs, seeking psychotherapy, or simply going to the forest and enjoying nature (Setti et al., 2022). Such an equally heightened reactivity to negatively and positively valenced environments would indicate differential susceptibility and would be consistent with the theory of SPS. Empirical findings are inconsistent in that some studies confirm the assumption of differential susceptibility (Slagt et al., 2015; Davies et al., 2021; Pluess et al., 2023), and some do not find empirical support (Slagt et al., 2017; Li et al., 2023). From a differential susceptibility perspective, it could be hypothesized that the CSG’s higher resilience is associated with vantage resistance, meaning that factors that determine resilience to adversity also lead to the CSG being less receptive to positive experiences (Pluess and Belsky, 2013). The question of ES type is the subject of current scientific debate, and future research should incorporate such variables to clarify the importance of rearing conditions for the development of a more vulnerable or more confident personality in the highly sensitive individual.


Strengths and limitations

First, we employed two independent samples to cross-validate the latent sensitivity groups, a crucial step when utilizing LPA due to its data-driven nature. The identification of a latent group structure through LPA relies heavily on the sample’s composition (Herzberg and Roth, 2006). Consequently, the emergence of distinct subfactor patterns for highly sensitive groups, linked to either the negative or positive trait space of SPS, could have been influenced by self-selection biases in the samples (i.e., overrepresentation of self-identified highly sensitive people). Accordingly, the means in our sample were relatively high when compared with other studies conducted in the German language (Roth et al., 2023). In sample B and in the overall sample, we confirmed the prevailing prevalence values of approximately 30% of individuals with highly sensitivity, 40% with moderate sensitivity, and 30% with low sensitivity in the population (Lionetti et al., 2018; May et al., 2020; Yano and Oishi, 2021). Our findings also suggest that about 10% possess a confident (resilient) personality, whereas 20% could be considered vulnerable. It is essential to regard the sensitivity groups’ prevalence estimates, along with the associated cutoff-scores, as preliminary and in need of replication. To achieve greater reliability, it would be advisable to seek a representative sample or, at the very least, to ensure coverage of the general population. Such a sample was used for the construction and validation of the SPSQ (De Gucht et al., 2022). Collaborative research endeavors could yield a reliable population-valid discriminant function for assigning individuals to specific sensitivity groups. Such a discriminant function could prove valuable in smaller samples, which are common in laboratory studies or other research contexts in which the sample size necessary for person-centered exploratory methods such as LPA might not be attainable (Herzberg and Hoyer, 2009).

Second, the sex-specific correspondence of our latent group structure with German normative T scores demonstrated that the interpretation of the sensitivity groups holds substantial meaning. Consequently, we propose that, instead of focusing solely on the HSPS total score, an insightful approach would involve considering the subfactor patterns within the spectrum of high sensitivity. Unfortunately, our samples are characterized by a high proportion of women. Therefore, we conducted multigroup analyses to assess the effects of sex and age groups on latent group modeling. Age did not moderate the latent structure, however this result could be valid only for adults, as studies have observed effects in adolescent participants (Weyn et al., 2021). Due to the small number of male participants in the high-sensitivity groups (the VSG and CSG together yield n = 38), caution is warranted for the cut-off scores. Although we demonstrated their validity (i.e., metric equivalence), the validity is called into question by the imbalance between men and women (Yoon and Lai, 2018). In addition, there may be sex differences in the sensitivity groups for the FFM domain and facet profiles. Unfortunately, our sample size did not allow us to test for sex differences, as the (male) high-sensitivity groups were too small lacked power. Finally, future research could consider other sociodemographic variables, such as education or employment status, for multigroup analyses (i.e., measurement invariance analyses).

Lastly, the German AES subfactor contains only five items, has only moderate internal consistency (Cronbach’s α = 0.65), and the CSG shows no variance in this respect (M = 20; SD = 0). Therefore, a measurement tool that captures a broader picture of the HSP’s positive experiences could be beneficial. Recently, a novel extended questionnaire for adults that offers the opportunity to achieve differentiated insight into SPS’s positive and negative domains was proposed (De Gucht et al., 2022; De Gucht and Woestenburg, 2024). Our study yielded two sensitivity groups with different trait-space dominance, either EOE-dominant or AES-dominant. Using the SPSQ as a measurement tool could increase the probability of presenting a sensitivity group with balanced profiles.




Conclusion

When combined with an average score on EOE, an above-average score on the AES subscale suggests classification as the confident type of highly sensitive person. These individuals utilize aesthetic impressions actively and extraverted with less neurotic coloration. From previous empirical literature on HSPS subfactors’ associations and prototypical personality types, we presume the confident type experiences heightened sensitivity more likely as a blessing. Furthermore, the confident inclination might be linked to greater self-worth and a superior capacity to self-regulate the intense processing of environmental stimuli compared to the vulnerable disposition. Conversely, an average score on the AES subfactor in conjunction with an above-average score on the EOE subfactor suggests classification as the vulnerable high-sensitivity type. These individuals adopt a passive and introverted approach to utilizing aesthetic impressions with more neurotic tendencies. From previous empirical literature on HSPS subfactors’ associations and prototypical personality types, we presume the vulnerable type experiences heightened sensitivity more likely as a challenge. Moreover, the vulnerable inclination might be tied to challenges in self-regulation of intense sensory processing, leading to heightened stress and health risks.

In summary, our study provides a more nuanced understanding of interindividual personality differences in highly sensitive individuals. Therefore, it is worthwhile to further investigate these differences to attain a more fine-grained and accurate knowledge of sensitivity effects, which might otherwise remain underexplored or subject to bias (Pluess, 2015; Acevedo, 2020).
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Harsh and unsupportive parenting is a risk factor for the development of disruptive behavior in children. However, little is known about how children’s temperament and stress reactivity influence this relation. In a three-wave longitudinal study, we examined whether the associations between parenting practices (supportive parenting, positive discipline, and harsh discipline) and child disruptive behavior were mediated by child temperament (negative emotionality) and stress reactivity (heart rate reactivity). In 72 families (Mage child = 14.6 months), living in the Netherlands, parents reported on their parenting practices and their children’s disruptive behavior and negative emotionality. Children’s heart rate reactivity was assessed through a series of stress-inducing tasks. Results from regression-based mediation analyses with bootstrapping showed that negative emotionality and stress reactivity did not mediate the relation between parenting and disruptive behavior. The results overall demonstrate that in a group of children this age, a reinforcing dynamic between parenting, child stress and disruptive behavior is not yet firmly established.
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Introduction

As infants transition to toddlerhood, they develop more mobile and willful behavior, while still not being fully able to regulate their emotions. This can lead to behaviors that can be challenging for parents to manage and can lead to more serious disruptive problem behavior. Disruptive behavior in childhood is characterized by disobedience, defiance of authority, an angry or irritable mood state, and verbal or physical aggression toward others. While disruptive behavior is part of normative development (Scaramella and Leve, 2004) and typically decreases with age (Olson et al., 2017), if it persists or worsens over time, it can cascade into pervasive impairments in emotional, social, and academic functioning. Consequently, disruptive behavior can increase the risk of later clinical diagnoses of externalizing disorders (Caspi et al., 2020). Moreover, early-onset disruptive behavior is associated with increased risk of health problems, school drop-out, substance abuse, and delinquency, which carries substantial emotional and financial costs to the individual and society (Rivenbark et al., 2018). This spillover effect from one domain or developmental system to another features a developmental cascade that may alter the course of development [see Masten and Cicchetti (2010)]. Thus, it is important to either reduce or prevent the worsening of children’s disruptive behavior as early as possible, ideally during the transition into toddlerhood. Improving our understanding of factors and mechanisms that underlie children’s disruptive behavior can pave the way for more effective preventive intervention.

To understand the development of child disruptive behavior, it is important to consider its key determinants. Parenting practices have been identified as the most important contributor to changes in disruptive behavior (Boeldt et al., 2012; Pinquart, 2017). When parents apply harsh and physical disciplining strategies (e.g., yelling, hitting, and humiliating) and lack parental warmth and sensitivity, the likelihood of disruptive behavior in their children increases (Grasso et al., 2016; Brown et al., 2022). In contrast, experiencing warm, supportive, and responsive parenting behavior (e.g., seeing the child’s needs, being able to comfort the child, and complimenting the child) can prevent or decrease disruptive behavior (Davidov and Grusec, 2006; Waller et al., 2014; van Aar et al., 2017). However, little is known about what factors underlie in the link between parenting and children’s disruptive behavior and, in particular, the role of children’s temperament and psychophysiological indicators of stress reactivity in this relationship.

Parenting, negative emotionality and stress reactivity are often seen as independent contributors to the development of disruptive behavior, but the literature also suggests ways in which these constructs are linked across time. For instance, harsh parenting predicts changes in negative emotionality, and negative emotionality predicts changes in disruptive behavior when parenting is warm and supportive (Bates et al., 2019). Yet, there is a remarkable scarcity of longitudinal studies that combine parent-report and child physiological data to study these relations, especially in early-life family situations. It is important to study such early-life family situations, as early childhood is marked by especially rapid physical, motor, cognitive, and emotional regulatory growth (Ainsfeld, 1984; Jennings, 1991). Toddlers begin to explore their environment and learn that their behavior elicits specific responses (Kochanska et al., 1998). This can be challenging for parents, as many of these behaviors involve toddlers’ willful non-compliance (Scaramella and Leve, 2004).


Relations between parenting practices, negative emotionality and disruptive behavior

An influential factor in children’s development of disruptive behavior is their ability to learn how to regulate emotional responses and related behaviors (Morris et al., 2007). During the first years of life, negative emotionality is considered a core component of temperament (i.e., individual differences in reactivity and self-regulation) (Rothbart and Bates, 2006) and is typically defined as the tendency to easily get distressed, experience more frustration, anger, sadness, and fear (Putnam et al., 2002). According to the tripartite model parents influence their child’s emotion regulation and behavior in several important ways: through modeling their own emotion regulation strategies (e.g., modeling, social referencing), through emotion-related parenting practices (e.g., emotion coaching), and creating a general emotional climate within the family (e.g., attachment, parenting style) (Morris et al., 2017). Even though negative emotionality was originally considered to be a stable construct, it has now been shown that it develops over time (Shiner and Caspi, 2003; Van Aken et al., 2007) and that this development is influenced by parenting (Klein et al., 2018; Huijzer-Engbrenghof et al., 2023). This suggests a mediational path from harsh and unsupportive parenting to more disruptive behavior via an increase in negative emotionality.

Indeed, the literature provides some tentative evidence for this association. For instance, a review found that more psychological control in parenting was related to more negative emotionality across childhood, which was also related to more adjustment problems (Kiff et al., 2011). Further, in a community sample of 306 preschoolers and their mothers, maternal negativity predicted increases in child frustration, which also predicted adjustment problems (i.e., hyperactivity, internalizing, and externalizing problems) when the children were 5 years old (Klein et al., 2018). Furthermore, a study during the COVID-19 lockdown showed that parental verbal hostility was related to increased child emotional dysregulation, leading to more behavior problems (i.e., hyperactivity and inattention) (Marchetti et al., 2020). Finally, in a large longitudinal study, mothers’ depressive symptoms during infancy predicted more adjustment problems when the child was three years old, and infant negative emotionality at six months old predicted more adjustment problems at three years old. However, no mediation path was analyzed for negative emotionality (Dix and Yan, 2014). Even though these studies show some support for a relation between dysfunctional parenting behavior and disruptive behavior via negative emotionality, none of these studies regards parenting as a whole, with both harsh and unsupportive parenting and warm and supportive parenting. Notably, these two dimensions of parenting practices have been shown to be relatively independent of each other (Stormshak et al., 2000; Deater-Deckard et al., 2006), underscoring the importance of including both.

A separate but related literature on child sensitivity traits presents a different picture of how negative emotionality might affect the relation between parenting and child disruptive behavior. A concept that takes centerstage here is Sensory Processing Sensitivity (SPS), which is conceptualized as a biologically-based temperament trait that is characterized by greater awareness of subtle stimuli, deeper cognitive processing of external stimuli, arousability, and higher emotional reactivity (Aron and Aron, 1997). Because of this trait, children high on SPS tend to be more aware of their environment, which influences how they plan, think, and learn. It is believed that their development is more strongly affected by their (parenting) environment (Slagt et al., 2018). It has been found that children high on SPS in a nurturing environment develop greater cognitive and behavioral functioning (Li et al., 2021). Even though negative emotionality is frequently operationalized as a sensitivity trait, Aron and Aron (1997) themselves argued that there is a “high likelihood that negative affect as a personality variable is often the result of an interaction of something like sensitivity with a negative environment” (Aron et al., 2012, p. 271). Thus, negative emotionality can be viewed as a proxy for emotional reactivity, as a part of general responsivity, interacting with exposure to a negative environment such as with dysfunctional parenting. Negative emotionality as a sensitivity trait has been extensively studied under the umbrella of SPS, but the link from parenting to emotional reactivity received less attention. Furthermore, the bio-regulatory processes that go together with emotional reactivity should also be taken into account, as these processes play an important role in the ability and development of emotion regulation (Beauchaine, 2015).

The psychophysiological component of emotion reactivity refers to the flexibility of the body to up or downregulate emotional arousal (Appelhans and Luecken, 2006). A commonly and non-invasive index used to assess emotional reactivity is heart rate variability (HRV), which is the variation in the duration between subsequent heartbeats and provides information on how the parasympathetic nervous system (PNS) influences heart functioning (Porges, 2001). The PNS is part of the autonomic nervous system (ANS) and is responsible for restoring and protecting our energy levels and vital organs. When the ANS is activated, it will slow the heart rate and increase HRV. The opposing system is the sympathetic nervous system (SNS), which is responsible for adaptive responses to external stimuli. Activation of the SNS will accelerate heart rate and decrease HRV. The ANS and SNS continuously interact with each other and govern the body’s capacity and flexibility to regulate emotions (Appelhans and Luecken, 2006). Typically, HRV increases with age from infancy through middle childhood, indicating that the PNS matures over time (Patriquin et al., 2015). This increase is also in line with the expansion of emotion regulation as children gain in motor, communication and cognitive skills (Sroufe, 1997).

When parents struggle to regulate their own emotions, this can hinder their parenting behavior, resulting in harsh and unsupportive parenting, affecting the child’s emotion regulation and behavior in turn (Morelen et al., 2016). In contrast, when parents are capable of guiding their child through emotional states, the child develops a healthy physiological emotion regulation (Zeegers et al., 2018). Studies have shown that a stressful family environment (i.e., harsh and unsupportive parenting) can dysregulate the PNS and SNS systems, affecting children’s sensitivity to the dysfunctional parenting environment (Oshri et al., 2020). When children’s stress response system is repeatedly triggered, the system will become continuously overactivated, and children will develop a chronically upregulated stress reactivity and lowered self-regulatory capacity, resulting in a low and/or excessive reactivity in HRV (Beauchaine, 2015; Wesarg et al., 2022). It has also been shown that HRV is predictive of disruptive behavior and later psychopathology (Hinnant and El-Sheikh, 2013). For instance, in toddlers, high HRV during rest has been related to social competence, empathy, regulation of distress during frustrating events, lower levels of aggression and greater attention control (Beauchaine, 2015). Furthermore, based on a meta-analysis with children ranging from toddlers to adolescents, lower levels of HRV decrease during a stressful event were linked to more externalizing behavior, whereas greater levels of HRV decrease during a stressful event were associated with fewer externalizing behaviors (Graziano and Derefinko, 2013). To our knowledge, there are no studies in which the role of toddler’s negative emotionality and physiological stress reactivity are simultaneously investigated in the relation between parenting and disruptive behavior.



The present study

In this study, we investigated whether the longitudinal association between parenting practices (harsh and unsupportive parenting and warm and supportive parenting) and child disruptive behavior in toddlerhood would be mediated by children’s negative emotionality and stress reactivity (HRV). We expected that harsh and unsupportive parenting would lead to more disruptive behavior via increases in children’s negative emotionality and lower levels of HRV stress reactivity over time. In contrast, we expected that warm and supportive parenting would lead to lower levels of disruptive behavior via less negative emotionality and higher levels of HRV stress reactivity over time. Because disruptive behavior is a forerunner of clinical diagnoses of externalizing disorders (Caspi et al., 2020), and toddlers usually do not get diagnosed this young, we chose to adopt the term disruptive behavior (i.e., disobedience, defiance of authority, an angry or irritable mood state, and verbal or physical aggression toward others).




Method


Procedure

Participating families took part in a longitudinal study: Joint (Epi)genetics Of Parenting And Stress-Reactivity in the Development of Youth (JEOPARDY; Overbeek et al., 2020). The study was approved by the Ethical Review Board of the Department of Child Development and Education at the University of Amsterdam (2019-CDE-10160). The families were recruited through the Amsterdam SARPHATI cohort — a large dynamic cohort study that systematically monitors children’s health and development from birth up to 18 years of age (Ujcic-Voortman et al., 2020) — while others were drawn from the general population within or around the municipality of Amsterdam by distributing flyers in daycare centers, playgrounds, and parks and by placing adverts on social media. Families with toddlers aged between 12–16 months at the time of recruitment could participate in the study. Parents participating in the SARPHATI cohort were administered the Dutch version of the Parenting Stress Questionnaire–Short (Opvoedingsbelastingsvragenlijst-kort, OBVL-k; Vermulst et al., 2012). All parents who scored above the 75th percentile on this questionnaire, indicating heightened levels of parenting stress, were invited to participate in JEOPARDY. Families recruited via flyers were screened for parenting stress through the same questionnaire, but could participate regardless of their score. Overall, this led to a sample of ‘at-risk families’ with high parenting stress (n = 56), and therefore at higher risk of harsh parenting, and ‘low-risk families’ without elevated levels of parenting stress (n = 16). All families received an information letter and a phone call explaining the study in more detail. Parents had to be at least 18 years old and master the Dutch language, and it was required that both child and parent had no physical or mental health condition that would impede taking part in the test sessions. Of the 108 families that showed interest, 72 (67%) decided to participate in the study.

After inclusion, families were visited in their homes for assessments every six months across five measurement waves. This study reports on the first three of those waves, as the study focusses on early family dynamics. Because some families (n = 10 intervention, n = 12 active control condition) in our sample participated in a parenting intervention, they followed a different timeline, with follow-up assessments after the baseline at 3 –months and 6 –months (instead of 6 months and 6 months)—we controlled for these differing time intervals alongside intervention status in the analyses (see strategy for analyses).

At each measurement wave, the families were visited in their homes for an assessment (except for 32 families during the first wave due to COVID-19 restrictions, for whom assessments were conducted online via Zoom). During the first assessment, the trained experimenter and assistant took the time to explain the study in more detail, answered questions, and collected the signed informed consent letter. Next, a series of tasks to assess stress reactivity, alongside other tasks not relevant to the present study, were executed. Furthermore, parents filled in a set of online questionnaires, which were emailed to them prior to each home visit. This procedure was repeated at each measurement wave. Parents received a gift certificate during each home visit with a value of up to €50 in total.



Participants

In total, 72 parent-toddler dyads participated in the study, which comprised a highly intense data collection procedure. Toddlers were between 12 and 16 months old at T1 (Mage = 14.68, SD = 2.12); 51.4% were girls and mostly Dutch (84.7%). Participating parents (88.9% mothers) were aged between 25 and 44 years old (Mage = 35.54, SD = 3.50) and were also mostly Dutch (73.6%). Twenty-one percent were from other countries, such as United States, Germany and Turkey. The parents were mostly (55.6%) married or had a registered partnership (36.1% had a relationship, and 5.6% were single). Furthermore, 66.7% of the parents had completed a university-level educational degree, 29.2% a higher vocational educational degree, and 2.8% completed high school or middle vocational educational degree. Nearly all parents were employed (91.7%) and had a family income of over €3.200 net(t) per month.



Measures


Toddler disruptive behavior

To assess disruptive behavior, the Dutch version of the Child Behavior Check List (CBCL; Achenbach and Rescorla, 2000) for young preschoolers (1,5–5 years) was used. The questionnaire can adequately measure children’s problem behavior from an early age (Koot et al., 1997). Parents rated their child’s behavior from the past two months on a three-point scale (“1 = not true, 2 = sometimes / a little, and 3 = very often/true) on 99 questions on emotional and behavioral problems. For this study, we used the sum score of the externalizing broadband score, which is comprised of the syndrome scales Attention problems (5 items) (i.e., “Cannot sit still, is restless or hyperactive”) and Aggressive behavior (19 items) (i.e., “Is easily upset when things do not go his/her way”). The externalizing scale achieved good reliability. Cronbach’s alpha’s were α = 0.91 at T1, α = 0.90 at T2, and α = 0.89 at T3, respectively.



Parenting

Parenting practices were assessed with the Dutch version of the Comprehensive Early Childhood Parenting Questionnaire (CECPAQ; Verhoeven et al., 2017) and were used in the analyses at the first and second wave. The questionnaire is a good measure of self-perceived parenting behavior for parents with young children (Verhoeven et al., 2017). Parents were asked to indicate on a Likert scale ranging from 1 to 6 (1 = never, 6 = always) whether the statement was applicable to them/their child. For warm and supportive parenting, the subscales Support (13 items) (i.e., “I tell my child how happy s/he makes me”) and Positive Discipline (4 items) were used (i.e., “I explain to my child why certain rules must be followed”). For harsh and unsupportive parenting, the subscale Harsh Discipline (12 items) was used (e.g., “When my child disobeys, I get angry and raise my voice”). Item scores were averaged to obtain total subscale scores, with higher scores representing higher levels of either warm/supportive parenting or harsh/unsupportive parenting practices. In line with former findings (Verhoeven et al., 2017), warm and supportive parenting achieved good reliability at T1 (α = 0.88), T2 (α = 0.87), and T3 (α = 0.86). Due to poor reliability within the Harsh Discipline subscale we dropped one item (i.e., “When my child misbehaves… I raise my voice or yell / I speak to my child calmly”). For the final scale, Cronbach’s alphas were adequate (α = 0.73 at T1, α = 0.80 at T2, and α = 0.79 at T3).



Negative emotionality

Negative emotionality was assessed with the Dutch version of the 12-item negative emotionality scale of the Early Childhood Behavior Questionnaire Very Short Form (ECBQ-VSF; Putnam and Rothbart, 2006), and was used in the analyses at the second and third wave. The questionnaire is a valid measure to assess child temperament between the ages of 18 and 36 months (Putnam and Rothbart, 2006). Parents were asked to indicate the frequency with which they observed a certain behavior over the past two weeks based on a Likert scale ranging from 1 to 7 (e.g., “When s/he was upset, how often did your child cry for more than 3 min, even when being comforted?”). Item scores were averaged to obtain a total score, with higher scores representing higher levels of negative emotionality. In line with expectations, Cronbach’s alpha’s negative emotionality scale increased as the children’s age increased (α = 0.48 at T1, α = 0.69 at T2, and α = 0.69 at T3).



HRV stress reactivity

The Laboratory Temperament Assessment Battery (Lab-TAB; Goldsmith and Rothbart, 1999),were conducted during home visits to assess stress reactivity. Parents were asked to place a Polar H7 heart rate sensors, which had been adapted with Velcro for use within a pediatric population, around their child’s chest. The Polar device was connected via Bluetooth to the laptop containing Vsrrp98 software, used to register HRV data during the tasks (Molenkamp, 2011). A second laptop containing Presentation software was connected to the first laptop with a glass fiber amplifier. The second laptop registered the triggers, cued by the lead experimenter, of each task’s start and finish point within the experiment. The task started with the child seated in a high chair with the parent sitting right behind the child. For the first 3 min, the child watched a Miffy video clip on a tablet, during which baseline measure was registered. Next, the assistant entered the room wearing an animal mask and approached the child at intervals (total time 1:10 min). In two subsequent episodes, the assistant re-entered the room with a remote-controlled spider that performed a series of movements (total time approx. 1:15 min), and a remote-controlled robot was placed on the floor in front of the child that also performed a series of movements (total time 1:45 min). Finally, the tablet with the Miffy video clip was replaced in front of the child for a recovery phase that lasted 3 min. If the child cried or became upset during the tasks for longer than 30 s, the parent was allowed to comfort the child and decide whether the experiment would be continued or aborted.

Data from the Polar heart rate monitor was received by the measurement software as interbeat intervals. The Polar sensor sends data every second, and when no movement artefacts are detected. Therefore, the data was realigned before data processing by the software (Vrssp98, version 12.9, 2024). After realigning the data, the program calculated heart rate and heart rate variability from the individual interbeat interval, using a criterion of IBI < last IBI + 33% and IBI > last IBI – 33%. HRV was calculated as the Root Mean Square of Successive Differences in IBI (RMSSD). After processing, the HR and HRV data were manually checked for noisy data (i.e., movement and/or crying of the child and technical issues) in which values did not match plausible HR and HRV for this age group. Based on previous research, a cut-off of an HR below 95 (De Nederlandse Hartstichting, n.d.) and an HRV above 100 (Zeegers et al., 2018; Nikolic et al., 2022) was made. Within each phase, when these values were present, they were deleted. A minimum of 30 consecutive seconds of measurement units had to be present in the specific phase to score. For more details, see Appendix A. For baseline HRV, the mean value of the HRV during the three-minute baseline was used. To assess HRV stress reactivity, the mean value of the baseline HRV was subtracted from the mean value of the three stress tasks combined (i.e., mask, spider, robot). Negative values indicate a decrease in HRV during the stress tasks. For our analyses, we used data from the second and third wave.




Analyses

Given the ubiquity of missing data due to attrition in longitudinal designs, as expected, there were more missing data at T3 (n = 18, 18 and 17 missing values, 12.9, 12.9, and 12.2%) and T2 (n = 11, 10, and 9 missing values, 7.9, 7.2, and 6.5%) than there were at T1 (n = 1, 1 and 1 missing values, 0.7%) for the parenting, disruptive behavior, and negative emotionality items. For the HRV stress reactivity, there were 40 missing values at T1 (28.8%), 37 at T2 (26.64%) and 30 at T3 (21.6%). Four families actively resigned from participating in the study (due to moving to a different region or a new pregnancy, for instance), and 14 families dropped out after contacting them several times without success. Before describing our target analyses, we explain how incomplete data were handled.

Multiple imputation is a method that preserves all available information observed in our sample, preventing unnecessary loss of power by replacing missing values with a distribution of plausible values (Little et al., 2014). Multiple imputation assumes data are missing at random (MAR) or missing completely at random (MCAR). A Little’s MCAR test confirmed this to be the case for the current study data (χ2 = 2826.612, df = 20,990, p = 1.00). We used SPSS (version 29) to impute missing values for all three waves of the data ten imputed datasets were constructed. The data were imputed with predictive mean matching so that the only values chosen to replace missing values were among the observed values within individuals. The auxiliary variables were all items from the measures used for analyses. After imputing the missing item-level data, scale scores were computed (i.e., passive imputation of scale scores).

To answer the research questions, we ran partial mediation analyses using Hayes’ PROCESS macro (Hayes, 2017), model 4 in SPSS (version 29) to examine whether negative emotionality and/or HRV stress reactivity mediated the association between parenting and disruptive behavior. The variables were standardized into Z-scores and we used bootstrapping with 5.000 samples redrawn to estimate the 95% confidence intervals for the mediation effect. Furthermore, the results were pooled across multiple imputations in Excel using Rubin’s rules (Rubin, 1987). PROCESS uses a regression-based approach and allows for comparison of indirect effects, effect size, and examines the total effect model. PROCESS estimates the indirect coefficient for each indirect pathway between the independent variable (harsh parenting or warm and supportive parenting) and the dependent variable (disruptive behavior), accounting for respective indirect effects (negative emotionality or HRV stress reactivity). We tested eight models in total as we examined the longitudinal model for both harsh parenting and warm and supportive parenting as predictors at T1. As toddlers go through rapid developmental changes, parenting also undergoes a transformation (Scaramella and Leve, 2004). To capture this transformation, we examined the longitudinal model with parenting as a predictor at T2 as well. In the T1 parenting models, the mediator variables for negative emotional reactivity and HRV stress reactivity were taken from the T2 assessment. In the T2 parenting models, the mediator variables for negative emotional reactivity and HRV stress reactivity were taken from the T3 assessment, allowing for a longitudinal analysis of the linkages with parenting measured one wave earlier. As children at this young age develop at different paces in which a 4 months age difference can be impactful (Sheldrick et al., 2019) we controlled for age. We also controlled for intervention status and baseline disruptive behavior, because of the differences in timeline and some families receiving an intervention.




Results

Table 1 shows the means, standard deviations and min-max values of the variables at all three timepoints. A repeated Measure ANOVA showed that harsh parenting significantly increased over time (see Table 1). Also, toddlers showed significant increases of disruptive behavior and negative emotionality over time. HRV significantly decreased from T1 to T3 (see Figure 1). A manipulation check with paired-sample T-tests revealed that the stress induction was successful. For wave 2, there was a significant difference between the HRV stress phases (M = 21.48, SD = 6.79) and the HRV baseline (M = 26.06, SD = 9.00); t (9881) = −5.47, p < 0.001, d = 7.06 with a 95% CI ranging from −6.22 to −2.94. The same was true for wave 3, with a significant difference between the HRV stress phases (M = 23.19, SD = 6.79) and the HRV baseline (M = 30.70, SD = 9.26); t (9881) = −6.95, p < 0.001, d = 8.55 with a 95% CI ranging from −9.62 to −5.38. Furthermore, we checked whether there was a significant difference in our sample between the risk and non-risk families concerning parenting practices, which was indeed the case harsh parenting at T1 [F = 6.01, t (16241) = −2.96, p = 0.003], warm/supportive parenting at T1 [F = 0.10, t (4531) =3.27, p = 0.001]. Risk families scored higher on harsh parenting compared to the non-risk families, which scored higher on warm/supportive parenting. Overall, the distribution of scores on both parenting practice measure was adequate.



TABLE 1 Descriptive statistics.
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FIGURE 1
 HR and HRV across Lab-TAB phases.


Correlations between all variables are presented in Table 2. Notably, harsh parenting T1 did not correlate significantly with either disruptive behavior, negative emotionality, or HRV stress reactivity across all time points. For warm and supportive parenting T1 there was a significant negative association with disruptive behavior T3. Harsh parenting T2 showed a significant correlation with disruptive behavior T2 and T3, along with negative emotionality T3. Warm and supportive parenting T2 showed a significant negative association with negative emotionality T3. Furthermore, negative emotionality T2 significantly correlated with disruptive behavior T2 and T3. The same was true for negative emotionality T3 and disruptive behavior T3. Finally, HRV stress reactivity T2 showed a significant association with negative emotionality T2. All significant correlations were weak to moderate and in the expected direction.



TABLE 2 Correlations between parenting, disruptive behavior, negative emotionality and HRV stress reactivity over time.
[image: A correlation matrix displaying relationships between various parenting and emotional variables over three time points. Variables include harsh parenting, warm parenting, disruptive behavior, negative emotionality, and heart rate variability stress reactivity. Significant correlations are marked with stars, indicating different significance levels: * for p<0.05, and ** for p<0.01.]


Mediation of negative emotionality

We tested the mediation of negative emotionality T2 in the relation between harsh parenting T1 and disruptive behavior T3. Harsh parenting at T1 did not significantly predict disruptive behavior at T3 in the total and direct models. Moreover, there were no significant indirect effects, indicating that negative emotionality T2 did not mediate an effect of harsh parenting T1 on disruptive behavior T3. The same results emerged when we tested the model with warm and supportive parenting T1 as predictor (see Table 3).



TABLE 3 Mediation results of parenting T1 on negative emotionality T2, and disruptive behavior T3.
[image: A results table comparing harsh parenting and warm/supportive parenting on negative emotionality and disruptive behavior. The table includes columns for beta coefficients (β), standard errors (SE), t-values (t), p-values (p), and confidence intervals (CI). Relationships are shown between different parenting styles, emotionality, and behavior with associated statistical values. Pooled control variables include age, intervention status, and prior disruptive behavior.]

Next, we tested the mediation of negative emotionality T3 on the relation between harsh parenting T2 and disruptive behavior T3. Harsh parenting T2 did not significantly predict disruptive behavior at T3yet, the association between negative emotionality T3 and disruptive behavior was significant T3 (β = 0.26, SE = 0.11, t = 2.36, p = 0.043). However, when Bonferroni correction was applied to adjust for multiple testing, setting the significance threshold at α = 0.006, the association was no longer significant. Within the relation between harsh parenting T2 and disruptive behavior T3 with negative emotionality T3 as mediator, results showed no mediation. The model was repeated with warm and supportive parenting as predictor. The direct association between warm and supportive parenting T2 and disruptive behavior T3 was not significant. However, the direct association between negative emotionality T3 and disruptive behavior T3 was significant (β = 0.31, SE = 0.11, t = 2.82, p = 0.020). Here too the Bonferroni correction led to the disappearance of the significant association. The longitudinal association between warm and supportive parenting T2 and disruptive behavior T3 with negative emotionality T3 as mediator showed no mediation (see Table 4).



TABLE 4 Mediation results of parenting T2 on negative emotionality T3, and Disruptive Behavior T3.
[image: Table comparing the effects of harsh versus warm and supportive parenting on various behavioral outcomes. Each row lists the relationship being measured, with columns for beta (β) values, standard error (SE), t-statistics, p-values, and confidence intervals (CI). Under harsh parenting, outcomes like negative emotionality and disruptive behavior show β values from 0.06 to 0.26, while warm and supportive parenting shows β values ranging from -0.13 to 0.31. The results include both direct and indirect effects on negative emotionality leading to disruptive behavior.]



Mediation of HRV stress reactivity

Concerning our hypothesis with HRV stress reactivity as a mediator, we tested whether parenting predicted disruptive behavior via HRV stress reactivity. Results showed that harsh parenting T1 did not significantly predict disruptive behavior at T3. Moreover, there were no significant indirect effects, indicating that HRV stress reactivity did not mediate an effect of harsh parenting T1 on disruptive behavior T3. The same was true when we repeated the model with warm and supportive parenting T2 as predictor (see Table 5).



TABLE 5 Mediation results of Parenting T1 on HRV T2, and disruptive behavior T3.
[image: Table displaying statistical results for two parenting styles. For harsh parenting, direct, total, and indirect effects on disruptive behavior via HRV are shown. Warm and supportive parenting with similar metrics is presented. Includes columns for beta (β), standard error (SE), t-value (t), p-value (p), and confidence intervals (CI) with annotations for heart rate variability (HRV) and control variables.]

Finally, we tested whether parenting at T2 predicted disruptive behavior at T3 via HRV stress reactivity at T2. Results showed that harsh parenting T2 did not significantly predict disruptive behavior at T3. There were also no significant indirect effects, indicating that HRV stress reactivity at T2 did not mediate an effect of harsh parenting at T2 on disruptive behavior T3. Likewise, there were no significant direct and indirect effects when warm and supportive parenting at T2 was used in the mediation analyses (see Table 6).



TABLE 6 Mediation results of parenting T2 on HRV T3, and disruptive behavior T3.
[image: A table displaying the effects of harsh and warm/supportive parenting on heart rate variability (HRV) and disruptive behavior. It lists beta (β), standard error (SE), t-values (t), p-values (p), and confidence intervals (CI) for each effect. The table is divided into two sections: harsh parenting and warm/supportive parenting, with direct and indirect effects on disruptive behavior. Pooled data accounts for age, intervention status, and disruptive behavior as control variables. HRV stands for heart rate variability.]




Discussion

Harsh and unsupportive parenting is a risk factor for the development of disruptive behavior in children. However, little is known about how children’s temperament and stress reactivity influence this relation. More specifically, there are no studies in which the role of toddler’s negative emotionality and physiological stress reactivity are simultaneously investigated in the relation between parenting and disruptive behavior. In this three-wave longitudinal study, we investigated the longitudinal association between parenting practices (harsh and unsupportive parenting and warm and supportive parenting) and child disruptive behavior and whether this association is mediated by children’s negative emotionality and emotional stress reactivity (HRV). Overall, we found that negative emotionality and stress reactivity did not mediate the relation between parenting and disruptive behavior.

Contrary to our hypothesis, in this sample of toddlers and their parents we found no proof that harsh parenting predicts disruptive behavior, neither directly nor indirectly via negative emotionality. Even though we expected to find this relation, specifically with a measure of negative emotionality as a proxy for a general responsivity tendency in infants—in accordance with Sensory Processing Sensitivity conceptualizations (Aron et al., 2012)—we did not find this link. A possible explanation might be that the parenting behavior in the families studied was, in most cases, “good enough parenting” (Winnicott, 1960)—which is to say that generally levels of parental harshness in this sample were quite low. Winnicott, in his days, stated that as long as parents are reliable and the child is well-cared for, parents’ minor ‘failures’ ultimately foster independence and autonomy in the growing child. When considering the average score for harsh parenting in our sample, they were quite low, whereas the average score for warm and supportive parenting was relatively high. This might indicate that the parenting behavior was indeed good enough and did not cause disruptive behavior at this early age.

Another explanation is that we measured relatively low levels of harsh parenting and high levels of warm/supportive parenting due to the characteristics of our sample. Although we included mainly higher-risk families by screening them on parenting stress, the risk criterion was set relatively low (i.e., 75th percentile on the OBVL) so that many different parents were included—not only those who were highly stressed, but also those who evinced normal and resilient functioning. In addition, the sample consisted mainly of well-educated and relatively high SES families. Compared to high SES parents, parents of low SES are more likely to have additional problems and are, because of that, more at risk for harsh parenting practices (Conger et al., 2010). Perhaps a sample with more variation in SES would also show more variation in parenting practices.

Relatedly, the effects of harsh parenting on child behavior might emerge later in development, as suggested by research on coercive cycling in families (Patterson, 2002). A longitudinal study among 731 parent–child dyads that examined coercive interactions at ages 2, 3, 4, and 5 showed that coercive interactions in early childhood predicted disruptive behaviors in the years to come (Smith et al., 2014), which also seems to continue into adolescence, as externalizing problems increase when parents exert psychological control on their child (Pace et al., 2018).In our sample, both harsh parenting and disruptive behavior increased significantly over time. A meta-analysis on parenting dimensions and their effect on externalizing problems in children and adolescents found that the association between parenting and externalizing problems were stronger in older samples (Pinquart, 2017). It is thus possible that these associations are not detectable in our sample of young children yet. Future research with more measurement waves can shed light on the development of disruptive behavior from toddlerhood into the (pre)school period and adolescence in relation to parenting practices.

Even though warm and supportive parenting scores were high on average, this did not predict fewer disruptive behavior. Moreover, negative emotionality and HRV stress reactivity did not mediate in this relationship. However, correlations showed that warm and supportive parenting at wave 1 was associated with less disruptive behavior at wave 3. Also, warm and supportive parenting at wave 3 was associated with less negative emotionality at wave 3. Even though we expected to find that warm and supportive parenting would predict less disruptive behavior over time (Davidov and Grusec, 2006; Waller et al., 2014), we did not find the same results. Perhaps the toddler’s young age contributes to the fact that we found no predictive results yet. When considering the developmental cascade model, several methodological issues may apply to our study. For instance, a longer-term analysis may be required to detect a cascade effect. While our design is indeed longitudinal, it might take a longer period than the18 month interval assessed in this study to see how parenting affects child behavior, specifically at this young age. Furthermore, the timing of the assessments is also of importance. Correlations between variables might obscure a cascade effect if they are too close together (Masten and Cicchetti, 2010). As with the null finding on harsh parenting, in which we suggest extending the measurement waves over a longer period, the same might be true to detect an effect of warm and supportive parenting on disruptive behavior.

As for the hypothesis on stress reactivity, we found no proof that harsh parenting predicts disruptive behavior, neither directly nor indirectly via HRV stress reactivity. Even though a meta-analysis on HRV withdrawal during challenging states and children’s adaptive functioning found that lower levels of HRV withdrawal were linked to more externalizing behavior problems (Graziano and Derefinko, 2013), we did not find the same results. A possible explanation might be that the children in the meta-analysis were mainly of school age. Their PNS will have matured further than the toddlers in our sample, which will also influence their ability to regulate emotions.

While we investigated the relation from parenting to disruptive behavior (via negative emotionality and/or HRV stress reactivity), it is important to acknowledge that parenting does not happen in isolation. Even though there is numerous evidence that shows how parenting practices affect the development of disruptive behavior (Hoeve et al., 2009; Pinquart, 2017; van der Storm et al., 2022), there is also support for a bidirectional relation. Many scholars have, time and again posed that child disruptive behavior both elicits harsh parenting and suppresses the use of warm and supportive parenting, which subsequently escalates the disruptive behavior even further (Patterson, 1982, 2002). Many studies on these coercive patterns consist of school-aged children and adolescents. However, the coercive cycle might look different for younger children compared to older children, as young children rely more strongly on their parents for emotion regulation for instance (Pardini et al., 2008). Future research, similar to our study, yet with a larger sample and adequate statistical power, and over a longer period of time, would be very much suited for studying the bidirectional associations between parenting and child disruptive behavior and negative emotionality in toddlerhood.


Strengths and limitations

The current study has several strengths. First, we examined the relation between parenting and disruptive behavior using longitudinal data, which gives insight into changes over time, as well as into developmental trajectories. Furthermore, the study made use of a multi-source measurement approach, with parents self-reports being combined with physiological data from children. This enabled us to examine whether child behavior is related to physiological responses (i.e., HRV) and whether parenting affects these responses in toddlers. Moreover, the patterns of HRV during stress inductions and how these patterns develop as toddlers get older are very valuable to the field in itself. We showed that the performed stress induction was successful in this young age group and that the Polar belt is a sound and noninvasive technique to obtain HRV data.

One of the primary limitations of this study is the small sample size and lower statistical power. This limits the generalizability of the findings and increases the likelihood of Type II errors, meaning some true effects may not have been detected. Thus, caution is needed when interpreting the results. Because of the small sample, the options for using more sophisticated SEM analytical approaches were also limited. Ideally, in future studies the longitudinal relation between parenting and disruptive behavior and the role negative emotionality and stress reactivity play in this relation may be studied with a cross-lagged design. This would enhance the understanding of the directionality and temporal ordering of relationships between these variables, providing stronger evidence of potential causal mechanisms.

Related to the small sample, another limitation was the uneven distribution of at-risk families (i.e., heightened parenting stress, putting the families at risk for harsh parenting) and non-risk families, with the non-risk families being underrepresented. Even though our sample tested significant differences between the two groups in both harsh and warm parenting at wave 1, indicating that there was no restriction of range, the uneven groups (n = 56 at-risk versus n = 16 non-risk) might have affected the results. Even more so, as all families reported little harsh parenting and relatively high warm parenting. Future research with a more even distribution would make it possible to compare at-risk and non-risk families to strengthen the findings.

Another limitation was the reliability of the scales to measure disruptive behavior and negative emotionality. Because of the young age of the toddlers, especially at the first wave, the reliability was questionable. As time went by, the reliability of the scales improved, which is in line with the validation studies on these questionnaires, as both the ECBQ and the CBCL are deemed reliable from the age of 18 months (Koot,1993; Putnam and Rothbart, 2006). Relatedly, the study only made use of parent-reported measures to assess parenting behavior, disruptive behavior and negative emotionality. Without direct observational data, it is not possible to validate the accuracy of the parent-reported measures. Furthermore, with observational data, measures of disruptive behavior and negative emotionality at this young age could have been more reliably assessed. However, there are also studies that found low agreement between observational and parent-reported measures of child disruptive behavior, indicating a high discrepancy between the two measurement types (Hendriks et al., 2018; Moens et al., 2018). Nevertheless, future research should incorporate both parent-reported and observational methods, especially when studying young children, as measuring child temperament and disruptive behavior via questionnaires alone might not be reliable enough to capture the true essence of the specific behavior.




Conclusion

The current study aimed to improve our knowledge of what factors underlie in the link between parenting and children’s disruptive behavior and, in particular, the role of children’s temperament and psychophysiological levels of negative emotionality and reactivity in this relationship. What parents reported about their own parenting practices did not predict disruptive behavior of toddlers. Moreover, neither the toddler’s negative emotionality nor their HRV stress reactivity mediated in this relation. However, harsh parenting, negative emotionality and disruptive behavior increased over time, which might indicate that the effects of harsh parenting on child behavior emerge later in development.
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Footnotes

1   The df for pooled test statistics are a function of N, the number of imputations, and the fraction of missing information.
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Introduction: While much of the worldwide contemporary research on sensory processing sensitivity (SPS) and environmental sensitivity (ES) has relied on the participation of university students, there remains a significant gap in understanding the academic social experiences of those scoring high in SPS (i.e., highly sensitive individuals).
Methods: To address this gap, this exploratory study aimed to investigate in detail students’ academic socialization through their narratives. We conducted nine interviews with Italian university students who self-identified as highly sensitive.
Results: Through thematic reflexive analysis, we identified and analyzed 6 themes (with subthemes and versions of subthemes) concerning their self-definitions, their university experience (in classroom, before, during, and after exams), and socialization with peers and teachers.
Discussion: After 20 years of research on SPS, this study integrates the relevant literature into the field of social psychology and academic socialization, emphasizing the importance of understanding SPS within real-life educational contexts and considering highly sensitive students’ perspectives on their resources and challenges in attending university. By contributing to the emerging qualitative literature on SPS and ES, this study provides practical implications for educators and policymakers seeking to foster inclusive learning environments for all students.
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1 Introduction

Most contemporary research on adult sensitivity is owed to university students—especially those studying psychology. From the earliest investigations (Aron and Aron, 1997; Aron et al., 2005; Jagiellowicz et al., 2011; Liss et al., 2005, 2008) onwards, most experimental tasks, ranging from visual experiments to brain scanning, personality tests, and social surveys concerning sensory processing sensitivity (SPS) and environmental sensitivity (ES; see Pluess, 2015; Greven et al., 2019) have been mainly based on the involvement of this specific population. Yet, the perspectives of university students scoring high in SPS—broadly speaking, highly sensitive university students—remain largely underexplored. Particularly, we know very little about their academic socialization, i.e., the socialization process in which students, on entering the university system, are exposed to a wide range of socializing influences from both internal groups (peers, teachers, staff) and external groups outside the university (parents, friends, etc.), affecting their goals, values, and academic or professional aspirations (Weidman et al., 2014). Concerning highly sensitive students, academic socialization largely remains underexplored. Thus, we do not know what the perceived impact of SPS is on their academic performance and broader socialization, nor what their challenges and resources with either peers or teachers are. Filling this gap and building on these considerations, in this article we focus on highly sensitive university students’ narratives on academic socialization.



2 Academic socialization

To successfully navigate university environments, students must learn new rules, regulations, and implicit norms of their universities, acquire new learning skills and strategies, and actively participate in the social dynamics of academia (Farnese et al., 2022). This process, i.e., academic socialization, inevitably poses various stressors for young students, as it may lead to changes in lifestyle, interpersonal relationships, and mental health (Yano et al., 2021).

For many years, academic socialization has been studied through an individualistic lens. Students’ adaptation to university systems was attributed primarily to personal factors (e.g., attributes, skills, motivation)—a perspective now recognized as placing undue blame on students (Tinto, 1975, 2006, 2022). However, academic socialization processes are socially situated. According to recent theoretical models (Weidman, 2006; Weidman et al., 2014), students’ adaptation to university is an ongoing, socially iterative process influenced by both individual characteristics and characteristics of university environments (Weidman, 2006; Weidman et al., 2014). In this light, to understand students’ experiences at university, it is important to account for the unique characteristics of students and the wide range of experiences to which they are exposed. Considering that students’ success is crucial for the socio-economic well-being of our societies (European Commission, 2017), improving students’ university experience is pivotal for educational institutions to reduce the dropout rate and promote students’ well-being. In Italy, where this study was conducted, despite recent improvements, students’ success at university is still a cause for concern, also after the difficulties caused by the COVID-19 pandemic (AlmaLaurea, 2023). Despite this, research with university students, especially those from at-risk social groups and minority groups—those more prone to university stress (Aschieri et al., 2024)—remains limited, and has focused mainly on distal outcomes and related factors rather than giving voice to minority students’ experiences.


2.1 The academic socialization of highly sensitive students

Highly sensitive students are estimated to make up around 15–20% of the entire population, and this percentage is believed to be even higher among those studying psychology (Aron and Aron, 1997), who have been extensively involved in much of the current research on SPS and ES. Over the years, this scholarship has shown that students with high scores on SPS are at great risk of maladaptive behaviors and negative developmental outcomes (May and Pitman, 2023), ranging from mental health issues—mostly anxiety (Liss et al., 2005, 2008), depression (Liss et al., 2005), and alexithymia (Liss et al., 2008)—to overall lower subjective well-being, with stronger emotional activation and perceived stress (Gerstenberg, 2012; Jagiellowicz et al., 2016; Rubaltelli et al., 2018).

To our knowledge, only two studies have analyzed in depth the experiences of highly sensitive students at university. In their research involving 580 undergraduate South African psychology students, May and Pitman (2023) documented that those high in SPS reported significantly worse adjustment to university. According to the authors, this was due to students’ higher neural sensitivity and strong negative affectivity. Nevertheless, their more accurate depth of information processing and aesthetic sensitivity seemed to foster overall improved academic success. Similarly, in their study on a large cohort of highly sensitive Japanese university students, Yano et al. (2021) found a negative relationship between emotion-coping skills and depression specifically among high-SPS students. Hence, although these students tended to experience heightened negative emotions, robust emotion-coping abilities may mitigate the likelihood of experiencing significant depressive tendencies. Conversely, highly sensitive students tend to have enhanced decision-making skills. Astonishingly, however, less attention has been paid to their academic experiences. Bridging this gap, in this study we aimed at (1) understanding the broader academic experience of highly sensitive university students, focusing in particular on their academic socialization and (2) understanding what helps them and hinders them in academic socialization, whether per specific coping strategies, abilities, and/or situations.




3 Materials and methods

This study was part of an ongoing exploratory project on highly sensitive university students’ narratives. For this particular study, we relied on nine semi-structured interviews with highly sensitive Italian university students. Our research procedures were in line with ethical standards set by the Italian Psychological Association Code (AIP; 2015/2022) and the 1964 Helsinki Declaration. Respondent anonymity was assured, and participants, after being informed about the aims of the study, signed a consent form in line with all ethical procedures and GDPR norms active at the time.


3.1 Participants


3.1.1 Recruitment

Participants were recruited on a voluntary basis by the interviewer. Eligibility criteria for participation included being a university student and being highly sensitive. To ensure this, participants were required to complete the 20-item “Are You Highly Sensitive?” self-test by Aron (1996) prior to participation. In line with Aron’s (1996, 1999) indications, those who positively responded to at least 12 items were considered eligible for participation. The sample size reached a minimum level of saturation (Hennink and Kaiser, 2022) due to the homogeneity of the participants (i.e., students who self-identified as highly sensitive) and the relatively narrow focus of the study (i.e., their academic experiences).



3.1.2 Sample characteristics

Table 1 displays the main characteristics of the selected participants, listed with their pseudonyms.



TABLE 1 Participants’ characteristics (names are pseudonyms).
[image: Table listing nine participants with their interview number, name, gender, age, university coded as XXX_U or XXX_B, degree pursued, and academic year. Most participants are in the fifth academic year. Degrees include Clinical Psychology, Communication Science, Pedagogy, Statistical Science, Architecture, and Social Work.]




3.2 Data collection

Participants were interviewed using a semi-structured format (see Table A1 for the detailed list of questions). The interviews, each lasting about an hour, were conducted from March to July 2022. Two pilot interviews were used to test the structure of the interview and were thereafter included as part of the dataset. Interviews were conducted in Italian either via Zoom or face-to-face and video-recorded.



3.3 Data analysis

Video-recorded interviews were transcribed verbatim and analyzed with the reflexive pen-to-paper approach of thematic analysis (Patton, 1990; Braun and Clarke, 2006, 2022; Pagani, 2020). Following this approach, the authors familiarized themselves with the data through an initial exploration of the students’ narratives, consisting of an individual reading of the transcripts accompanied by note-taking. During the second reading of the transcripts, initial codes were generated on the basis of the aims of the study. These codes were revised by the first two authors and evolved not only on the basis of an ever-increasing knowledge of the text but also on the basis of comparison between researchers. The initial themes were then generated, and, again, MS and MM engaged in a critical discussion aimed at eliminating inconsistencies and outlining salient meanings that might be contained in a relevant theme. These initial themes were then revised according to the criteria of internal homogeneity and external heterogeneity. For each theme, the extracts coded in the previous phase were reread to ensure their consistency with the concept expressed in the theme; if they belonged to more than one theme, they were coded accordingly (i.e., twice or more than twice, if necessary, for different themes). Once the inconsistencies between codes and themes were resolved and an agreement on coding was reached, the themes were named and defined.




4 Results

Six main themes emerged from the coding: (1) self-definitions; (2) study approach, (3) classroom experience, (4) physical, emotional, and cognitive states during and after exams (or thesis discussion) (that for brevity we identified together as university experience); (5) peer relationships, and (6) student-teacher relationships. Each main theme was composed of themes, subthemes, and specific variants of subthemes. Tables 2–5 display the structure of each main theme; this text reports excerpts from participants pertaining to subthemes or variants of subthemes. They were translated into English by the authors.



TABLE 2 Self-definitions themes found in our analysis.
[image: A table categorizing self-definitions with columns for Theme, Code, Sub-theme, Definition, Who talks about it, and N total turns. The theme is "Self-definitions" with sub-themes: A1, anxious person; A2, perfectionist person; A3, shy person. Definitions describe interviewees' self-perceptions. Listed individuals discuss each sub-theme, with "N total turns" specified: A1 and A2 have 26 turns, A3 has 10.]



TABLE 3 University experience themes and subthemes found in our analysis.
[image: Table presenting themes, codes, sub-themes, definitions, interviewee identifiers, and total turns. It covers "Study approach," "Classroom experience," and "Physical, emotional, and cognitive states during and after exams." Each section lists detailed descriptions of interviewee experiences and corresponding data like frequency of mentions.]



TABLE 4 Peer relationships themes and subthemes found in our analysis.
[image: Table detailing themes of peer relationships with codes, sub-themes, sub-subthemes, and definitions. Themes include peer relationships quality, barrier conditions, and favorable conditions. Definitions involve interviewee descriptions. Columns also show who discusses these themes and the total number of turns, with values like 141 and 39.]



TABLE 5 Student–teacher relationship themes and subthemes found in our analysis.
[image: Table detailing themes and sub-themes related to student-teacher relationships. It includes three main themes: student-teacher relationships quality, barrier conditions, and favorable conditions, each with sub-themes and sub-sub-themes such as difficult relationships and positive relationships. Definitions accompany each, and columns indicate who discussed each theme and the total number of turns recorded.]


4.1 Self-definitions

During the interviews, the students appeared to be somewhat familiar with the construct of SPS (six out of nine). Only three of them (I1, I4, I9) claimed to be particularly aware of what SPS meant in their life. Notwithstanding this, while talking about their university experiences—and without any pressure, as we did not ask them to define themselves in any specific way (see Table A1)—they frequently relied on accounts in which they defined or labelled themselves as anxious (I2, I3, I6, I8, I9), shy (I1, I2, I3), or perfectionistic1 (I2, I9) (see Table 2).

These characteristics are consistent with SPS traits (Aron, 1996; Aron and Aron, 1997; Eşkisu et al., 2022). This excerpt pertains to being an introvert and anxious:

 “I’ve always given more importance for me being shy. I’ve always connected it a lot, so there’s like, let’s say, it takes me a while to warm up to people; I take my time with it, um, but it’s very easy that, let’s say, when I find myself trusting someone, then I also show this side of me that is maybe very prone to getting anxious." (I2)



The tendency to rely on more familiar categories of shyness and social anxiety seemed to be quite common among our sample of students. Another category they often referred to was perfectionism, or “the tendency to set and pursue unrealistically high goals, strive for flawlessness, set excessively high standards for performance, and overly critically evaluate oneself” (Workye et al., 2023, p. 2). For instance:


“maybe the fact of being so … tendency to perfectionism, as to I don’t know if I have a certain amount of time I dedicate entirely to because I would like to succeed to, to do well, then after I realize that I do more than needed.” (I2)
 

In this case, the category of perfectionism was used to self-define the student while at the same time justifying herself for her excessive involvement and over-execution in academic achievement.



4.2 University experience

During data analysis, three themes were extrapolated that we found connected to our interviewees’ broader university experiences. They are: (1) study approach, which refers to emotions and behaviors that students narrate in reference to their relationship with studying (e.g., study strategies, preparation for exams); (2) classroom experience, which includes all those narratives referring to students’ experiences during (online and in-person) lessons; and (3) physical, emotional, and cognitive states during and after exams (or thesis discussion), which includes the emotional, cognitive, and behavioral responses that occurred before, during, and after taking exams (or defending their thesis). Table 3 displays these themes and subthemes.


4.2.1 Study approach

As illustrated in Table 3, this theme was divided into three subthemes: (1) strategies for organizing studies; (2) high school/university performance; and (3) university career blocks. In terms of “strategies for organizing studies,” participants who identified themselves as high-achieving university students (I1, I2, I3, I4, I5, I6, I7, I9) claimed to be supported by specific strategies (I3, I4, I5, I6, I8, I9). Indeed, they reported placing a high importance on arranging their study material, allotting their time, and planning their activities with timetables and schemes. For instance:


“My method to manage anxiety and stress is organization. So, usually when I know that I have to take some exam, when we start, I start to gather all materials, divide them, and organize tables.” (I9)
 

These strategies appeared linked to their need to manage their anxiety that overall accompanied their academic experience. Studying was narratively constructed as particularly demanding and tiring by most interviewees (I2, I3, I7, I8, I9), and the energies invested were often perceived—frequently, afterwards—as excessive compared to what was required or necessary (I2, I3). At the same time, however, their efforts appeared to be effective, as the majority of our sample reported highly successful academic performances (I1, I2, I3, I4, I5, I6, I7, I9). Interestingly, however, most admitted their success only indirectly, like this interviewee:


“Even more so, people would say to me, ‘why are you always complaining? Why are you like this?’ … about this and that, up and down, if in the end you always get 30s, 29s, 28s, or whatever.” (I6)
 

The same interviewee relied on an indirect phrasal construction—by voicing others’ complaints about her anxious attitude and constant self-undervaluation—to specify that she usually received the highest grades (the maximum grade in Italy is 30). While their successful academic experiences were modestly recalled, negative experiences seemed to be more easily and directly accessed. In the narratives of our interviewees, in fact, blocks affecting university choices frequently emerged. Students generally reported tension and anxiety during critical moments of their academic experience (I1, I4, I6), mainly linked to their choice of supervisor for their thesis (I4, I6). For example:


“I didn't have a great experience with my undergraduate thesis. I really liked the topic, I really enjoyed the research we did, but I didn't handle the whole period well because my professor wasn't guiding me properly. I tried to do some things the best I could, but I didn't know if they were actually done well. [..] What held me back was that it wasn't something that depended on me, so the fact that I couldn't achieve what I was working so hard to achieve made the experience difficult. There was a moment when I thought I couldn't take it anymore and just wanted to be done. The submission of the thesis was more of a relief than a satisfaction at that point.” (I1)
 



4.2.2 Classroom experiences

Regarding university experiences during lectures, two subthemes emerged from the analysis of the interviews: (1) online class experiences and (2) anxiety in speaking during lectures (see Table 3). Regarding online classes—taken during COVID-19 lockdowns—eight out of nine students stated that online delivery was “distracting” (I2, I3, I5, I6, I7, I8, 19). They reported being exposed to stimuli of various kinds, whose management hindered their attention; for instance, using a microphone, chat, and camera could be distracting. A lack of interaction with classmates and teachers was described as a further obstacle to involvement and motivation. In the experiences of the interviewees, boredom, a sense of detachment, and unreality concerning surrounding environments was present, similar to their peers’ experiences (e.g., Ghislieri et al., 2023; Riboldi et al., 2023). However, some of the participants expressed their preference for online classes (I3, I4, I6), as these appeared to facilitate the management of emotions, including anxiety. Still, the possibility of turning off the camera or formulating responses in chat boxes, rather than exposing oneself in person, were considered sources of “protection” for the SPS students faced with the discomfort of public exposure. Instead, regardless of the class format—be it online or face-to-face—anxiety about public speaking therefore emerged as a particularly recurrent theme in the narratives of our interviewees (I1, I3, I4, I6, I7), suggesting that for highly sensitive students, anxiety is deeply rooted in classroom interaction. For instance:


“I was less anxious about going there, seeing what it's like, etcetera, because being at home I only had to experience the anxiety of intervening in class; it was always there, anyway.” (I4)
 



4.2.3 Physical, emotional, and cognitive states during and after exams (or thesis discussion)

During interviews, the participants took a great number of turns (see Table 3) to elaborate what they encountered before, during, and after an exam—or thesis discussion (generally, six out of eight interviewees expressed their views about thesis discussions). In this respect, five subthemes emerged from our thematic analysis: (1) preference for written exams; (2) anxiety during exams; (3) physical symptoms in the post-exam (or post-thesis discussion) phase; (4) emotional experiences in the post-exam (or post-thesis discussion) phase; and (5) cognitive-behavioral strategies in the post-exam (or post-thesis discussion) phase (see Table 3).

Most interviewees expressed their preference for written exams (I1, I2, I3, I4, I6, I7) due to the relatively lower amount of (internal and external) stimuli they had to process from less interaction with teachers, no peers observing, more time to reflect, and possibilities to manage anxiety without affecting performance. For instance:


“If the exam is written, I'm always more relaxed. [..] On the other hand, during a written exam, since I only have to interact with the paper or, well, with the computer now, I feel less anxious because I know I can take my time to think and reason. I handle it better, so I feel different, depending on whether it's written or oral." (I1)
 

Instead, regarding oral exams, the interviewees reported major anxiety. For example:


“If the exam is oral, instead, I feel more anxious, often related to the fear of maybe not knowing the answer to what I'm asked and thus making a fool of myself in front of the professor. In reality, I know it's not like that because … because it isn't. It can happen that you don't know something or don't remember it well, but in my head, everything is amplified. It seems to me that if something goes wrong, it is perceived as a bigger deal than it actually is. So, this changes things for me.” (I1)
 

Overall, the participants reported being anxious about either the possibility of failing the test—not only concerning the grade itself, but also the negative impact of a possible poor performance on their self-image—and the fear of not being able to correctly explain what they had learned. They seemed to be particularly sensitive about the presence of others (I1, I2, I3, I4, I6, I7), by whom they often felt judged or in awe of, with only one exception (I9), where anxiety was present but not described as debilitating—the high emotional activation that accompanies the exam experience was generally perceived as an “obstacle” to learning, in some cases creating an emotional and behavioral block. Anxiety was also related to the use of technology during online exams (I2, I3, I4, I6, I8, I9), where students at the same time had to perform and control their online connection, like the possibility that their connection might drop or that something might go wrong on a technical level, which represented a source of great concern. These high levels of anxiety created real blocks that could threaten their academic achievements (I4, I5, I7, I8, I9).

Regarding post-exam or post-thesis discussion phases, students’ narratives revealed a range of physical symptoms, emotional states, and cognitive-behavioral strategies used to counterbalance over-arousal (see Table 3). Symptoms reported by students included physical (I2, I3, I4, I6, I9) and mental (I2, I3, I4, I5, I8) tiredness, headaches (I5, I6), leg problems (I3, I8), neck pain (I8), digestive problems (I5), hair loss (I9), and fever (I7). For instance, in the post-exam phase, physical symptoms could include exhaustion:


“I’m drained, completely drained. [..] This year I had an exam on March 29, an oral exam, and I, I went to bed, and I was there facing the void. I didn't even have the energy to eat. I ate late at night. I felt completely emptied, even emotionally. Suffice to say, I didn’t have anything left—not even the joy of saying that at least I did it.” (I2)
 

At the same time, like in the previous case, physical symptoms were accompanied by intense emotional experiences. They could be experiences of relief (I1, I3, I4, I5, I6, I7, I8, I9), or contentment and satisfaction (I1, I9). However, we collected no shortage of stories about feelings of disappointment or guilt (I1), anger (I9), and sadness (I1) when exams failed or could have gone better. These emotions were often accompanied by narratives related to cognitive and behavioral strategies used in the post-exam phase—narrated as either functional or unavoidable but nonfunctional—like brooding over one’s presentation for the exam (I1). In most cases, these strategies were remembered as aimed at restoring post-exam states of well-being through leisure activities (I1, I2, I4, I5, I6, I8) or avoidance (I5, I9), like:


“Then here you go for a walk, an aperitif, and then you also release a lot of tension, by also doing something that makes you feel good, no?” (I6)
 




4.3 Peer relationships

During data analysis, peer relationship issues emerged and were coded by means of three suthemes: 1) peer relationship quality, in which interviewees qualified their interactions with fellow students; 2) barrier conditions, in which they listed the conditions that hindered a good-enough relationship with peers; and 3) favorable conditions, in which interviewees explained the conditions that favored good relationships. Table 4 illustrates these results.


4.3.1 Peer relationship quality

The relational context with fellow students was particularly important for our interviewees. Their narratives described several experiences of positive peer relationships, where students felt comfortable and supported by their friends at university (I1, I3, I6, I7, I9). For example:


“In general, I have always gotten along very well. I have never encountered people with whom I argued or intensely debated. On the contrary, there has always been a, a fairly mutual, helpful atmosphere, especially when needed." (I9)
 

At the same time, there were also relationship difficulties reported, especially when highly sensitive students faced new friends or acquaintances (I1, I2, I3, I6, I7). In one of the few narratives of our dataset in which interviewees explicitly referred to SPS, an interviewee reflected on peer relationships and “sensitivity,” oscillating between acknowledging the limitations and downplaying their impact on her social interactions:


“Maybe about some relationships with friends I have created, maybe high sensitivity2 has blocked me a little, held me back in going very deep in making myself known or in knowing others. However, overall, I don't think that it hindered me so much.” (I3)
 



4.3.2 Barrier conditions

Our thematic analysis also showed that, among the factors hindering the development of healthy and functional peer relationships, emerged the fear of being judged (I3, I4, I6, I, I8, I9), which sometimes could be so pervasive that it drove participants to self-exclusion (I9), like:


“When there are situations that may be slightly ambiguous, I tend to create more problems for myself than might not actually exist and to feel more anxious. So, I start thinking, ‘maybe it’s not worth continuing to seek out the group because I don't feel like an integral part of it.’ Or maybe I said or did something that might have annoyed someone, so sometimes I exclude myself for this reason to avoid feeling like an extra.” (I9)
 

One of the loci in which this difficulty could take place was, particularly, oral exams (see above), where highly sensitive students seemed to suffer the most from others’ reactions. In the following excerpt, the interviewee shared a fiction, i.e., a narrative in which the teller explored an “evocation of imaginary characters, acts, or scenarios as test situations for the problem at hand” (Fasulo and Zucchermaglio, 2008, p. 355) to try to convey her emotional activation when peers might laugh at her possibly poor performance:


“Anyway, people are there, um, not all of them, but there are those who still stand there and say … they're like, if you make a mistake … they'll giggle.” (I4)
 



4.3.3 Favorable conditions

Conversely, the interviewees recognized and included a whole range of factors that facilitated their social relationships with colleagues, including working in small groups (I1, I3, I4, I8, I9). This method was then perceived as a resource not only from an instrumental point of view, i.e., for study and learning, but also as a resource of emotional support. Interviewees particularly favored peer contexts where the climate was relaxed and in which they could discuss topics of common interest, mostly topics of study (I1, I3, I5), like:


“I have to create my own right environment a bit, um, so I like to be with people who, as well, they do the same things, so they too, anyway, they too study, so I can compare myself to [them] with which I can, maybe, um, even just taking inspiration from, as when you have a doubt, or in any case compare to, and or even keep in line for a moment, and in fact I was affected by this because the first semester we did with COVID3 I found it much more difficult to, to study on my own, and so this, yes … that is the environment … is very important to me.” (I5)
 




4.4 Student–teacher relationships

Regarding student-teacher relationships, three subthemes emerged: (1) student–teacher relationship quality, in which interviewees qualified their interaction with university educators; (2) barrier conditions, in which students described conditions that hindered a good-enough relationship with teachers; and (3) favorable conditions, in which students instead recalled either actual or potential conditions that favored good relationships with teachers. See Table 5.


4.4.1 Student–teacher relationship quality

The interviewees described their relationships with teachers as generally “tense” (I1, I3, I5, I6, I7). The students reported feeling particularly afraid of teachers’ judgment, and students struggled to create healthy and functional relationships with them. For instance:


“I'm definitely struggling a bit, that is, I also see, um, I notice that really maybe, um, I compare [myself] to my colleagues, so, with a bit of admiration, from that point of view because I, from that point of view there … I always see the teacher as a teacher, as a person with whom … that is, when I speak to them, I am perhaps a bit intimidated and so … um.. going there and talking to them or, I don't know, chatting at the bar, I always keep to myself. I'm not the typical person who builds a relationship with teachers; maybe those two with whom I … whom I admire so much that it happened with me to ask them, I don’t know, about the internship or whatnot. That is, then when I meet them, I feel happy, but in reality … that is, for me, with the professor, with the teacher, I really struggle. I'm always a little intimidated, but not because they maybe … um … they perhaps are very calm people.” (I7)
 

Still, “good” interactions could occur (I2, I4, I5, I6, I7, I8), as in this extract:


“But unexpectedly, the last professor with whom I took my last exam during the winter session actually made a big difference. I was very apprehensive about him because I thought he was one of those professors who couldn't put you at ease and would instead make you even more anxious. But I entered the online exam room, and the first thing he noticed was that I was nervous. The first thing he said to me was, 'Stay calm.' When he said that, I felt completely at ease. I said to myself, 'Okay.' So, yes, it happened unexpectedly, and it actually helped me because the exam went very well.” (I1)
 

Globally, good relationships are characterized by teachers’ positive attitudes towards students’ emotional experiences, and teachers can become a source of support and reassurance who consequently enhance students’ academic performance.



4.4.2 Barrier conditions

When talking about their difficult relationships with teachers, interviewees described their “struggles” (I1, I3, I5, I6, I7), namely their personal difficulties in unblocking themselves from the fear of being judged. Particularly, this internal block—connected with social anxiety—could be so rooted as to cause them to have minimum relationships, independent of teachers’ attitudes and/or calmness. For instance:


“In the last 2 years, I realized I started to unblock myself a little, because I realize it's my block. But … that is, I live it like this, I don't have any kind of relationship. That is, I interact in the corridors, I consider myself a polite person, but one that doesn't get on with people so easily.” (I7)
 



4.4.3 Favorable conditions

When asked to reflect on what might improve the interviewees’ relationships with teachers, the interviewees expressed their need to be understood as highly sensitive individuals, especially concerning their anxiety and/or fear of exposure in public (I1, I3, I9), for instance:


“A non-judgmental environment, and a serene calm environment: these could help myself open a bit.” (I3)
 

The interviewees emphasized how it was important for them to receive clear feedback on their performances, not only in terms of learning, but more broadly in terms of social interactions. Indeed, this quest for reassurance undergirded interviewees’ need for emotional support (I1, I2, I3, I4, I5, I6, I7, I8, I9). For example, pertaining to exams, the following scenario well illustrates a student’s preferred favorable conditions, directly pertaining to an imaginary university educator:


“Start with a few words, if not of comfort, but a few words that break the ice a little. So don't, um, [say] ‘Sit. Name. Surname. Registration number. Well? Let's get started.’ But I don't know, simply, ‘Sit down. How are you? Are you nervous?’ Just a few words on your status, maybe making a joke together [is preferred]. In my opinion, it helps a lot to … or starting with a topic of your choice. In my opinion, it can put you in, in a sort of comfort zone, because the topic of your choice … it is assumed to be a topic you’re quite sure about. So, maybe the first obstacle is surmounted, let's say, of the exam. [..] I had exams where professors were impassive and where maybe you don't know if you're saying the right thing.” (I9)
 





5 Discussion

To our knowledge, the present study was among the first to investigate the narratives of highly sensitive people regarding their academic experiences. Although Aron (1996, 2002) extensively relied on interviews to formulate the initial SPS construct (Aron and Aron, 1997), the related scholarship over the past 20 years (with a few exceptions, such as Lindsay, 2017; Black and Kern, 2020; Roth et al., 2023) has largely neglected narratives as loci where highly sensitive individuals can make sense of their characteristics and socialization processes. This oversight is surprising and sad, as narratives are the “socially organized telling of temporally ordered past, present, or future events from a particular point of view” (Ochs and Taylor, 1992, p. 32). As dynamic processes involving the construction and negotiation of meanings through personal experiences, narratives can go far beyond merely recounting past events to actively shaping identities and making sense of lived experiences (Labov and Waletzky, 1967; Ochs and Capps, 1996, 2009). In socialization terms, narratives are widely considered eminent vehicles of socialization, as narratives are integral to any socialization process, as demonstrated by the literature on communities of practice and their narrative repertoires (Orr, 1991; Lave and Wenger, 1991; Wenger, 1999).

In this respect, our preliminary results help to unveil the power of students’ narratives to understand the complex academic socialization process in which they are embedded. The students did so by envisioning in detail their physical, emotional, and cognitive states related to their minute academic experiences in classrooms, before, during, and after exams, and with peers and educators.

Corroborating Liss et al. (2005, 2008) and Yano et al. (2021), participants in our study described themselves as high academic performers. However, they also considered this achievement as particularly stressful (e.g., May and Pitman, 2023), reproaching themselves for their over-effort at the cost of significant stress, as similarly found by Gerstenberg (2012) in his experimental tests with SPS students. This was consistent with the students’ self-definitions of anxious, shy, and perfectionist. Considering Smith et al.’s (2016) definition of perfectionism, in our dataset, perfectionism was used as a self-critical tool that implied negative student comments on their own (academic) conduct (Roth et al., 2023). This has been shown to have the strongest association with distressing emotions among university students (Casale et al., 2020; Workye et al., 2023), which was also the case for some of our participants. In this respect, our results—albeit preliminary—corroborate previous qualitative research (Black and Kern, 2020; Roth et al., 2023), showing that anxiety can appear as a pervasive transversal experience that affects students’ overall academic experiences and relationships. Cohering with Liss et al. (2005, 2008) and Jagiellowicz et al. (2016), in our dataset, anxiety was narratively constructed as something that could even block students in their career and hinder them from delving deeper in relationships. In this respect, our results seemed to stress that the students assumed university socialization was an individual responsibility, and they blamed themselves for their difficulties with peers and teachers. In this sense, it seemed that most interviewees likely aligned with the profile of highly sensitive individuals called “orchids” (Lionetti et al., 2018), as they reported higher emotional reactivity and lower extraversion.

Regarding their relationships with colleagues, some students recalled having “social blocks” with colleagues, avoiding intimate interactions, and fearing judgment, particularly during exams. Even though they felt blamed for being considered “avoidant” and felt risk from isolating themselves—preferring to be with a few people only—they expressed a preference for small group interactions within positive and inclusive environments. In our dataset, however, peers were frequently (narratively) constructed in terms of comparison, either with stressful notes—pointing to what they did best or did without significant effort and as sources of anxiety—and/or with reassuring notes—like when labeled as sources of inspiration. Our results suggest that, when peer interaction works well, highly sensitive students find support and comfort, particularly when studying.

Regarding interactions with university educators, in our dataset the interviewees described both formal and informal interactions. In both contexts, however, most students reported struggling to build constructive relationships due to their fear of judgment, over-idealization, and introversion, hindering them from developing more meaningful relationships.

In terms of understanding what helped and hindered the highly sensitive students during academic socialization, our preliminary results showed that they could benefit from several specific resources, such as inclusive and non-judgmental, small social learning environments, detailed study plans, wise time management, small group interactions, online lessons and written exams, and/or in-person oral exams with limited attendees. These findings—even if circumstantial—partially corroborate research on online communication among highly sensitive people (Bordarie et al., 2022; Pérez-Chacón et al., 2021; Iumura, 2022), particularly the mediation role of online communication in interpersonal relationships. While Valojää’s (2015) results suggest that “the Internet as an environment enabled the HSPs to be less shy and more sociable than they were in face-to-face interaction” (p. 2), our findings indicate that online communication did not entirely substitute or explain students’ preferences. Instead, preferences depended on specific situations and the requirements that the highly sensitive students perceived.


5.1 Strengths, limitations, and future research

This study had several strengths and limitations worth noting. Among the strengths, this research addressed highly sensitive university students’ participation in a university system, a topic area with very limited literature. Specifically, our sample included not only psychology students—who are the most commonly studied group in the SPS and ES literatures—but also students of different subjects. While taking an approach different from the prevalent quantitative approach that often focuses on clinical conditions and (mal)adaptation, we originally focused on the students’ broader academic experiences and resources. By analyzing students’ narratives on academic socialization, the study highlights their reflexivity regarding their university experience, using their words to shed light on this complex, bidirectional, and ongoing process in which institutions, formal and informal networks, opportunities, and individuals can make a significant difference. Our methodological approach is notable for its originality, as there are few qualitative studies in the SPS and ES literatures (see for an extensive review), (see, for instance, Lindsay, 2017; Black and Kern, 2020; Roxburgh, 2022; Roth et al., 2023). However, we recognized several limitations that impact our results’ generalizability. First, this study was preliminary, and its sample size was small and limited to students attending two Italian universities only. Thus, findings cannot be taken as representing the entire Italian university population with high SPS. We also did not include individuals who had dropped out university, raising issues of actual representation of academic difficulties and setbacks. Representativeness issues also apply to the Italian context itself. Compared to other countries like Germany, the United Kingdom, and the USA, where there is greater awareness and cultural sensitivity to SPS-related issues, the debate around SPS in Italy is less developed. Finally, we recognized the potential impact of self-selection bias. To be included in this study, we required participants to use Aron’s (1996) 20-item self-report test, which was administered independently of the researchers and without academic or clinical supervision. This self-assessment could have affected the results’ accuracy.

By accounting for the aforementioned study limitations, future research should delve deeper into the academic experiences of highly sensitive students, not only as frequent social science research participants. To capture the richness and complexity of their experiences, more in-depth qualitative research is needed, such as observational research, in-depth ethnographic interviews, and/or narrative analyses. To better focus on outcomes of academic socialization processes, longitudinal approaches could also produce useful insights into the long-term effects of SPS on academic socialization and adaptation. Also, expanding the study sample to include students from a more diverse range of universities and cultural backgrounds would enhance the generalizability of findings. Additionally, future studies could employ more rigorous diagnostic methods for identifying highly sensitive university students, such as clinical assessments conducted by trained professionals.




6 Conclusion and practical implications

Since academic socialization is a biunivocal process that requires reciprocal adaptation from students and universities (see Farnese et al., 2022), this study might lead to productive conversations about the adaptation of this specific minority population and their relationships with academic institutions. This is particularly vital given that secondary socialization experiences (e.g., school and other extracurricular experiences) exert substantial impacts not only during childhood and adolescence (e.g., Rubin et al., 2011; Cecalupo et al., 2022; Marini et al., 2023) but also and more broadly on individuals’ overall adaptation and responses to developmental challenges throughout entire life cycles (e.g., Zandvliet et al., 2014; Wentzel, 2016; Livi and Rullo, 2017; Ryan and Deci, 2020).

Overall, we hope this study contributes to a new chapter in the fellowship of SPS in real-life settings and socialization experiences, offering several practical implications for students, university educators, and institutions. For highly sensitive students, including doctoral candidates and researchers, this study recognized the unique resources and challenges associated with SPS within university settings. In this light, it can be crucial for them to identify and develop effective coping strategies at critical junctures in their academic careers, like during exams, transitions, presentations, career decision-making points, and unexpected setbacks, to monitor themselves and prevent significant psychosomatic symptoms that our preliminary results illustrate were fairly common in this population. For university educators, it is essential to become aware and recognize that a segment of the student population has a distinct profile that requires specific attention. In this respect, this study might help in constructing and delivering specific professional trainings for university teachers focused on SPS and academic socialization, thereby fostering strategies that can contribute to more inclusive educational settings and teaching techniques, such as classroom organization, small group work techniques, and strategies to help manage students’ anxiety. At the institutional level, our study advocates for the development of inclusive strategies that promote effective socialization for all students, taking into consideration their voices and needs and fostering new adaptive ways to address university stress, which is alarmingly growing worldwide (Beiter et al., 2015). Developing awareness campaigns on neurodiversity and minority stress, expanding mental health consultancy services to tackle university stress, and implementing formal and informal approaches to enhance students’ well-being can be effective for entire student bodies, including those highly sensitive students.
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Footnotes

1   We separately coded their qualifications of “anxious” and “perfectionist” since recent studies on students’ academic achievement considered these two related states as separate (Workye et al., 2023).

2   High sensitivity, i.e., alta sensibilità in Italian, is the most widely used term for SPS in informal conversation.

3   In informal Italian conversation, the term “COVID” connotes the period of lockdown due to COVID-19 restrictions in which universities converted to online communication, delivering online lectures and exams.
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Appendix



TABLE A1 Semi-structured interview—list of questions.
[image: Nine questions about high sensitivity in a university context are listed: awareness in courses, off-site status, class attendance preferences, relationships with students, effects on relationships, exam management, exam preferences, teacher relationships, and advice for teachers with sensitive students.]
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Introduction: Sensory Processing Sensitivity (SPS) describes individual differences in sensitivity to environments, but there is little research on potential positive correlates of SPS. Hereby we investigate whether SPS and its Aesthetic Sensitivity (AES) component are associated with different facets of creativity and empathy.
Methods: Questionnaires on SPS, creativity and empathy were administered to 296 participants and data were analyzed using hierarchical multiple regression.
Results: Higher SPS total and AES scores were associated with more creative ideas (SPS: β = 0.294, pfdr < 0.001; AES: β = 0.484, pfdr < 0.001). Only AES was associated with more creative activities (AES: β = 0.292, pfdr < 0.001). Furthermore, higher SPS total and AES scores were associated with more overall empathy (SPS: β = 0.428, pfdr < 0.001; AES: β = 0.373, pfdr < 0.001), affective empathy (SPS: β = 0.507, pfdr < 0.001; AES: β = 0.331, pfdr < 0.001), cognitive empathy (SPS: β = 0.2692, pfdr < 0.001; AES: β = 0.347, pfdr < 0.001), and less emotional disconnection (SPS: β = 0.234, pfdr β 0.001; AES: β = 0.210, pfdr β 0.001). Most associations remained significant after controlling for openness to experience, and the other SPS components of ease of excitation and low sensory threshold and gender, age, and education.
Discussion: We conclude that SPS and AES are associated with creativity and empathy. Strengthening these positive aspects might help highly sensitive people flourish.
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Introduction

Every person is sensitive to environmental signals, although differences in the extent of sensitivity exist. Approximately 20–30% of the population score at the high end of the sensitivity continuum (Aron and Aron, 1997; Lionetti et al., 2018; Pluess, 2015; Pluess et al., 2023). Sensory processing sensitivity (SPS) is considered a personality trait that captures such inter-individual differences in sensitivity to positive and negative environmental stimuli and is ~47% heritable (Assary et al., 2021).

SPS is typically assessed with the Highly Sensitive Person Scale (Aron and Aron, 1997), which includes a total score and three subscales: ease of excitation (EOE), low sensory threshold (LST) and aesthetic sensitivity (AES) (Pluess et al., 2018). Previous research has had a strong focus on negative outcomes associated with SPS such as anxiety (Bröhl et al., 2022; Pluess et al., 2023), uncertainty (Bröhl et al., 2022), vulnerability (Pluess et al., 2023), fear and depression (Bakker and Moulding, 2012; Liss et al., 2008). In addition to correlating with the SPS total score, these negative outcomes especially correlate with two of the three subscales of the SPS total score, namely EOE (reflecting the tendency to become easily overstimulated) and LST (reflecting unpleasant sensory awareness of subtle external stimuli) (Greven et al., 2019; Smolewska et al., 2006). The questions of these subscales correspond to a negative trait cluster, which is related to, but also distinct from neuroticism (Attary and Ghazizadeh, 2021). In contrast, the AES subscale (reflecting the enjoyment of art, awareness of subtleties and deeper stimulus processing) (Aron and Aron, 1997; Aron et al., 2012) is shown to be correlated with a positive trait cluster, related to, but mostly distinct from, openness (Attary and Ghazizadeh, 2021). AES is associated with positive outcomes such as entrepreneurial intention, imagination, and enhanced intervention response (Bröhl et al., 2022; Harms et al., 2019; Pluess and Boniwell, 2015; Verheul et al., in press). AES has also been associated with adaptive coping strategies such as problem solving, cognitive restructuring, seeking social support and emotional expression and quality of life (Chacón et al., 2024). Only recently a questionnaire (SPSQ) with a more even distribution of both negative and positive items has been published (De Gucht et al., 2022). Overall, however, while multiple studies have investigated links of SPS to negative outcomes, there is research scarcity on potential positive correlates of SPS.

Personality traits can be described with the five-factor model (McCrae and Costa, 1987). Of the Big Five personality dimensions, neuroticism shows modest associations with the SPS total score and especially its LST and EOE subscales (Lionetti et al., 2019; Attary and Ghazizadeh, 2021). Openness to experience (shortened to openness) is also associated with the SPS total score (Lionetti et al., 2019), and especially its AES subscale (Lionetti et al., 2018; Pluess et al., 2018, 2023; Attary and Ghazizadeh, 2021). A recent publication supports the further differentiation of personality profiles, based on AES, LST and EOE subscales (Bürger et al., 2024), where the subgroup scoring highest on AES labeled as the Confident Sensitivity Group is more related to openness. Although it is shown that SPS predicts variance, e.g., in mental health outcomes, beyond neuroticism and openness (Greven et al., 2019; Damatac et al., 2023), it remains to be shown whether any association between SPS and positive traits are found independently of openness. This study focuses on two potential positive correlates of SPS, namely creativity and empathy, for reasons outlined as follows.



SPS and creativity

One description of creativity is that it “requires both originality and effectiveness” (Runco and Jaeger, 2012, p. 92). Originality can be seen in creative ideas, whereas effectiveness can be linked to what creative ideas lead to, namely creative activities. Creativity is usually associated with artistic professions but can also be expressed as new ideas in other fields (Zaidel, 2015). A distinction can be made into Little-c creativity (everyday creativity), Big-C creativity (exceptional creativity as encountered in people such as Rembrandt), Mini-c creativity (personal and developmental creativity, e.g., learning how to play a musical instrument), and Pro-c creativity (a creative achievement not resulting in becoming famous) (Kaufman and Beghetto, 2009).

Creativity has been found to relate to increased physiological reactivity (Martindale, 1999), increased sensitivity to sensory stimuli (Carson et al., 2003), experiencing emotions more extremely and intensely (Ceci and Kumar, 2016) and being more open to one's own feelings (Kaufman, 2013). A relationship between creativity and openness to experience has been described, where creativity has been related to increased sensitivity to one's own emotions, especially among artists (Feist, 1998). What is more, interviews with highly sensitive people revealed a self-reported connection between SPS and being strongly touched by art (Smolewska et al., 2006). In other qualitative research, highly sensitive people also described creativity to be associated with their sensitivity (Bas et al., 2021). In a quantitative study such a connection was confirmed by showing that the AES subscale of the SPS total score has the highest correlation with creativity (Bridges and Schendan, 2019b) at expert and genius levels (Pro-c and Big-C creativity) (Kaufman and Beghetto, 2009). Based on this, it can be hypothesized that SPS and especially AES is related to creativity (Bridges and Schendan, 2019a; Rizzo-Sierra, 2012; Rizzo-Sierra et al., 2012). This is supported by recent findings that the subgroup of highly sensitive persons scoring highest on AES, besides having more openness in their personality profiles, also seem to be more action oriented (Bürger et al., 2024), which could possibly lead to more creative activities. It can therefore be hypothesized that SPS and AES lead to more originality, expressed in both more creative ideas, and also in more everyday creative activities.

Several questions remain unclear. Both SPS and openness to experience have been related to expert creativity (Bridges and Schendan, 2019b), however, it is unclear whether the relation between SPS and creativity is independent of openness. Furthermore, despite modest correlations between AES and the other SPS subdimensions EOE and LST, no previous study has investigated whether associations between AES and creativity are independent of the other subscales. Additionally, while SPS has been related to creativity at expert and genius levels (Bridges and Schendan, 2019b), it is unclear whether SPS also relates to creative output such as creative thinking and to performing everyday creative activities.



SPS and empathy

Empathy is defined as “the capacity to understand and respond to the unique affective experiences of another person” (Decety and Jackson, 2006, p. 54). Empathy has been described as a two factor concept, each of which has distinct neural correlates: first, affective empathy, the ability to share another's emotions which may be related to mirror neurons action (Iacoboni and Dapretto, 2006) and the salience network (Stietz et al., 2019); second, cognitive empathy, the ability to understand another person's emotions and intentions, shown to involve the default mode network (Stietz et al., 2019). These two sides of empathy can be differentially expressed (Song et al., 2019). A review paper suggested that in response to social and emotional stimuli, highly sensitive persons appear to engage different brain regions involved in empathy and self-other processing (Acevedo et al., 2018), making it plausible that SPS relates to empathy-related outcomes. The more recently developed SPSQ scale has additional subscales reflecting both aesthetic and interpersonal sensitivity, making it possible to study these aspects of SPS in more detail (De Gucht et al., 2022).

For SPS, associations with more interpersonal sensitivity are demonstrated, involving both affective and cognitive empathy independent of openness to experience (Tabak et al., 2022). Semi-structured interviews with highly sensitive individuals reported a stronger emotional response to both negative and positive emotions and better understanding of the emotions of others (Bas et al., 2021). When watching different films, highly sensitive persons strongly felt the emotion that was conveyed in the film, could identify the range of emotions that they felt and also how well their own emotions matched those of the persons acting in the film (McQuarrie et al., 2023). Scoring high on SPS positive traits (including AES) but low on SPS negative traits (EOE and LST) was associated with a “lexithymic” profile (being able to feel and understand emotions) characterized by low scores on the all three subscales of the Toronto Alexithymia Scale (TAS-20) (Jakobson et al., 2024). However, highly sensitive persons experience empathy both as a deep connection with others but also as exhausting, from which they try to protect themselves (Roxburgh, 2023).

Empathy can also be divided into three components: emotional contagion or affective empathy, cognitive empathy, and emotional disconnection (Carré et al., 2013). Emotional disconnection is a process of self-protection, in which a person builds an emotional wall thereby preventing himself from being overwhelmed by the emotions of others (Batson et al., 1987; Lamm et al., 2007). It is a defense mechanism that causes a person to respond less empathetically and this feature decreases as a person matures (Bensalah et al., 2016). It is possible that highly sensitive persons have less emotional disconnection, causing them to be more easily emotionally drained. It has been shown that SPS positive traits were positively correlated with scores on the empathic concern, fantasy, and perspective taking subscales of Davis's (1983) Interpersonal Reactivity Index (with medium effect size), and SPS negative traits were positively correlated with scores on the personal distress subscale (Jakobson et al., 2024). This might lead one to predict that those who score high on both the positive and the negative SPS trait clusters would be the most likely to “feel for” others but that the high levels of personal distress they experience are emotionally draining. It has never been studied whether SPS and its AES component are associated with less emotional disconnection.



Aims and hypotheses

In this study, we replicate and expand previous research by studying associations of SPS and its AES subscale with two different facets of potential positive characteristics, namely creativity and empathy. To this end, we use a cross-sectional sample. The first aim (1a) was to investigate the association of SPS with two key components of creativity, namely creative ideas and creative activities. Creative ideas are usually not included in the literature (Silvia et al., 2012) when measuring everyday creativity. It is, however, an important addition because deeper processing, a central characteristic of SPS, could possibly lead to creative ideas. The second aim (2a) was to evaluate the relation of SPS with empathy and its components affective and cognitive empathy and emotional disconnection. As subaims, we studied associations of the AES subscale of the SPS total score with the creativity variables (aim 1b) and empathy variables (aim 2b), correcting for openness to experience and the other SPS subscales LST and EOE, in order to study independent contributions of AES.

We hypothesized that SPS total score (H1a) and its AES subscale (H1b) would be related to more creative ideas and creative activities. We further hypothesized that the SPS total score (H2a) and its AES subdimension (H2b) would be related to more empathy, as well its affective and cognitive empathy subcomponents and less emotional disconnection. This study provides new insights into potential positive aspects of SPS, which may have practical implications for strengthening the wellbeing of highly sensitive people.



Methods

This cross-sectional survey used an online questionnaire distributed in two ways. Firstly, via the personal network of the first author using social media and email and secondly, via flyers with a QR code to the questionnaire were distributed to individuals working in private practices providing psychological or coaching services and specializing in high sensitivity support across all regions of the Netherlands. These included various practices which focused on helping highly sensitive individuals in areas like work, study, and relationships. The flyers were intended for display in waiting areas or direct distribution to relevant clients.

A power analysis was performed beforehand using G-PowerWIN 3.1.9.4, with an effect size of 0.10, an α level of 0.05, and a desired power of 0.80, indicating that 114 participants were required for this study.

Online informed consent was obtained. This research was approved by the Research Ethical Review Committee (cETO) on May 2, 2022 nrU202203462.


Participants

There were no inclusion or exclusion criteria for participation, except being at least 18 years old, as this was an online questionnaire and anybody could participate if they had given informed consent. Three hundred and eight nine people participated in the survey. Of these, 296 participants completed the questionnaires relating to SPS, openness and creativity, and all but 5 of these individuals also completed the empathy measure.

Out of the 296 participants, 66 (22.3%) identified as male, 224 (75.7%) as female, and for 2% this variable had missing data. The mean age was 44.3 years [standard deviation (SD) = 14.8 years; range: 18–78 years]. The distribution of participants' highest educational level was: secondary education, 16 (5.4%); vocational education, 42 (14.2%); bachelor's degree from a university of applied sciences, 75 (25.3%); master's degree from a university of applied sciences, 22 (7.4%); bachelor's degree from a university, 34 (11.5%); and master's degree from a university, 102 (34.5%).



Questionnaires

SPS was assessed using the 12-item Highly Sensitive Person scale (12-HSP scale) (Pluess et al., 2023) in Dutch (Bröhl et al., 2022), which includes 4 items on AES, 3 on LST and 5 on EOE. An example of an AES item is: “I am deeply touched by art or music”, an example of LST is: “Intense stimuli, like hard sounds or chaotic situations I find annoying” and an example of EOE is: “I feel rushed when I have a lot to do in a short time”. The scale was scored on a 7-point Likertscale (1 = not at all, 7 = extremely) and mean scores were calculated for the SPS total score and each subscale.

Openness to experience was assessed using items from the Dutch Big Five Inventory (BFI) (Denissen et al., 2008; John et al., 1991). An example of an item is: “I see myself as someone who has a vivid imagination”. Questions were scored on a 5-point Likertscale (1 = don't agree at all to 5 = completely agree) and a mean score was calculated.

Everyday creativity was assessed with two different questionnaires: The first is the Runco Ideation Behavior Scale (RIBS) (Runco et al., 2001), measuring creative ideas and problem solving. An example of an item is: “I come up with an idea or solution that other people have never thought of”. This questionnaire had 23 items on a 5-point Likertscale (1 = never to 5 = very often). A mean score was calculated. The second questionnaire is the Biographical Inventory of Creative Behaviors (BICB) (Batey, 2007), which contained 34 items about creative activities, such as “Have you, in the past 12 months written a short story?” (0 = no, 1 = yes). A BICB sumscore was calculated, to give an idea of the total amount of creative activities.

To assess empathy, the Dutch Basic Empathy Scale was used (Jolliffe and Farrington, 2006; Raadsen, 2017; Van Langen et al., 2014). This questionnaire gives rise to a total score and three subscales: affective empathy (six items; e.g., “I get easily carried away by the feelings of others”), cognitive empathy (eight items; e.g., “I understand how people feel, often before they tell me”), and emotional disconnection (six items, e.g., “My friends' feelings don't matter much to me.”) (Carré et al., 2013), scored on a 5-point Likertscale (1 = strongly disagree, 5 = strongly agree). Negatively stated items were reversed (Raadsen, 2017), so that higher scores indicated greater affective and cognitive empathy and less emotional disconnection.



Demographic variables

Gender and age were measured as an open question. Gender was coded as two categories, as all respondents identified as either male (0) or female (1). Only six persons didn't answer the question about gender, these were therefore missing data. Education was measured as a multiple choice question. Level of education was coded as follows for the analyses: primary education (1), secondary education (2); vocational education (3); bachelor's degree from a university of applied sciences (4); master's degree from a university of applied sciences (5); bachelor's degree from a university (6); and master's degree from a university (7).



Statistical analyses
 
Pre-processing

Analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 28 for multicollinearity tests [Variance Inflation Factor (VIF)], and reliability assessment (Cronbach's alpha), and R, version 4.3.2 (2023-10-31) for Pearson correlations and network analysis. Variable distributions, outliers and assumptions for regression analysis were checked. Descriptives were reported and preliminary associations among study variables examined through Pearson correlations (n = 296). To visually display significant correlations between variables (p < 0.05) arranged into a network, we used network analysis using multidimensional scaling with the qrgaph package in R (Epskamp et al., 2018).



Main analyses

For all regression analyses we used the data of the questionnaire that had no missing data (n = 290), we used false discovery rate (FDR) to correct our p-values (α = 0.05), which we report as pfdr (Benjamini and Hochberg, 1995). To address aim 1a, regression analysis was used to examine the association between SPS as the independent variable and creative ideas and creative activities as dependent variables, resulting in two main models. Therefore, we FDR-corrected our p-values (α = 0.05) across two tests. We used a hierarchical approach in our regression analysis. At step one we entered SPS. At step two we entered OE and at step three we entered the demographic variables as covariates. To address aim 1b, AES as the independent variable was regressed against the same dependent variables as in aim 1a, resulting in two main models and FDR-correction applied across two tests. Also for this we used a hierarchical approach in our regression analysis. At step one we entered AES. At step two we entered OE and at step three we entered EOE, LST and the demographic variables as covariates.

To address aim 2a, regression was used to examine the association between SPS total score as the independent variable and total empathy score as the dependent variable. If the total empathy score significantly related to SPS, we then assessed the association between SPS as the independent variable and the dependent variables of affective empathy, cognitive empathy, and emotional disconnection (FDR-correction across three tests). We used a hierarchical approach in our regression analysis. At step one we entered SPS. At step two we entered OE and at step three we entered the demographic variables as covariates. To address aim 2b, AES as the independent variable was regressed against the following dependent variables: empathy, affective empathy, cognitive empathy, and emotional disconnection (FDR-correction across three tests). Also for this we used a hierarchical approach in our regression analysis. At step one we entered AES. At step two we entered OE and at step three we entered EOE, LST and the demographic variables as covariates.





Results


Pre-processing

Descriptive statistics are presented in Table 1. The mean total SPS score in our Dutch study sample was 4.50 (SD 1.04) [95% CI (4.38; 4.62)] and for AES 4.97 (SD 1.10) [95% CI (4.85; 5.09)] which was higher than in school- and population-based samples in the literature where a mean total SPS score of 3.99 (SD.80) [95% CI (3.91; 4.07)] and AES of 4.26 (SD 1.12) [95% CI (4.15; 4.37)] (Belgian sample) (Bröhl et al., 2022) and an AES score of 4.42 (SD 1.06) [95% CI (4.34; 4.50)] (UK sample) (Pluess et al., 2023) were found with the same questionnaire. Only the mean total SPS score of the UK sample was comparable to ours 4.34 (SD 0.89) [95% CI (4.28; 4.40)] (Pluess et al., 2023). Although cultural differences may also explain these differences, given our recruitment strategy, this likely indicates that our participants had higher than population average SPS and especially AES scores.


TABLE 1 Mean, standard deviation (SD) and Cronbach's alpha (α) of variables and covariates in our linear regression models.

[image: Table presenting analysis variables with corresponding questionnaires, means, standard deviations, and alpha values. Independent variables include sensory processing sensitivity. Dependent variables cover creative and empathetic aspects. Covariates include openness to experience and demographic information. All questionnaires were in Dutch.]

Pearson correlations, and visually display of significant correlations arranged into a network, revealed a positive association between higher SPS and more creative ideas, but not with creative activities (Figures 1, 2). Another notable finding was that affective empathy showed most correlations with AES, EOE and LST; whereas cognitive empathy showed small correlations with EOE and LST, but most associations with AES.


[image: Correlation matrix heatmap showing the relationships between variables such as age, education, gender, and traits like empathy, creativity, and openness to experience. Positive correlations are in red, negative in blue. Values range from negative 0.22 to 0.93, with strongest correlations among empathy-related variables.]
FIGURE 1
 Preliminary associations through Pearson Correlations. Pearson correlations values between all analysis variables. Blank cells indicate non-significant correlations (p > 0.05). N = 296 for SPS, AES, EOE, LST, Openness to Experience, creative ideas, creative activities. N = 291 for empathy (total score), cognitive empathy, affective empathy and emotional disconnection. Covariate indicates variables used as covariates in subsequent regression analyses. SPS, sensory processing sensitivity; AES, aesthetic sensitivity; EOE, ease of excitation; LST, low sensory treshold.



[image: Network diagram illustrating relationships among variables such as age, gender, education, empathy, and openness to experience. Nodes represent variables, color-coded for groups: SPS, creativity, empathy, covariates. Lines indicate correlations, with color intensity showing Pearson's r strength.]
FIGURE 2
 Preliminary associations through Pearson correlations and network analysis. Visual display of significant correlations between variables (p < 0.05) arranged into a network with minimal edges (color scale indicates Pearson correlation value). Edges (lines) represent correlations. Nodes (circles) represent questionnaires. Thicker edges reflect stronger negative (blue) or positive (red) correlations.




Associations between SPS and creative ideas and creative activities (aim 1a)

Hierarchical regression analyses revealed that higher SPS associated significantly with more creative ideas, but not with more creative activities (Table 2). Running the same main association models with covariates openness in step two and openness, gender, age and education in step three revealed that especially the covariate openness reduced the strength of the association between SPS and creative ideas; however, all associations remained significant. Creative ideas showed greater associations with male gender and younger age.


TABLE 2 Associations between independent variable sensory processing sensitivity and dependent variables creative ideas and creative activities, without and with correction for covariates.

[image: A table displays regression analysis results for creative ideas and activities. For creative ideas, significant predictors include SPS and OE across three steps, with OE showing the highest beta values. Gender and age are significant in step 3. For creative activities, OE is consistently significant with high beta values. The constants, standard errors, beta, and p-values for each variable are listed, with significant p-values marked with an asterisk. Additional statistics are provided below the table.]



Associations between AES and creative ideas and creative activities (aim 1b)

More AES was associated with more creative ideas and with more creative activities (Table 3). Evaluating the same main association models but separately including covariates openness, LST, EOE, gender, age and education, revealed that especially the inclusion of openness at step two led to a reduction in association strength of AES with creative ideas and creative activities; for creative ideas, however, the association remained significant, whereas for creative activities it did not, suggesting that the latter association can entirely be attributed to openness. When all covariates were added to the model in step three, AES was no longer significantly associated with neither creative ideas nor creative activities. Notably, even though AES did not account for unique variance in creative activities, EOE did (Table 3).


TABLE 3 Associations between independent variable aesthetic sensitivity and dependent variables creative ideas and creative activities, without and with correction for covariates.

[image: A regression analysis table with three steps showing variables related to creative ideas and creative activities. Variables include AES, OE, EOE, LST, gender, age, and education, with coefficients (B), standard errors (Std error B), beta values (\(β\)), and p-values (\(p\)). Significant values are in bold with an asterisk. Notes at the bottom describe the \(R^2\) values and significance levels for each step.]



Associations between SPS and empathy (aim 2a)

Higher SPS associated significantly with more empathy, and with more affective empathy, more cognitive empathy, and less emotional disconnection (Table 4). Evaluating the same main association models with covariates openness at step two and openness, gender, age and education at step three did not change these associations. Empathy and all aspects thereof were associated with both female gender and younger age.


TABLE 4 Associations between independent variable sensory processing sensitivity and dependent variables empathy, affective empathy, cognitive empathy and emotional disconnection, without and with correction for covariates.

[image: Table showing regression analysis results for empathy, affective empathy, cognitive empathy, and emotional disconnection across three steps. Variables include constant, SPS, OE, gender, age, and education, with associated B, SE B, β, and p-values. Significant p-values are indicated in bold with an asterisk. The R² values and changes across steps are detailed, showing the impact of each variable on the empathy dimensions.]



Associations between AES and empathy (aim 2b)

More AES was associated with more empathy, and with affective empathy, cognitive empathy, and less emotional disconnection (Table 5). Running the same main association models but with covariates openness at step two and openness, LST, EOE, gender, age and education, at step three, it becomes clear that both AES and EOE each account for unique variance in empathy (Table 5). All three SPS subscales account for unique variance in affective empathy (Table 5). Also the association of AES with emotional disconnection appeared reduced when including LST or EOE at step three of the analysis. However, all associations remained significant.


TABLE 5 Associations between independent variables aesthetic sensitivity and dependent variables empathy, affective empathy, cognitive empathy and emotional disconnection without and with correction for covariates.

[image: Statistical table displaying regression results across four variables: Empathy, Affective Empathy, Cognitive Empathy, and Emotional Disconnection. The table is divided into three steps, each listing constants and variables: AES, OE, EOE, LST, Gender, Age, and Education. Values for B, SEB, β, and p are shown for each variable. Notable p-values (p < 0.05) are bolded with an asterisk. The bottom notes explain R² values and the false-discovery rate correction.]




Discussion


General findings and implications

Where much attention has been paid to negative correlates of SPS regarding internalizing behaviors such as anxiety, stress, burnout and depression (Bröhl et al., 2022; Pluess et al., 2023), the aim of this study was to examine whether SPS and its AES subdimension were related to different facets of two potential positive correlates: everyday creativity and empathy.

With respect to creativity, our study showed that higher SPS and AES were related to more everyday creativity, confirming hypothesis 1a and 1b. This study quantitatively confirms findings from a qualitative study that found that highly sensitive people reported being creative and having many new ideas (Bas et al., 2021). Furthermore, in a study of 288 people, SPS and AES were related to creativity at expert and genius levels, both in terms of creative ideas and activities (Bridges and Schendan, 2019b). In contrast, our study focused on everyday creativity, and found AES to be associated with both creative ideas and activities, but the SPS total score only with more creative ideas. This might suggest that especially in highly sensitive people in which AES is more pronounced, creative activities are undertaken. When openness to experience was included in the model, associations of SPS and AES with creative ideas were reduced, but remained significant, whereas the small positive association of AES with creative activities became non-significant. This suggests that openness to experience partially explains associations of SPS with creative ideas, but that SPS and AES also make independent contributions. In contrast, associations between AES and creative activities were fully explained by openness to experience. In recent work, SPS was divided into a vulnerable sensitivity and a confident sensitivity group, according to personality types (Bürger et al., 2024). The vulnerable sensitivity group scored lower on AES and higher on the negative sides of SPS, EOE and LST and had in their personality domains less openness. On the other hand, the confident sensitivity group scored higher on AES and lower on EOE and LST and had more openness and openness to action in their personality profile. As we can see that less EOE is correlated with more creative activities, it could be assumed that it is especially the confident sensitivity group of SPS with less EOE and more openness that will eventually turn their creative ideas into action.

Furthermore, this study showed that SPS was positively related to empathy, confirming hypothesis 2a. Furthermore, when focusing on three aspects of empathy, we found higher SPS was related to more affective and cognitive empathy and less emotional disconnection. All models remained significant when correcting for openness. This implies that highly sensitive people more easily empathize with other people both on an emotional level, sharing the emotions of others, and on a cognitive level, understanding other people's emotions better, independent of openness. Empathy in SPS, both affective and cognitive empathy, was previously shown to be independent of openness to experience (Tabak et al., 2022). Our findings therefore confirm previous findings and extend existing literature by showing that emotional disconnection appears to be reduced in highly sensitive people. As emotional disconnection is a defense mechanism that causes a person to respond less empathetically (Bensalah et al., 2016), this suggests that highly sensitive people use fewer defense mechanisms in engaging with others, possibly leading to faster emotional exhaustion in the interaction with others (Roxburgh, 2023). It has indeed been shown that people scoring high on SPS were more easily moved emotionally and experienced more personal distress when watching tense situations in movies (McQuarrie et al., 2023), suggesting they use less emotional disconnection to protect themselves against the emotional content they experience. In addition, the personal distress highly sensitive people experience seems to be more related to LST and EOE, the negative sides of SPS (Jakobson et al., 2024). Deep processing of others' thoughts and feelings, emotional responsiveness and also the tendency to be affected by other people's emotions seems to be related to both positive and negative trait clusters of SPS (Jakobson et al., 2024)

Lastly, confirming hypothesis 2b, the AES component of SPS was positively associated with empathy, independent of openness to experience. A previous study also showed that higher AES correlated with more empathy but did not control for openness to experience (Liss et al., 2008). Our study also demonstrated that higher AES related to more affective and cognitive empathy. This was in line with a recent study showing more affective empathy for both positive and negative emotions through positive sensory responsivity (a measure that is highly correlated to AES) and cognitive empathy (Tabak et al., 2022). This link between AES and various forms of empathy could be a result of other positive features of SPS, such as social-affective sensitivity, sensory comfort or pleasure and sensory sensitivity to subtle internal and external stimuli, making it easier to pick up interpersonal feelings, relationships and atmospheres (De Gucht et al., 2022). A new finding in our study was that AES was associated with less emotional disconnection independent of openness, LST and EOE. Furthermore, affective empathy also appeared related to EOE and LST. In contrast, cognitive empathy appeared more related to AES, whereas EOE and LST showed little association with cognitive empathy. A possible conclusion is that AES is more important for cognitive empathy and, LST and EOE more for affective empathy.



Strengths

In contrast to many previous studies that included students between 20 and 25 years, the current study included a large group of 296 adults aged 18–78 years. Results therefore may be considered relevant to various age categories and life stages. New in this study was that creative thinking was measured separately from creative activities. This is especially relevant as deeper processing is considered a central characteristic of SPS, which could lead to creative ideas. Another novel feature is that the relationship between SPS and everyday creativity instead of expert creativity was studied. Lastly this study further disentangled relations between different components of empathy and SPS, with AES being related to all aspects of empathy, whereas EOE and LST appear to play an additional role in especially affective empathy.



Limitations

In this cross-sectional study, no statement can be made about causality, which makes it unclear whether SPS leads to more everyday creativity and empathy, or vice versa. Furthermore, the study sample as it was largely taken from the researcher's personal network, consisting of women and highly educated people. Given that advertisement of our study was partially via private practices providing psychological and coaching services for high sensitivity, the mean total SPS in our study was higher than in literature. The results of this study are therefore not generalizable but should be interpreted within the context of a sample with elevated SPS scores. Lastly, the study was based on the assumption that empathy is a positive trait; however less emotional disconnection could lead to empathic exhaustion.




Conclusion

SPS and AES was related to everyday creativity and empathy. The association with everyday creativity was mainly seen in creative ideas, but not creative activities. Associations with empathy include both increased affective and cognitive empathy as well as decreased emotional disconnection. This last aspect could explain why empathy, often considered to be a positive quality of SPS, also comes with the risk of becoming emotionally exhausted. Future research should study the effect of strength-based interventions that stimulate everyday creativity or empathy in highly sensitive people, and examine whether this may enhance wellbeing and reduce overstimulation.
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Introduction: Theories of Environmental Sensitivity postulate that those who are highly sensitive thrive in favourable contexts and are more disadvantaged by unfavourable ones; however, negative outcomes, instead of positive, are more often investigated. In this study, instead, we focus on human flourishing and what promotes it or hinders it. Recent literature shows that those who are highly sensitive are more connected with nature, and nature connectedness is known to confer psychological benefits. On the contrary, a chaotic home environment is associated with decreased well-being. We hypothesise that a chaotic home environment will negatively impact flourishing, particularly for those who are highly sensitive, while being connected with nature will have a more positive effect on them. Middle and older adulthood are less investigated stages of life.
Methods: 856 participants aged 40+ were surveyed on their level of sensory processing sensitivity (SPS), flourishing, current chaos in the home, and nature connectedness. A subsample of 12 highly sensitive people were then interviewed to better understand the role of these dimensions in flourishing as a highly sensitive person.
Results: The results from the quantitative analysis revealed that flourishing was positively associated with nature connectedness and age and negatively with higher SPS. Nature connectedness significantly moderated the relationship between sensitivity /and flourishing, while the level of chaos did not. This interaction was not significant in the youngest (40–49 years) cohort. Qualitative data from interviews with 12 participants provided deeper insights into the challenges faced by highly sensitive individuals, including emotional reactivity and feelings of being different, exacerbated by stressors such as noise and conflict at home. Participants reported significant benefits from nature.
Discussion: Overall, the results showed that connecting with nature significantly contributes to flourishing in highly sensitive individuals, particularly in middle to older age. The findings support the potential of future nature-based interventions to promote flourishing in highly sensitive people.
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1 Introduction


1.1 Sensory processing sensitivity and flourishing

Research has shown that there are individuals with high levels of sensitivity, and this may impact their emotionality and well-being (Lionetti et al., 2024). Understanding the factors that influence their well-being is essential, given the proven heightened risk of mental health issues (e.g., Harrold et al., 2024). This study explores two potential influences—chaotic home environments and nature connectedness—to examine how these factors may hinder or support flourishing in individuals with different levels of environmental sensitivity. The term highly sensitive person (HSP) was first used by Aron and Aron (1997) to describe a temperament trait found in 20–30% of the population whereby individuals display a higher level of sensitivity and responsivity to their environment and adopt a ‘pause to check’ before acting attitude. This trait is studied within the framework of Environmental Sensitivity, as a person’s sensitivity is determined by their difference in reactions to environmental stimuli (Pluess, 2015). The HSP trait is defined as sensory processing sensitivity (SPS) to account for the fact that sensitivity to the environment comprises different levels and should be considered a continuum (Lionetti et al., 2018) measured by the Highly Sensitive Person Scale (Greven et al., 2019). We therefore refer to HSP when we discuss the scores on the scale and SPS when we refer to the trait. Those high in SPS are characterised by deeper cognitive processing of stimuli, emotional reactivity, greater awareness of environmental subtleties, and aesthetic sensitivity (Acevedo et al., 2014; Aron et al., 2012). The trait can confer either advantages or disadvantages depending on an individual’s social and physical environmental circumstances (Pluess, 2015; see Cadogan et al., 2022 for a review). In the extant literature, many studies have focussed on the association between SPS and reduced psychological well-being. Research has found that SPS is associated with reduced life satisfaction in adulthood (Booth et al., 2015), lower subjective well-being (Lionetti et al., 2024; Sobocko and Zelenski, 2015), higher levels of anxiety (Meredith et al., 2016), and depression (Bakker and Moulding, 2012). SPS was also associated with lower quality of life (Costa-Lopez et al., 2021) and stress (Harrold et al., 2024) in two recent systematic reviews. However, in line with the vantage sensitivity (Pluess, 2017) framework, it has been found that in supportive nurturing environments, SPS is associated with higher well-being and highly sensitive people may do better than others in favourable circumstances (Bakermans-Kranenburg and Van Ijzendoorn, 2011; Belsky and Pluess, 2009). Indeed, vantage sensitivity is a theoretical framework proposing that some individuals, particularly those with high environmental sensitivity, are more responsive to positive experiences and interventions and not only to adverse environments (Pluess, 2015; Belsky and Pluess, 2009; Pluess, 2017). This is in contrast with models that focus solely on the negative outcomes of sensitivity, such as diathesis-stress models (Monroe and Simons, 1991) or vulnerability models (Zuckerman, 2004). Empirical studies confirm that high SPS individuals are more responsive to supportive environments. Bakermans-Kranenburg and Van Ijzendoorn (2011) found that highly sensitive children benefited more from supportive environments, and another study (Nocentini et al., 2019) found that highly sensitive children responded more positively to an anti-bullying intervention.

To date, much of the research on high sensitivity looking at positive outcomes has been conducted with children or younger adults, especially students (Booth et al., 2015; Keers and Pluess, 2017), while adults’ research focussed on the negative psychological outcomes (e.g., Harrold et al., 2024). To the best of our knowledge, no study has focussed specifically on middle-aged and older adults exploring determinants of positive outcomes, such as well-being.

Diener (1984) outlined the concept of subjective well-being as a multifaceted construct comprising life satisfaction, positive affect, and low negative affect. The idea of flourishing expands on these basic components by emphasising aspects of well-being that reflect personal growth, fulfilment, and optimal functioning. Flourishing is often measured using validated tools such as the flourishing scale (Diener et al., 2010; Disabato et al., 2019). Flourishing, according to Diener’s scale of flourishing, is a measure of self-perceived success in areas such as relationships, self-esteem, purpose, and optimism, summarised into a single psychological well-being score (Diener et al., 2010). Based on the current literature, one would expect that those who are highly sensitive can flourish when the context is favourable. Although it has been found that the SPS trait tempers with ageing (Ueno et al., 2019), focussing on supporting flourishing across the lifespan highlights the need to investigate SPS in these less explored age groups.



1.2 Ageing and sensory processing sensitivity

Middle to older adulthood is an important yet often overlooked stage in research on sensitivity and well-being. First, existing literature on sensory processing sensitivity (SPS) tends to focus on children, university students, or a broad age range, leaving a gap in understanding how sensitivity interacts with well-being across later life stages. Middle adulthood, in particular, is recognised as a period of transition and challenge, often associated with increased stress due to work, caregiving responsibilities, and shifting social roles, which can influence flourishing and mental well-being (Lachman, 2015). Older adulthood brings sensory changes, different opportunities for interaction, and, potentially, physical changes that can affect mobility and independence; therefore, it is important to understand the interplay between ageing and SPS. The present study is a step in this direction.

Ageing presents with challenges, such as decline in social connectedness (Cornwell et al., 2008). However, it can also present opportunities, for example, ageing can be related to increased socialising with neighbours, and partaking in volunteering (Cornwell et al., 2008). Older adults tend to report higher well-being than middle-aged adults (Fields et al., 2022); however, they are at risk of depression (Cai et al., 2023). Poor psychological well-being in older adults may be concurrent with cognitive and sensory impairment that occurs as part of the ageing process; in turn, cognitive and sensory impairment have been shown to increase vulnerability to mental illness (Marin et al., 2011). This indicates that the vulnerability of highly sensitive individuals to the effect of adverse circumstances may increase the risk of being further affected by the challenges of ageing. For example, the risk of developing depression in later life has been positively associated with perceived stress (Cristóbal-Narváez et al., 2022), and higher levels of perceived stress are associated with SPS (Harrold et al., 2024). In addition, when considering negative childhood experiences, higher SPS is associated with having lower life satisfaction later in life (Booth et al., 2015). Furthermore, it is reported that adults with high SPS report poorer physical health compared to their low SPS peers (Kenemore et al., 2023). These risk factors associated with higher SPS can potentially affect flourishing in ageing. However, higher SPS is characterised by higher depth of processing and the ability of building meaningful relationships, which support flourishing in older age (Fastame et al., 2024). Different models (and definitions) of ageing well have been proposed (see Waddell et al., 2025); however, there is scarce evidence of how sensory processing sensitivity interacts with ageing. By focussing on this demographic, this study aims to address this gap by exploring factors potentially impacting flourishing across middle and later adulthood in individuals with different levels of sensitivity.

In summary, a higher level of SPS is frequently associated in the literature with more negative mental health outcomes, due to different aspects of the trait, including the ease of excitation in response to the environment and empathy, potentially leading to compassion fatigue (Fastame et al., 2024). However, it is possible that higher SPS is also associated with positive outcomes, when favourable conditions occur, with reactivity to positive stimuli, depth of processing, and aesthetic sensitivity as potential pathways. Therefore, it is important to determine which favourable or adverse environment surrounding the individual modulates the relationship between the trait and the outcomes (Pérez-Chacón et al., 2021; e.g., Cadogan et al., 2022; Greven et al., 2019 for reviews). In the present study, we focus on two dimensions, one negative, the level of chaos in the home environment, and one positive, the relationship with the natural environment.



1.3 Moderating factor: current chaos in the home

Individuals with high sensory sensitivity can be more susceptible to the effects of current chaos in the home (Wachs, 2013) and therefore potentially experience lower flourishing. According to the Conservation of Resources Theory, individuals strive to retain, protect, and build resources that they value, and threat to these resources can lead to stress and decreased well-being (Hobfoll et al., 2018). Research has also emphasised that chronic stress resulting from a chaotic environment (Wachs and Evans, 2010) can exhaust an individual’s coping mechanisms, resulting in detrimental effects on mental health (Edú-Valsania et al., 2022). While some individuals can exhibit resilience in the face of chaos (Edú-Valsania et al., 2022), others experience reduced levels of well-being and psychological distress (Bonanno, 2004). These findings suggest that chaos, by continuously taxing an individual’s resources and coping abilities, can significantly impair their ability to flourish. Given their sensitivity to their environment, it is plausible that highly sensitive individuals would be more negatively impacted by a chaotic home environment.



1.4 Moderating factor: connection to nature

Conversely, a potential way to increase well-being may be to capitalise on the aesthetic sensitivity of highly sensitive individuals. Nature connectedness, through the capacity to experience awe (Dunne et al., 2024), could therefore be an avenue to flourishing for highly sensitive people. The salutogenic effects of nature are well known (Setti and Mac Intyre, 2023). Nature has been shown to reduce the effects of stress (Ewert and Chang, 2018). Access to green environments reduces the prevalence of mental health issues in older people (Wu et al., 2015), and spending time in blue and green spaces improves physical, mental, and social health in older adults (Finlay et al., 2015). Setti and Mac Intyre (2023) proposed considering the level of SPS as a new research avenue to maximise nature benefits for well-being. It is important to note that feeling connected with nature predicts well-being independently from the frequency of contact (e.g., Tzankova et al., 2023) and highly sensitive people are more connected with nature (Setti et al., 2022). A series of studies show that higher levels of sensitivity are consistently associated with higher connectedness with nature in different samples (Dunne et al., 2024; Setti et al., 2022), and this connection occurs through multiple pathways (Holzer et al., 2024). Research has also highlighted that nature visits and nature connectedness are negatively related to psychological distress (Mariani Wigley et al., 2025). Therefore, it is plausible that those who are higher in SPS and more connected with nature also report higher levels of flourishing.



1.5 The current study

In sum, a chaotic and hyper-stimulating home environment could potentially diminish the level of flourishing, while nature connectedness could be a resource associated with higher flourishing, particularly with increasing levels of sensitivity. These dimensions are particularly important to explore in middle and older age, where life circumstances and the effects of ageing are starting to pose a challenge.

To this end, the study is divided into two parts. The first part examines the relationship between levels of sensitivity, flourishing, chaos in the home environment, and nature connectedness in middle-aged and older adults with a quantitative approach. The second part of the study aims to deepen understanding of how high sensitivity affects well-being in middle-aged and older adults in relation to perceived home chaos and nature connectedness with a qualitative approach.

The following hypotheses were tested:

	1. Higher levels of chaos will be negatively associated with levels of flourishing and more so in individuals higher in SPS.
	2. Higher levels of nature connectedness will be positively associated with flourishing and more so in individuals higher in SPS.

We will also explore whether these relationships are moderated by age. While no specific hypotheses can be made due to the lack of research on middle and older adults depending on SPS specifically, we advance the tentative hypothesis that highly sensitive individuals will benefit more from nature connectedness, as they have learned what works for them, and potentially, a chaotic home environment could be less impacting with age, for the same reason.

In the qualitative part of the study, as it is aimed at understanding what are the dimensions related to flourishing in the experience of those who are highly sensitive, no specific hypotheses are advanced. However, the interview touches on the moderating factors tested in the quantitative part to contextualise the quantitative data within the qualitative experiences of highly sensitive individuals.




2 Method


2.1 Design

A mixed methods approach was chosen to benefit from the strengths of both qualitative and quantitative data, allowing for a comprehensive understanding of the research problem (Creswell and Plano Clark, 2017). This approach provides triangulation within the study, where findings from different methods validate each other, and complementarity, where quantitative data can highlight generalisable patterns while qualitative data provide deeper context. A convergent parallel design was used, wherein quantitative data were analysed simultaneously with the qualitative data to cross-validate findings from different perspectives and provide context to the quantitative hypotheses/data through a qualitative exploration (Creswell and Plano Clark, 2017). Quantitative data were gathered first, and participants were then given the opportunity to sign up to partake in a qualitative interview at a later date.



2.2 Participants


2.2.1 Quantitative

For part one of this study (quantitative), convenience sampling was used to recruit participants (N = 1,092). Participants with less than a 100% response rate on the survey items were excluded from the final sample size of 856 participants, as an initial analysis indicated that missing responses were not random (MCAR p < 0.001). Further inspection of the data showed that missing responses were primarily in the HSP scale items 1, 2, 3, 5, 7, and 9. Participants with missing values were therefore excluded from the analysis.

Participants were recruited based on age (aged 40+) through social media platforms and internal staff emails at University College Cork and were asked to complete an online survey that took approximately 10 min.

The age ranges of participants were captured in three categories: 40–49, 50–59, and 60+ (see Table 1 for demographic characteristics). Participants varied in terms of demographics, with a range of ethnicities and nationalities; however, the majority of participants were residing in Ireland or the UK at the time of the study. On completion of the survey, participants were asked to provide email details if they would be willing to participate in an interview on the topics of the survey.



TABLE 1 Descriptive statistics for demographic variables.
[image: A table displaying demographic data with categories for age, sex, and level of education. Under age: 40-49 (379, 44.3%), 50-59 (329, 38.4%), 60+ (141, 16.5%). Sex: Female (716, 83.6%), Male (131, 15.3%), Non-binary (3, 0.4%), Prefer not to say (36, 4.2%). Education: Primary (7, 0.8%), Post-primary (234, 27.3%), Bachelor's degree (314, 36.7%), Master’s degree or higher (259, 30.3%).]



2.2.2 Qualitative

Participants for the second part of the study (N = 12) were chosen from those (N = 235) who provided their email details, based on the criteria of having the highest mean HSP scores, indicating higher SPS, being aged 50+, and not having prior knowledge of SPS as an innate personality trait. The rationale for this choice was due to further research questions not explored here. These inclusion criteria resulted in a sample size of 12 participants (10 female and 2 male participants). The 12 participants who, when contacted, agreed to be interviewed were scheduled to participate in a semi-structured interview online. The study was approved by the Ethics Committee of the School of Applied Psychology (subcommittee of Social Research Ethics), University College Cork.




2.3 Measures


2.3.1 Levels of sensitivity

The Highly Sensitive Person Scale – Brief Version (HSP-12) (Pluess et al., 2023) was utilised as it is a validated and frequently used scale in the literature. This 12-item scale measures participants’ responses with a 7-point Likert scale in which 1 = not at all and 7 = extremely. Higher HSP-12 scores indicate greater sensory sensitivity, which is associated with sensitivity to subtleties in the environment, emotional reactivity, and aesthetic sensitivity, while lower scores are associated with resilience to environmental inputs (see Greven et al., 2019). The scale has a Cronbach’s alpha of α = 0.81. Examples of items in HSP-12 include “do you seem to be aware of subtleties in your environment?” and “Do you find it unpleasant to have a lot going on at once?”



2.3.2 Well-being

The Flourishing Scale (FS) (Diener et al., 2010) was used to measure levels of well-being. This is an 8-item, 7-point scale measuring well-being across eight key indicators: having a sense of purpose and meaning in life, positive relationships, engagement in daily activities, contributing to others’ well-being, competence, self-acceptance, optimism, and feeling respected or having a sense of belonging. It is a score of well-being in which higher scores indicate greater psychological resources and strengths, with items such as ‘I lead a purposeful and meaningful life’ and ‘My social relationships are supportive and rewarding’. The FS had a Cronbach’s alpha of α = 0.82 in a sample of older adults (Fassih-Ramandi et al., 2020). The scale has a Cronbach’s alpha of α = 0.88 in our sample.



2.3.3 Chaos in the home environment

The Confusion, Hubbub, and Order Scale (CHAOS) Scale (Matheny et al., 1995) is designed to assess the level of disorganisation and confusion in the home environment (e.g., ‘we almost always seem to be rushed’; ‘you cannot hear yourself think in our home’). This is a 15-item, true or false scale. Higher scores equal greater chaos (more negative lived environment). Cronbach’s alpha of the CHAOS Scale is α = 0.82.



2.3.4 Connection with nature

Levels of nature connectedness were measured using the Nature Connection Index (NCI) (Richardson et al., 2019). This is a 6-item measure of relationship with nature using a 7-point Likert Scale with 1 being completely disagree and 7 being completely agree. Each item response on the NCI has different weighting points, which altogether add up to 100%; examples include ‘I always find beauty in nature’ (Weight = 15%) and ‘I feel part of nature’ (Weight = 23%); scores were adjusted accordingly and added up; the higher the score, the greater the connection with nature. NCI has a Cronbach’s alpha of α =0.91.



2.3.5 Semi-structured interviews

In the second part of the study, in-depth semi-structured interviews were conducted online using the Microsoft Teams platform. Each interview session began with a short explanation of high sensitivity as a temperament trait; this was followed by a set of open questions about the experience of being highly sensitive, conditions in the home environment, and relationship with nature (see Supplementary Material for interview schedule).




2.4 Analysis


2.4.1 Part 1: quantitative

In the first part of the study, descriptive statistics explored the mean, median, standard deviation, and total score of the HSP-12, the Flourishing Scale, the CHAOS Scale, and the Nature Connection Index, as well as identifying the age range of the cohort, the levels of education achieved, and gender. A Spearman correlation was used to assess the relationship between the variables used in the study due to the inclusion of categorical variables. Multiple regressions were used to test the hypotheses.



2.4.2 Part 2: qualitative

In the second part of the study, the interview data were explored using the six-phase process of thematic analysis (TA) (Braun and Clarke, 2024). First, the coder (SC) familiarised with the transcripts, derived initial codes, and then identified recurrent patterns, which were collated into themes, ensuring that the voice of all participants was represented. An inductive approach was adopted; however, it was guided by the research questions. The main coder (SC) recognised themselves as a highly sensitive person, which should be acknowledged in thematic analysis (Braun and Clarke, 2019; Clarke and Braun, 2017). The senior author (AS) provided guidance during this process; the themes were then discussed with AOT to further check on the process.





3 Results


3.1 Quantitative analysis


3.1.1 Descriptive statistics

In a sample of 856 participants, the majority (44.3%) were aged between 40 and 49, followed by 38.4% aged 50–59, and 16.5% aged 60 or older. The sample was predominantly female (83.6%), with 15.3% male and 0.4% identifying as non-binary. In terms of education, 36.7% of participants had a bachelor’s degree, 30.3% had a master’s degree or higher, 27.3% had completed post-primary education, 0.8% had primary education, and 4.2% preferred not to disclose their level of education. See Tables 1, 2 for descriptive statistics.



TABLE 2 Descriptive statistics for scale variables.
[image: Table showing four scales: HSP-12, Flourishing, CHAOS, and NCI. Each scale's columns list the minimum, maximum, mean, and standard deviation. HSP-12: Min 12, Max 84, M 51.64, SD 11.45. Flourishing: Min 11, Max 56, M 46.53, SD 6.43. CHAOS: Min 2, Max 13, M 7.45, SD 1.45. NCI: Min 0, Max 100, M 71.26, SD 26.15. Definitions include HSP-12 as Highly Sensitive Person Scale-Brief Version, NCI as Nature Connection Index, and CHAOS as Confusion, Hubbub, and Order Scale.]



3.1.2 Correlation

The data were converted in Z-scores because Z-scores standardise data by converting the original values into units of standard deviations from the mean. This makes the variables calculated on different scales easier to compare. Correlation analysis revealed several significant relationships among the variables, displayed in Table 3. Flourishing was significantly positively correlated with nature connectedness (NCI) (r = 0.29, p < 0.01) and age (r = 0.18, p < 0.01). However, there was no significant correlation between Flourishing and CHAOS (r = 0.04). Flourishing also had a significant negative, although small, correlation with the Highly Sensitive Person (HSP) scale (r = −0.14, p < 0.01). The HSP-12 scale showed a significant positive correlation with the NCI (r = 0.20, p < 0.01) but no significant correlation with CHAOS (r = 0.12, p < 0.01). It also had a significant negative correlation with gender (r = −0.16, p < 0.01), with female as the reference group. In addition, the NCI had a significant positive correlation with age (r = 0.11, p < 0.01) but no significant correlation with CHAOS (r = 0.20, p < 0.01). Finally, CHAOS was significantly positively correlated with education (r = 0.08, p < 0.05).



TABLE 3 Spearman’s rho correlations.
[image: Correlation matrix displaying relationships between various measures: Flourishing, HSP-12, NCI, CHAOS, Gender, Age, and Education. Values range from negative to positive, with statistical significance indicated by asterisks. Significant correlations include Flourishing with NCI (0.29**) and Age (0.18**), as well as HSP-12 with Gender (-0.16**) and CHAOS (0.12*).]



3.1.3 Effect of NCI and HSP on flourishing

The initial regression analysis (linear regression, with predictors entered simultaneously), displayed in Table 4, was significant [F (8, 839) = 32.24, p < 0.001] and showed a significant negative association between gender and flourishing (β = −0.10, t = −3.36, p < 0.001), indicating that female participants reported higher levels of flourishing. Age had a positive impact on flourishing (β = 0.09, t = 2.96, p = 0.003), suggesting that older individuals tend to experience higher flourishing. CHAOS significantly negatively impacted flourishing (β = −0.25, t = −7.49, p < 0.001), indicating that higher levels of CHAOS are associated with lower flourishing. The interaction between HSP-12 and CHAOS did not reach significance (β = −0.06, t = −1.90, p = 0.058). Higher sensitivity (HSP-12) negatively predicted flourishing (β = −0.18, t = −5.63, p < 0.001). Nature connectedness (NCI) had a significant positive effect on flourishing (β = 0.28, t = 8.64, p < 0.001). In addition, the interaction between HSP-12 and NCI was significant, positively predicting flourishing (β = 0.11, t = 3.46, p < 0.001).



TABLE 4 Regression model of age, gender, education, HSP-12, NCI, CHAOS, and their interactions as predictors of flourishing.
[image: A table presents a multiple regression analysis with predictors, coefficients (B), standard errors (SE B), standardized coefficients (b), t-values, confidence intervals (LL, UL), and p-values. Predictors include gender, age, education, HSP-12, CHAOS, NCI, HSP-12*NCI, and HSP-12*CHAOS. Significant predictors at p < 0.05 include gender, age, HSP-12, CHAOS, and NCI. The constant and HSP-12*CHAOS are not significant. Abbreviations: HSP-12 (Highly Sensitive Person Scale), NCI (Nature Connection Index), CHAOS (Confusion, Hubbub, and Order Scale).]



3.1.4 Nature connectedness and HSP groups

To further explore the HSP-12*NCI interaction, we conducted separate multiple linear regressions (see Table 5) with flourishing as the dependent variable and NCI as the predictor variable, split by low, intermediate, and high HSP groups. HSP-12 was divided into three levels: low (first quartile: HSP-12 score of 0 to 43), intermediate (second and third quartile: HSP-12 score of 44 to 60), and high (fourth quartile: HSP-12 score of 61 to 84) according to Lionetti et al. (2018). All models were significant: low HSP (F(1, 210) = 4.117, p = 0.044), intermediate (F(1, 438) = 66.247, p < 0.001), and high HSP groups (F(1, 201) = 39.057, p < 0.001) (see Figure 1 for the interaction).



TABLE 5 Regression model of NCI as a predictor of flourishing and HSP group (scores on HSP-12).
[image: Table displaying regression results for three groups: Low, Intermediate, and High HSP. Predictors include Constant and NCI (Nature Connection Index). Values are provided for B, SE B, b, t, 95% CI (LL, UL), and p-values. Notable p-values under 0.05 are for NCI in all groups except Intermediate HSP, Constant, with significant results most pronounced in High HSP for NCI.]

[image: Scatter plot showing the relationship between NCI Total Score and FLOUR Total Score, with data grouped by Low, Intermediate, and High HSP levels. Each group is depicted with blue, purple, and red circles, respectively. Trend lines for each group suggest differing relationships between the scores, with Low HSP having the steepest slope. Equation for each line is included in the plot.]

FIGURE 1
 Individual HSP group effects of NCI on Flourishing.




3.1.5 Nature connectedness, HSP-12, and age

As we were also interested in understanding the role of age in modulating the relationship between nature connectedness and levels of sensitivity in relation to flourishing, the impact of age was then analysed through a regression model, with an added interaction effect of HSP-12*NCI*Age. The initial model was significant (F (4, 843) = 38.776, p < 0.001), with the model showing a significant three-way interaction HSP-12*NCI*Age (β = 0.134, p < 0.001) (see Table 6).



TABLE 6 Regression model: HSP, NCI, age, and HSP*NCI*Age interaction as a predictor of flourishing.
[image: A regression analysis table displays predictors, B values, standard errors (SE B), beta coefficients (b), t-statistics (t), 95% confidence intervals (LL and UL), and p-values. Predictors include a constant, HSP-12, NCI, age, and the interaction of HSP, NCI, and age. All p-values are less than 0.001. HSP-12 is the Highly Sensitive Person Scale-Brief Version, and NCI is the Nature Connection Index.]

Separate multiple regressions were then conducted on each age group to explore the interaction (see Supplementary Tables 1–3 for details).


3.1.5.1 Age group 40–49

The regression model for the 40–49 age group was significant (F(3, 374) = 22.141, p < 0.001). While both the HSP group and NCI had a significant impact as individual variables, the HSP-12*NCI interaction was not significant (β = 0.049, p = 0.306) (see Figure 2 and Supplementary Table 1).

[image: Scatter plot depicting the relationship between NCI Total Score and FLOUR Total Score for age group 40-49. Data points are categorized into Low, Intermediate, and High HSP, represented by different colored circles. Three trend lines indicate positive correlations for each HSP group. Trend line equations are displayed: Low HSP (y = 44.12 + 0.06x), Intermediate HSP (y = 39.88 + 0.08x), and High HSP (y = 35.38 + 0.11x). HSP Group information and colors are in a legend to the right.]

FIGURE 2
 Individual HSP group effects of NCI on Flourishing in age group 40–49.




3.1.5.2 Age group 50–59

The regression model for the 50–59 age group was significant (F(3, 325) = 15.354, p < 0.001). Figure 3 shows a common trend for those in the intermediate and high HSP groups. The interaction between HSP-12 and NCI was significant (β = 0.19, p < 0.001) (see Supplementary Table 2).

[image: Scatter plot showing the relationship between NCI Total Score and FLOUR Total Score for age group 50-59. Data points represent Low, Intermediate, and High HSP groups, with trend lines for each group. The Low HSP group has a line equation of y = 46.69 + 3.97E-3*x, Intermediate HSP is y = 40.12 + 0.09*x, and High HSP is y = 33.7 + 0.14*x.]

FIGURE 3
 Individual HSP group effects of NCI on Flourishing in age group 50–59.




3.1.5.3 Age group 60+

The regression model for the 60+ age group was significant (F(3, 137) = 5.925, p < 0.001), with a significant interaction between HSP-12 and NCI (β = 0.19, p = 0.028) (see Supplementary Table 3 and Figure 4).

[image: Scatter plot depicting the relationship between NCI Total Score and FLOUR Total Score for individuals aged 60 and above. Data points are categorized by HSP Group: Low, Intermediate, and High. Three trend lines with equations are shown: y = 42.2 + 0.08x, y = 50.1 - 8.37E-4x, and y = 42.85 + 0.08x.]

FIGURE 4
 Individual HSP group effects of NCI on Flourishing in age group 60+.






3.2 Qualitative analysis

Four main themes were identified, with two or three subthemes within each theme (see Figure 5). Themes included the challenges of being highly sensitive and the role of nature in maintaining well-being.

[image: Text graphic showing four sections. "Being sensitive can be challenging" with points: emotional reactivity, thought rumination, sense of being different. "Stressful home environment" with points: overwhelmed by demands, noise, and conflict discomfort. "Enhanced coping with maturity" with points: self-acceptance, mindfulness growth. "Nature as a vital requirement" with points: nature's essential role, recharging power, preferences for varying environments.]

FIGURE 5
 Themes and sub-themes.



3.2.1 Theme 1: being sensitive can be challenging

All participants (n = 12) identified factors related to being sensitive that are challenging for their well-being. Within the main theme, three subthemes were identified.


3.2.1.1 Subtheme 1.1: emotional reactivity and physical expression

The first subtheme illustrates one of the strong emotional reactions that can be seen in sensory processing sensitivity. This strong emotional reaction, becoming upset or crying easily, was recognised by some participants and/or others around them. A uniquely Irish expression to represent this is that of “your bladder is very close to your eyes” (P4) which is often attributed to people who become upset and cry easily and was reported by one participant as being attributed to them by family members, while other participants reported, being “incredibly emotionally sensitive” or that they could “cry in an instant” (P7), or reported “feeling more emotional about things than others” (P2) or “taking things to heart” (P3).



3.2.1.2 Subtheme 1.2: thought rumination

Another challenge, reported by half of the participants (n = 6), was the tendency to ruminate “would ruminate over things in my head for a long time,” (P2). One participant noted, “If there was an issue, I took it to bed with me.” “It wrecked me” (P4). One participant remarked, “I’d brood on things more than other people” (P10), while two other participants mentioned how they “internalised emotions” (P7) and (P8) instead of expressing their feelings, saying, “I probably did not speak up and say, that’s too much for me.” (P7).



3.2.1.3 Subtheme 1.3: sense of being different

The third subtheme for the majority of participants (n = 11) was the feeling of not fitting in with others. Participants described feeling different from those around them, for example, one participant stated that they “would have described self as sensitive or odd compared to others” (P1), while another participant reported that they “always had a sense of not fitting in, thought it was just me being weird” (P7). In many instances, this manifested as individuals thinking that there was something wrong with them, “You do wonder and think, oh, what’s wrong with me” (P10).




3.2.2 Theme 2: stressful home environment

As well as challenges, all 12 participants described some key conditions in the home environment that caused them stress such as too much activity, loud noise, or tension.


3.2.2.1 Subtheme 2.1: overwhelmed by demands

All participants noted becoming very stressed when they had too much activity with little downtime or breaks. This especially resonated with one participant who stated “I’m not the sort of person who can run on busy, busy, busy all the time, there has to be a quiet day just to backpedal a bit” (P11). For others, there is a general dislike of too much activity, as one participant reported “I like to have time to stop and gather myself” (P10), or another stated “I do not like having to rush from one thing to another.” (P7).

Participants described being “overwhelmed” (P2 and P3) when they are very busy and described being overscheduled as “stressful, 100%” (P5) and reported “feeling calmest when the schedule is done.” A method to mitigate overwhelm in her daily routine for one participant was to ensure she was “very organised” (P4).



3.2.2.2 Subtheme 2.2: overwhelmed by noise

Noise was another influencing factor in the home environment that participants identified as a significant cause of discomfort. Participants described feeling a sensory overload if there was too much volume of noise, or if participants heard multiple sounds at once. “I cannot cope with too much noise, I cannot cope with two noises together, like if the TV is on and the radio” (P3), “I could live without a television perfectly happy, yeah, the noise of it would stress me out” (P9), with some participants noting noise as a source of irritation and annoyance “If someone puts on the radio in the morning, I just do not want to hear it” and “get very annoyed and irritated” (P7). Some participants identified certain noises that they were extremely sensitive to. For example, one participant stated, “My sister says mine is the house where we have to suck crisps” (P3). In addition, medial daily noises are a source of significant annoyance: “breathing, chewing and paper rustling” “I cannot bear it, I cannot bear it” (P5).



3.2.2.3 Subtheme 2.3: discomfort with conflict

Tension was another stressor identified in the home environment by five of the participants. For example, one participant reported, “When I hear people arguing, it affects my mental balance” (P9), and “Any arguments, I would find very stressful, I feel as if my nerve endings are all jangly” (P11), whereas for another participant the tension, or conflict, got too much to stay in the environment “the kids arguing, I was overwhelmed, I just had to go” (P3).




3.2.3 Theme 3: enhanced coping with maturity

All participants reported that they adapted and coped better with the challenges and stresses as they matured and had more life experience.


3.2.3.1 Subtheme 3.1: self-acceptance

Individuals reported being more accepting of themselves as they matured. For example, one participant reported that “I am happy with my authentic little self now” (P1), whereas another participant noted that “As I’ve gotten older, I’m better with it, but probably when I was younger, it was harder” (P2). One participant noted that they now prioritise and look after their needs: “I do not feel obliged anymore to be in environments, I know will be hectic or busy” (P3). Others pointed out, “I’ve adapted my own little ways” or “try to pre-empt things” (P6), while one reported that she now has “more of an understanding of who I am.” (P1).



3.2.3.2 Subtheme 3.2: growth through mindfulness practices

Knowledge and experience gained through personal development practices were noted to have helped 10 of the 12 participants to cope and adapt. The experience and knowledge gained from meditation formed a crucial part of this practice. For example, one participant noted, “I found I was burning out, because I did not have the balance right, I meditate” (P10), and “The calm and peace the meditative state reveals is very valuable to me” (P8). Meditation as a practice was so important for one participant they reported “I brought meditation into my daily life, so I would be able to function: It worked” (P4) and “I’m studying mindfulness” (P1).




3.2.4 Theme 4: nature as a vital requirement

For all participants, nature was a vital requirement for their well-being.


3.2.4.1 Subtheme 4.1: nature is essential

Participants identified nature as being essential to their well-being. Accessing nature was very important, “It’s a priority” (P9), as one participant stated, “I would need it, even if it’s just sitting in the garden for 10–15 min” (P1), whereas another stated, “I need nature definitely, need access to nature close to my home.” (P2). In different ways, participants indicated how vital nature was for them, for example, describing that “Nature is very important, very important, I’ll emphasise that” (P10), or that “I feel much better when I am outside” (P10).



3.2.4.2 Subtheme 4.2: nature’s recharging power

Participants reported a number of significant benefits that they gained from connection with nature. In different ways, participants felt replenished; “It’s like you know you plug in your phone to recharge, I feel depleted if I do not have it” (P1), or it “makes me feel reset” (P2), “I love to walk in nature, everything about it soothes my body and my mind,” (P9). It had a therapeutic and/or restorative value for some participants; “It’s the best therapy, I have” (P4), “It makes me feel amazing, it restores my equilibrium” (P7) or “I feel energised, refreshed” (P10) after being in nature.



3.2.4.3 Subtheme 4.3: preferences for varying natural environments

All participants identified certain favourite places within nature. The majority of participants (n = 10) chose being by the sea as their favourite place in nature; “I’ve always been drawn to the sea, it’s that expanse” (P2), or another participant who stated, “I love everything about the sea, it just hits the right spot for me,” “the sea is my area, I just love the sea” (P6), “my preference would be the beach” (P1). Forests, woodlands, and hills were also identified by seven participants as a favourite place at times, with some saying that it depends on what they need at a particular time, “If I need to release, I get into water, if I need grounding, it’s the forests and the green” (P7) and the feeling of a particular place, “It depends on the feeling I get from a place, there are certain woodland areas that tick the box as well” (P2). A number of participants also reported that even small amounts of nature are enough to help them feel better, in times they cannot get out into bigger nature. For example, one participant stated “Once I got my 10 min out in the little [courtyard garden in hospice] area, I was OK” (P1), whereas another participant stated, “I like just sitting looking out at the garden” (P6) and reported that “I have lovely pots with lovely colour” [to look out at] “it is peaceful and nice” (P9). Even short periods of time or just a quick visit to a garden were restorative here as one participant remarked “It does not matter if it is just a friend’s garden or even a little pot plant” (P10) or another stated, “Gardening is my go to thing, I do not need to climb [a mountain] or anything like that” (P5).






4 Discussion

This mixed methods study addressed flourishing in individuals with different levels of sensitivity, with a specific focus on those who are middle-aged and older. While the literature highlights the disadvantages of being highly sensitive for well-being (Greven et al., 2019; Harrold et al., 2024), we focussed on flourishing and the factors that can promote or hinder it, depending on SPS. We considered two factors, namely, a self-reported chaotic home environment and being connected with nature. We hypothesised that the first may be detrimental for highly sensitive people due to the low sensory thresholds and ease of excitation; while the second can support well-being and enhance the benefits derived from the natural environment, given the aesthetic sensitivity of highly sensitive individuals. In the first part of the study, we tested the hypotheses that a chaotic home environment would moderate negatively the association of sensitivity with flourishing and that nature connectedness would moderate it positively. In the second part of the study, we delved more in-depth into the experience of being highly sensitive in relation to these two factors.

The findings of the quantitative part of the study support the hypothesis that higher levels of nature connectedness are associated with higher flourishing in those with higher levels of sensitivity. While a higher score on the HSP-12 scale is associated with lower flourishing, this is not the case in those who are more connected to nature; therefore, nature connectedness helps highly sensitive people to flourish. This is supported by the qualitative findings of the study, where participants consistently reported seeking nature to improve their well-being, relieve stress, and consider it an essential part of their lives. The mechanism through which nature connectedness enhances flourishing in high SPS individuals is likely multifaceted.

First, nature connectedness is associated with hedonic well-being and life satisfaction (Capaldi et al., 2014), as well as eudemonic well-being (Pritchard et al., 2020). Martin et al. (2020) found that nature connectedness was associated with eudemonic well-being, when controlling for nature contact and socio-demographic factors in a large sample of participants. In the same study, nature connectedness moderated the relationship between some types of exposure and well-being. Along this line, a potential pathway through which nature connectedness enhances flourishing in highly sensitive people is feeling part of nature as a meaningful experience, enhancing eudemonic well-being and providing positive emotions. Participants in the qualitative part reported that nature is a requirement in their lives, suggesting a deep meaning to their relationship with nature. This is reflected in the multifaceted appraisal of the benefits of different kinds of environment. It also aligns with the findings of Dunne et al. (2024) where, in a large sample of participants, higher sensory processing sensitivity was associated with higher nature connectedness.

Second, the positive emotions experienced when in nature could constitute a way to enhance nature connectedness and therefore enhance well-being, through positive memories (e.g., Cadogan et al., 2023), or by bolstering the effects of limited exposures to nature, as highlighted in the qualitative part of the study. In the qualitative study, our participants reported getting significant benefits even from short nature breaks, such as a few minutes in the garden. The qualitative results also indicated preferences in how highly sensitive individuals engage with nature: The majority expressed an overall preference for blue spaces, particularly the sea. A strong affinity with green areas and woodlands was also reported, and these findings were similar to previous findings by Black and Kern (2020).

However, a chaotic home environment did not affect flourishing more in highly sensitive individuals in the quantitative part of the study. Notably, chaos levels were generally low in this cohort. Nonetheless, the qualitative result corroborated the idea that a chaotic home environment decreases well-being in highly sensitive people. This discrepancy could be due to chaos affecting all individuals, including those with lower sensitivity, as shown by the main effect of CHAOS. It could also be due to the types of questions asked in the flourishing scale that are related to overall well-being in relation to one’s life. It is possible that a scale capturing stress would have provided a better quantitative tool to capture the relationship between high sensitivity and a chaotic environment. Alternatively, it is possible that, if other positive supports are in place, e.g., social support (Bonanno, 2004), or coping strategies, those who are highly sensitive could experience chaos as a growth factor. Fredrickson’s (2004) Broaden-and-Build Theory of Positive Emotions suggests that experiencing a range of emotions, including those elicited by chaotic circumstances, can broaden one’s repertoire of thoughts and actions, contributing to greater personal growth and resilience. The ability of our interviewed participants to cope better with their sensitivity and to adapt to their environment or accept their own reactions could potentially align with this view. Further research could test these different hypotheses.

Finally, the exploratory interaction between HSP-12, age, and nature connectedness indicates that nature connectedness plays a more important role in flourishing for highly sensitive individuals in middle and older age compared to those with lower sensitivity. In contrast, for the younger group (40–49), nature connectedness is a significant predictor of flourishing, regardless of the level of sensory processing sensitivity. This aligns with research suggesting that well-being trajectories change with age, often increasing in later life due to improved emotional regulation and a greater focus on meaning-making (Carstensen et al., 1999; Scheibe and Carstensen, 2010). HSP-12 significantly negatively predicted flourishing in all age groups; however, nature was a moderator only in the 50–59 and 60+. This may indicate that some highly sensitive people can avail of their connectedness with the natural environment to increase their flourishing; however, this is not the case for all. In addition, recent research has shown nature connectedness to be a mediating factor in the relationship between environmental sensitivity and mental health (Mariani Wigley et al., 2025). Studies have shown that nature connectedness plays a significant role in well-being and may become more meaningful with age, possibly due to a greater appreciation for natural beauty and an increased sense of belonging in nature (Lumber et al., 2017). The interviews support the idea that nature is perceived as a fundamental part of life, and given the age of participants, this may also suggest that with life experience, highly sensitive people adopt ways of being that are more compatible with their sensitivity. This is consistent with literature indicating that sensory processing sensitivity interacts with environmental influences on well-being, particularly in later life (Greven et al., 2019). Cultivating a relationship with nature may be one such adaptive strategy that contributes to flourishing in highly sensitive individuals as they age.

A main strength of this study was the combination of quantitative and qualitative methods with the quantitative results showing that increased nature connectedness predicts increased flourishing in SPS and the qualitative results elucidating what type of nature works best and what the benefits are. This study also helps to address the imbalance of previous research on the more negative aspects of SPS and, in the qualitative interviews, gives voice to a group that may not be heard as often as others. Some limitations of the study include the fact that the participants are mostly from white, educated, industrialised, rich, democratic cultural backgrounds, and it would be valuable to replicate the study with a more culturally diverse cohort. In addition, this study did not collect information on participants’ backgrounds or childhoods, which would add to the findings as childhood experiences in SPS have been found to be linked to psychological outcomes for adults with SPS (Aron et al., 2005; Booth et al., 2015).

While our findings highlight the importance of nature connectedness for flourishing in highly sensitive individuals, it is likely that the extent of these benefits may depend on factors such as the amount of time spent in nature (Mariani Wigley et al., 2025) and accessibility to natural spaces. Individuals with greater access to nature or those who actively spend more time in natural environments may experience stronger benefits compared to those with limited exposure. Future research could explore the role of these factors, examining whether differences in frequency and type of nature exposure (see Holzer et al., 2024) further moderate the relationship between sensitivity and flourishing. In addition, our qualitative sample consisted of individuals who met specific inclusion criteria relevant to our broader research questions. As a result, the findings may reflect perspectives shaped by these characteristics. Future research could benefit from including a more diverse sample in terms of demographic background, socioeconomic status, and geographical location to better understand how different groups experience the relationship between sensitivity, nature connectedness, and flourishing.

As positive psychology is the study of ‘what works’ in support of psychological well-being and flourishing (Seligman, 2011), further research on those people who are both highly sensitive and flourishing would help to increase understanding of how well-being can be achieved and maintained in SPS. Nature connectedness appears to be a potential psychological factor.
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Background/purpose: This study examines maternal adjustment in the context of expatriation, where mothers face intensified cultural, social, and psychological challenges. Perceived social support, a key predictor of maternal well-being, may buffer these stressors. Sensory Processing Sensitivity (SPS)—a biological trait associated with heightened environmental and emotional sensitivity—may moderate the influence of maternal adjustment differently depending on the context (expatriation) and perceived social support. This study examines whether SPS and its subscales (Low Sensory Threshold [LST], Ease of Excitation [EOE], and Aesthetic Sensitivity [AES]) influence the link between perceived support and maternal adjustment differently among expatriate and non-expatriate mothers.
Methods: Participants were 279 mothers, ages 20–49, with a mean of 1.9 children (SD = 1.2) aged 0–8 years. Mothers were recruited through targeted advertisements on social media, networks, and forums. Of these, 169 were expatriates, and 110 were non-expatriates. All participants completed measures of maternal adjustment (EMQ), perceived social support (MSPSS), and Sensory Processing Sensitivity (HSP-12 Scale) online.
Results: Overall, SPS and its subdimensions (LST, EOE, and AES) were positively associated with maternal adjustment, with highly sensitive mothers reporting better adjustment than those with lower sensitivity levels. Among expatriate mothers, SPS was a significant predictor of maternal adjustment, and the interaction between SPS and social support significantly predicted maternal adjustment. Also, main effects were observed for each of the SPS subscales (AES, EOE, and LST), with AES and EOE also showing significant interactions with SPS in predicting maternal adjustment. No significant effects of SPS and support, or their interaction and were found for non-expatriate mothers.
Conclusion: This study highlights the complex interplay between social support, SPS, and maternal adjustment, demonstrating that sensitivity shapes how mothers experience and benefit from social support. Overall, SPS was associated with better maternal adjustment. Also, in the context of expatriation (with additional challenges), SPS and its interaction with support were associated with better maternal adjustment. These findings suggest a positive outlook for mothers with high SPS, especially in contexts with social support. Also, they highlight the need for targeted interventions tailored to highly sensitive mothers, particularly those in expatriate contexts, to enhance maternal well-being and facilitate adjustment to motherhood.
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1 Introduction

Expatriation is a complex and demanding experience that introduces significant psychological, social, and emotional challenges for individuals and their families. Unlike other forms of migration, which may be driven by economic necessity or forced displacement, expatriation is often characterized by structured, employer-driven relocations with a predetermined duration and varying degrees of organizational support (Fischlmayr and Puchmüller, 2015; Harari et al., 2018). While this structured nature may provide some logistical advantages, it does not shield expatriates from profound disruptions to their social networks, cultural dislocation, and heightened psychological stress (Brown, 2008). A key challenge in expatriation is the abrupt loss of established social and emotional support systems, including extended family, long-standing friendships, and familiar cultural frameworks that typically provide stability and reassurance. Additionally, expatriates must navigate the demands of adapting to a new cultural environment, which often involves language barriers, unfamiliar social norms, and a lack of immediate, trusted social connections.

It is well known that the transition to motherhood is compounded by significant psychological, social, and emotional challenges that require substantial adaptation (Stern and Bruschweiler-Stern, 1998). Access to broader networks, such as peer communities and structured social interactions, is linked to better maternal adaptation, highlighting the importance of both social and environmental factors (Greven et al., 2019; De Sousa Machado et al., 2020). Expatriation introduces additional complexities that can affect maternal adjustment, further emphasizing the need for systemic and structural support to help mothers navigate shifting self-concept, evolving personal and professional roles, and the challenges of maintaining well-being within unfamiliar social contexts (Neely and Reed, 2023).

Expatriation may disrupt access to established support networks, leaving mothers with fewer resources for emotional reassurance and practical assistance (Zeynalova, 2023). Additionally, expatriate mothers often carry the dual responsibility of adjusting to their new cultural environment while ensuring their children’s successful adaptation, a task further complicated when their partners are heavily committed to demanding professional obligations (Copeland and Norell, 2002). However, social support helps reduce stress, improve coping strategies, and enhance maternal well-being (Leahy-Warren et al., 2011; Figueiredo and Costa, 2009; Hijazi et al., 2021; Sharifipour et al., 2023).

Beyond social support and despite the significant challenges that motherhood entails, individual differences may also shape how mothers experience and respond to these challenges, whether in familiar or foreign environments (Taubman Ben-Ari et al., 2009). In this context, the biological trait of Sensory Processing Sensitivity (SPS)—which is associated with enhanced responsivity to the environment and others, as shown by enhanced empathy (e.g., Aron and Aron, 1997; Acevedo et al., 2014)— may explain individual differences in how mothers—both expatriate and non-expatriate—navigate their transition to motherhood. According to the theories of Differential Susceptibility and Environmental Sensitivity, highly sensitive individuals exhibit intensified reactions to both negative and positive contexts, making them more vulnerable to stressors, but also more receptive to supportive conditions (Belsky and Pluess, 2009).

In the context of motherhood, SPS can significantly influence maternal adjustment, as heightened emotional awareness, empathy, and deep processing of experiences shape both stress regulation and caregiving abilities (Acevedo et al., 2014; Aron et al., 2019). Highly sensitive mothers tend to be more emotionally attuned to their children, yet they may also experience increased difficulties in self-regulation when faced with challenges such as postpartum recovery, sleep deprivation, and the demands of infant care (Wu et al., 2021). In this vein, the literature shows that individuals with heightened SPS may experience increased stress and fatigue due to overstimulation in demanding environments (Gerstenberg, 2012). Additionally, they tend to exhibit increased emotional reactivity and introversion, which can influence their stress levels and coping mechanisms (Lionetti et al., 2018). This high sensitivity may increase maternal stress and fatigue, particularly in mothers with limited social support, as they may struggle to regulate their responses to overwhelming stimuli.

Building on this, research highlights that SPS is a multifaceted trait comprising distinct factors that differentially influence individual experiences. Low Sensory Threshold (LST), characterized by heightened reactivity to sensory input, makes individuals more sensitive to environmental stimuli, leading to increased discomfort in overstimulating conditions. Ease of Excitation (EOE) refers to how easily an individual becomes emotionally and physiologically aroused, which can result in higher emotional overload and difficulties in stress regulation (Pluess and Boniwell, 2015). These dimensions tend to amplify stress responses, making individuals more reactive to environmental demands.

In contrast, Aesthetic Sensitivity (AES) is associated with a heightened engagement with sensory and emotional experiences, which may contribute to deeper absorption of positive stimuli and potentially mitigate stress responses (Smolewska et al., 2006). It was noted that individuals with heightened aesthetic sensitivity exhibited greater levels of openness and agreeableness and were more inclined to use adaptive coping strategies (Chacón et al., 2024).

Thus, in the context of motherhood, SPS may shape maternal experiences in ways that are both demanding and enriching. Recognizing the complex effects of SPS is essential for developing personalized interventions, particularly for mothers facing additional stressors, such as those in expatriate contexts with reduced social support. A deeper understanding of how SPS interacts with environmental and social factors can inform the development of targeted support strategies that not only mitigate stressors but also harness the strengths of highly sensitive mothers (Bader et al., 2023), ultimately fostering better maternal well-being and adaptation.



2 Study aims and hypothesis

This study aims to investigate maternal adjustment in the context of expatriation, considering perceived social support and Sensory Processing Sensitivity (SPS) as key variables shaping this experience. Specifically, it explores how the perception of social support affects maternal adjustment and whether this relationship is moderated by individual differences in SPS. The expatriate versus non-expatriate context is examined across both aims to account for environmental variation in perceived support and maternal experience.

Aim 1 is to explore how perceived social support predicts maternal adjustment in mothers living in both expatriate and non-expatriate contexts.

Aim 2 is to examine whether SPS moderates the relationship between perceived social support and maternal adjustment, and whether this moderation differs depending on expatriation status.

From these aims, the following hypotheses are proposed:


H1a: Higher levels of perceived social support will be associated with better maternal adjustment across the sample, regardless of expatriate status. This hypothesis is based on literature demonstrating the protective effects of social support on maternal well-being (Leahy-Warren et al., 2011; Figueiredo and Costa, 2009; Figueiredo et al., 2008; Williamson et al., 2023).
H1b: Non-expatriate mothers will report higher levels of perceived social support and better maternal adjustment than expatriate mothers. Expatriation is associated with the disruption of familiar support systems and increased cultural adaptation demands, which can negatively impact well-being (Brown, 2008). In contrast, non-expatriate mothers typically retain more stable social networks, which may facilitate a smoother adjustment process.
H2a: SPS will moderate the relationship between perceived social support and maternal adjustment, such that highly sensitive mothers with high perceived support will report better maternal adjustment than those with low support. This aligns with the Differential Susceptibility theory, which posits that highly sensitive individuals are more responsive to environmental inputs, experiencing heightened benefit from supportive contexts (Belsky and Pluess, 2009).
H2b: The moderating effect of SPS will differ by expatriate status. Specifically, among expatriate mothers, those high in SPS and with high perceived social support will report significantly better adjustment than those with low support. In contrast, among non-expatriate mothers, this interaction is expected to be weaker or absent. Expatriation presents a unique constellation of stressors, and the combination of high SPS with environmental complexity may intensify mothers’ responsiveness to perceived support (Zeynalova, 2023).




3 Method


3.1 Participants

The study sample comprised 279 mothers recruited through targeted advertisements on social media platforms (Facebook, LinkedIn, Twitter), expatriate networking groups, and parenting forums. Before participation, mothers provided electronic informed consent, which outlined their rights, the voluntary nature of the study, and the option to withdraw at any time without consequences. No financial compensation was provided.

The whole survey was completed online, and it included demographic questions and standardized psychological measures assessing: maternal adjustment, Sensory Processing Sensitivity (SPS), and perceived social support. The estimated completion time was 30–45 min, given the inclusion of multiple questionnaires intended for future research publications.

Participants were 279 highly educated mothers, with 84.31% holding a graduate or postgraduate degree. The majority were married (87.95%) and employed full-time (74.72%). Most participants (89.2%) were 20–49 years of age. The mean number of children per household was 1.9 (SD = 1.2), and 95% of mothers had children between 0 and 8 years of age.

Participants were divided into two groups based on expatriate status: 169 expatriate mothers (60.57%) and 110 non-expatriate mothers (39.42%). Among expatriate participants, the most common countries of origin were the United States, Australia, South Africa, and Canada. At the time of participation, expatriate mothers were primarily residing in countries including the United States, Thailand, India, Lebanon, and Australia. Expatriate mothers relocated primarily for work-related reasons, often through employer-assigned expatriation programs that involved financial support, predefined job responsibilities, and a limited duration of stay (Fischlmayr and Puchmüller, 2015; Harari et al., 2018). Among expatriate participants, 46.48% originated from North America (Canada, United States), 29.50% from South America and Asia, and 24.02% from Europe, Africa, and Oceania. Non-expatriate mothers resided in their countries of origin, with 79.67% from Spain, Germany, Sweden, or the United Kingdom, and 20.33% from other European and non-European countries.

To participate in the study, mothers were required to have sufficient proficiency in English, as all questionnaires were administered in their original English versions without adaptations or translations. Participants who did not complete all questionnaires were excluded from the final analysis.



3.2 Procedure

The study protocol was reviewed and approved by the Ethics Committee of Universitat de Girona. Data were collected through a cross-sectional online survey, distributed via Qualtrics, which facilitated access to a geographically diverse sample.



3.3 Measures

Sociodemographic data were collected, including age, marital status, employment status, number of children, and expatriation status.

The Experience of Motherhood Questionnaire (EMQ): a questionnaire that assesses coping and emotional well-being in mothers with small children (Astbury, 1994). It consists of 20 items. Participants respond using a Likert-type scale ranging from “Not at all” (1) to “Very much so” (4), indicating their agreement or level of endorsement for each statement. The EMQ is structured around six factors: Maternal Anxiety/Concern, Coping with Baby, Personal Autonomy, Coping/Satisfaction with Life, Maternal Overload, and Extrinsic Support. A slight modification was made to the items of the Experience of Motherhood Questionnaire (EMQ), replacing the term “baby” with “child.” This adjustment was necessary to ensure the inclusion of mothers whose children were no longer infants, allowing for a broader representation of maternal experiences. Internal consistency was reported as 0.80.

The Highly Sensitive Person Scale (HSP-12): a 12-item scale that measures Sensory Processing Sensitivity (SPS). The scale includes five items on Ease of Excitation (EOE), three items on Low Sensory Threshold (LST), and four items on Aesthetic Sensitivity (AES). The scale was scored on a 7-point Likert scale (1 = not at all, 7 = extremely). Mean scores were calculated for the SPS total score, and the three subscales were analyzed separately to examine whether distinct aspects of sensitivity differentially moderated the relationship between social support and maternal adjustment. Internal consistency in this sample was high, with Cronbach’s alpha = 0.87 for the SPS total score; α = 0.84 for EOE, α = 0.63 for LST, and α = 0.75 for AES.

The Multidimensional Scale of Perceived Social Support (MSPSS): a self-report instrument designed to assess perceived social support from three primary sources: Family, Friends, and Significant Others. This 12-item questionnaire utilizes a Likert scale ranging from “Very Strongly Disagree” to “Very Strongly Agree.” Developed by Zimet et al. (1988), the MSPSS demonstrates robust factorial validity, indicating that its three subscales effectively capture distinct dimensions of perceived social support, along with good internal reliability. Internal consistency of this scale in this study was excellent, with Cronbach’s alpha = 0.97 for the total score.



3.4 Data analysis

All continuous variables were described using means and standard deviations. Preliminary associations among study variables were examined using Pearson correlations, and reliability assessments were conducted for all scales and subscales of interest.

Stepwise multiple regression analyses were conducted to examine whether SPS, total and subscale scores (EOE, LST, AES), moderated the relationship between perceived social support and maternal adjustment in a differential expatriate context (expatriate vs. non-expatriate mothers). For each stepwise regression, the following models were tested: (1) main effects, (2) two-way interactions: SPS total scores (or subscales) with perceived social support, and SPS with expatriate status, and (3) the three-way interaction of SPS, perceived social support, and expatriate status. The significance of incremental R-squared (ΔR2) was used to select the optimal mode. Assumptions for regression analyses, including linearity, homoscedasticity, normality of residuals, and multicollinearity, were assessed. Outliers were identified and examined to ensure that they did not unduly influence the results. Analyses were performed using Jamovi software (The Jamovi Project, 2024).




4 Results


4.1 Descriptive statistics

Descriptive statistics for all study variables are presented in Table 1. While most variables did not significantly differ based on expatriate status (ExpMom vs. NoExpMom), perceived social support was significantly lower among expatriate mothers (p < 0.05). Reliability analyses demonstrated good internal consistency for the SPS scale (both overall and subscales), comparable to previous empirical studies employing the HSP-12 scale.


TABLE 1 Descriptive measures for variables of interest by group. Cronbach alpha in parentheses for each scale and subscales.


	Descriptives
	Group
	
N

	Mean
	SD

 

 	SPS (0.87) 	ExpMom 	169 	4.70 	1.09


 	NoExpMom 	110 	4.98 	1.20


 	AES (0.75) 	ExpMom 	169 	5.21 	1.24


 	NoExpMom 	110 	5.35 	1.31


 	LST (0.63) 	ExpMom 	169 	3.36 	1.14


 	NoExpMom 	110 	3.77 	1.18


 	EOE (0.84) 	ExpMom 	169 	5.54 	1.64


 	NoExpMom 	110 	5.82 	1.75


 	MSPSS (0.97) 	ExpMom 	169 	2.32 	1.36


 	NoExpMom 	110 	5.54 	1.04


 	EMQ (0.80) 	ExpMom 	169 	2.47 	0.25


 	NoExpMom 	110 	2.50 	0,29





SPS, Sensory Processing Sensitivity total score; AES, Aesthetic Sensitivity; LST, Low Sensory Threshold; EOE, Ease of Excitation; MSPSS, Multidimensional Scale of Perceived Social Support total score; EMQ, Experience of Motherhood Questionnaire total score.
 



4.2 Correlation analysis

As a preliminary step, we explored bivariate correlations between the main variables of interest (see Table 2). These analyses revealed significant positive associations between SPS and maternal adjustment. All three SPS subdimensions—Ease of Excitation (EOE), Low Sensory Threshold (LST), and Aesthetic Sensitivity (AES)—were positively correlated with maternal adjustment. While these associations are not part of our primary aims or hypotheses, they provide valuable context for interpreting the moderation models.


TABLE 2 Correlation for variables of interest for entire sample.


	Correlations among variables of interest



	
	AES
	LST
	EOE
	SPS
	SIGOTHE
	FAMI
	FRIEND
	MSPSS

 

 	AES 	— 	 	 	 	 	 	 	


 	LST 	0.588*** 	— 	 	 	 	 	 	


 	EOE 	0.409*** 	0.604*** 	— 	 	 	 	 	


 	SPS 	0.773*** 	0.858*** 	0.852*** 	— 	 	 	 	


 	SIGOTHE 	0.010 	0.161** 	0.084 	0.100 	— 	 	 	


 	FAMI 	0.038 	0.216*** 	0.070 	0.123* 	0.771*** 	— 	 	


 	FRIEND 	0.01 	0.141* 	0.062 	0.079 	0.790*** 	0.706*** 	— 	


 	MSPSS 	0.018 	0.188** 	0.079 	0.110 	0.938*** 	0.900*** 	0.906** 	—


 	EMQ 	0.254*** 	0.274*** 	0.233*** 	0.303*** 	0.070 	0.052 	0.029 	0.056





SPS, Sensory Processing Sensitivity total score; AES, Aesthetic Sensitivity; LST, Low Sensory Threshold; EOE, Ease of Excitation; SIGOTHE, significant to others; FAMI, significant to family; FRIEND, significant to friends; MSPSS, Multidimensional Scale of Perceived Social Support total score; EMQ, Experience of Motherhood Questionnaire total score.
 



4.3 Regression analysis

To explore the moderating role of SPS in the relationship between perceived social support (MSPSS) and maternal adjustment (EMQ), a series of stepwise multiple regression analyses were conducted. Following the non-significant three-way interaction among SPS, MSPSS, and expatriate status, the sample was stratified by expatriate status. This allowed for an exploratory examination of two-way interaction models within each group—expatriate and non-expatriate mothers (see Table 3).


TABLE 3 Stepwise regression model for SPS total score, MSPSS and expatriate status predicting main effect and interaction over EMQ.


	Model Coefficients–EMQ



	Model
	Predictor
	Estimate
	SE
	t
	

 

 	Model 1 	Intercept ᵃ 	2.406 	0.149 	16.11** 	


 	SPS 	 	0.01564 	0.037 	0.49


 	MSPSS 	−0.117 	0.052 	−2.22* 	


 	Expatriate Status 	0.359 	0.022 	1.62 	


 	Model 2 	SPS ✻ MSPSS 	0.023 	0.010 	2.13* 	


 	SPS ✻ Expatriate Status 	−0.094 	0.046 	−2.03* 	


 	Model 3 	SPSTotal_R ✻ MSPSS ✻ 	0.005 	0.005 	0.93 	





ΔR² Model 1 vs Model 2 = 1.98, F (2,273) = 3.053, p < 0.05. Model 2 vs. Model 3 = 0.88 (n.s.). Reference level ExpMom. **<0.01, *<0.05.
 

In the expatriate group, SPS was a significant predictor of maternal adjustment. Specifically, Model 1 indicated a significant positive main effect of SPS on EMQ (β = 0.071, SE = 0.017, t = 4.10, p < 0.05), whereas MSPSS did not contribute significantly. In Model 2, the interaction between SPS and MSPSS was significant (β = 0.026, SE = 0.011, t = 2.30, p < 0.05) (see Figure 1). Additionally, a significant main effect of MSPSS was observed in this model (β = −0.133, SE = 0.055, t = −2.38, p < 0.05).

[image: Scatter plots show the interaction of SPS and MSPSS on EMQ for two groups: ExpMom and NonExpMom. Plot (a) illustrates a slightly negative correlation for ExpMom, while plot (b) depicts a slightly positive correlation for NonExpMom. Both plots include trend lines for one standard deviation above, below, and at the mean. Dotted regions indicate confidence intervals, and data points are scattered around the trend lines.]

FIGURE 1
 Interaction plot for SPS*MSPSS on Expatriate Mothers (a) and Non Expatriate Mothers (b). The Johnson-Neyman Interval test showed that when SPS is outside the interval [−1.12, 3.29], slope of MSPSS is p < 0.05. SPS range is [−3.06, 2.19].


In contrast, in the non-expatriate group, neither main effects nor interaction effects reached statistical significance.


4.3.1 Moderation by SPS subscales

To further examine differential patterns of sensitivity, additional stepwise regression analyses were performed separately for each SPS subscale—Low Sensory Threshold (LST), Aesthetic Sensitivity (AES), and Ease of Excitation (EOE)—within each expatriation group.


4.3.1.1 Expatriate mothers


	• LST: Model 1 revealed a significant main effect of LST on maternal adjustment (β = 0.06, SE = 0.01, t = 3.60, p < 0.05). However, in Model 2, no significant interaction between LST and MSPSS was observed, nor were additional main effects significant.

	• AES: A significant main effect was observed in Model 1 (β = 0.053, SE = 0.01, t = 3.47, p < 0.05). In Model 2, MSPSS approached significance (β = −0.09, SE = 0.04, t = −1.93, p = 0.054), and the interaction between AES and MSPSS was significant (β = 0.01, SE = 0.008, t = 2.06, p < 0.05), indicating a moderating effect of AES on the relationship between support and adjustment.

	• EOE: A significant main effect of EOE was observed (Model 1: β = 0.034, SE = 0.011, t = 2.93, p < 0.05). In Model 2, a significant interaction emerged between EOE and MSPSS (β = 0.02, SE = 0.008, t = 2.15, p < 0.05).





4.3.1.2 Non-expatriate mothers

In the non-expatriate group, analyses for LST, AES, and EOE subscales yielded no statistically significant main or interaction effects.






5 Discussion

This study investigated maternal adjustment in the context of expatriation, focusing on the role of perceived social support and SPS in shaping maternal adjustment. Rather than examining SPS as uniformly beneficial or detrimental, our findings suggest that higher sensitivity is associated with better maternal adjustment when mothers perceive social support. This is consistent with SPS theory suggesting that SPS is associated with greater depth of processing, awareness of subtleties in the environment, a tendency to become overstimulated, stronger emotional responses (both positive and negative), and empathy to others’ affective cues (e.g., Aron and Aron, 1997; Wolf et al., 2008; Acevedo et al., 2018). Also, our findings are consistent with neuroimaging research showing that SPS is associated with stronger empathy-related neural activity in response to a loved one or strangers’ happy or sad facial expressions, as well as higher response in the brain’s reward regions in response to face images of a spouse smiling (Acevedo et al., 2014).

Our findings further revealed that the association between SPS and maternal adjustment varies as a function of environmental context and its interaction with perceived social support, particularly among mothers in expatriate settings. This aligns with the frameworks of Differential Susceptibility and Environmental Sensitivity, which propose that highly sensitive individuals exhibit amplified responses to both adverse and supportive conditions (Belsky and Pluess, 2009; Pluess, 2015; Aron et al., 2012). Consistent with our hypothesis H2a, SPS moderated the relationship between perceived social support and maternal adjustment, such that expatriate mothers with higher levels of SPS reported better adjustment when they also perceived strong social support. In line with hypothesis H2b, this moderating effect was specific to the expatriate group and not observed among non-expatriate mothers, suggesting that the regulatory impact of SPS is particularly salient under more challenging environmental conditions. Moreover, Aesthetic Sensitivity (AES) emerged as a central moderator in the relationship between support and adjustment. The amplification effect observed here may reflect a form of sensory-affective attunement that enhances the internalization of supportive experiences, contributing to improved maternal well-being. In the context of motherhood, this capacity to register and integrate positive environmental input may foster a more resilient, meaning-oriented adaptation process.

This interpretation aligns with research identifying AES as a perceptual lens attuned to subtle emotional and aesthetic cues, linked to trait absorption, affective richness, and openness to beauty and coherence (Smolewska et al., 2006). Within the vantage sensitivity framework (Pluess and Belsky, 2013), AES may function as a facilitating trait, allowing highly sensitive individuals to derive disproportionate benefit from enriched or supportive environments. In expatriate motherhood, this may include the ability to find resonance and meaning in new cultural surroundings, offering alternative sources of comfort and coherence.

EOE also moderated the relationship between social support and maternal adjustment. Among expatriate mothers, higher levels of SPS and perceived support were associated with enhanced maternal adjustment, indicating that social resources may serve as a key buffer for individuals whose heightened emotional reactivity would otherwise increase vulnerability to environmental stressors.

While H1a anticipated a general positive association between perceived social support and maternal adjustment, our findings suggest that this relationship is contingent on individual differences, such as SPS in general, highlighting that support may function not only as a protective factor, but as a regulatory mechanism that helps manage affective overload in highly sensitive individuals navigating the complexities of relocation and acculturation. This was supported by the significant interaction between EOE and social support, resulting in better maternal adjustment. Given this focus on internal experiences, self-report methods were central to capturing the lived experience of adjustment. However, future research may complement these with observational or clinical assessments to enrich our understanding of behavioral adaptation.

Further, expatriate mothers with higher LST levels demonstrated increased maternal adjustment, although the interaction with social support was not significant. While LST has been associated with heightened stress reactivity, our findings suggest that this reactivity can be redirected toward adaptive responsiveness, notably among expatriate mothers.

Together, these findings provide a more granular understanding of how SPS operates in maternal adjustment. Notably, while social support was conceptualized as a universally beneficial predictor of maternal adjustment (H1a), our results indicate that its effects are more conditional than originally hypothesized. The absence of a significant main effect suggests that perceived support alone does not predict adjustment uniformly but may require specific individual or contextual configurations, such as high SPS or the presence of expatriation-related stress, to become salient. Similarly, H1b, which anticipated better adjustment and higher perceived support among non-expatriate mothers, was only partially supported. Although non-expatriate mothers did report greater perceived support, this did not translate into significantly higher maternal adjustment.

Highly sensitive mothers appear to experience motherhood in a qualitatively distinct way, suggesting better adjustment, even in challenging circumstances, such as expatriation. Expatriation, far from being a uniform stressor, may offer both risk and opportunity depending on how it aligns with sensitivity. Structured expatriate communities, cultural novelty, and imposed routines may facilitate a balance between sensory engagement and adaptive retreat, allowing some highly sensitive mothers to thrive.

This perspective moves beyond the notion of SPS as either a vulnerability or a protective factor. It instead highlights the importance of identifying how specific environmental and social features interact with different SPS subdimensions. The aim should not be to categorize sensitivity but to understand its context-dependency, to better adapt external conditions to support well-being and promote functional adjustment. It is important to consider that these interpretations arise within a specific demographic context. These findings should also be interpreted within the specific demographic profile of the sample, composed predominantly of highly educated mothers, a characteristic typical of structured expatriate populations.



6 Novelty of this paper

This study offers a novel contribution to the literature by integrating three previously distinct domains—SPS (SPS), perceived social support, and maternal adjustment—within the underexplored context of expatriate motherhood. While prior research has examined SPS in relation to parenting, child attunement, and caregiving behaviours, this study shifts focus to maternal adjustment itself, addressing a critical gap in how sensitivity traits shape the experience of becoming a mother under complex environmental conditions.

A key innovation lies in the fine-grained analysis of SPS subdimensions—specifically, the moderating roles of Aesthetic Sensitivity (AES), Ease of Excitation (EOE), and Low Sensory Threshold (LST)—in shaping how perceived support influences maternal adaptation. Rather than treating SPS as a monolithic trait, this study empirically demonstrates how its components function differently across expatriate and non-expatriate contexts. In particular, the finding that AES amplifies the adaptive role of perceived support introduces a nuanced perspective on how sensory-affective attunement may support meaning-making and psychological resilience during the transition to motherhood.

Moreover, the identification of context-specific effects, such as the interaction between EOE and social support among expatriate mothers, advances a more dynamic model of adjustment. These patterns challenge traditional direct-effect models of support by showing that the impact of perceived support depends not only on its availability but on how it is interpreted and integrated by individuals with distinct sensory-affective profiles. This opens new directions for conceptualising support not simply as a protective resource, but as a variable processed through perceptual, emotional, and contextual filters.

By investigating the intersection of sensitivity, environment, and perceived support, this study introduces a context-sensitive framework for understanding maternal adjustment. Rather than isolating vulnerability or resilience as fixed traits, the findings emphasise the need to examine how specific environmental configurations interact with individual sensitivity dimensions. In doing so, the study offers both theoretical advancement and practical insight, supporting the development of tailored interventions that consider how highly sensitive mothers engage with their environments, particularly during transitional life phases like expatriation.

Given that SPS characterises a substantial portion of the population, identifying the environmental and relational conditions that enhance or hinder adjustment among highly sensitive individuals is vital. This research thus lays the groundwork for developing nuanced, evidence-informed strategies to promote maternal well-being in culturally and emotionally complex settings.



7 Limitations and future directions

Several limitations should be acknowledged in interpreting the findings of this study. First, although the use of the Experience of Motherhood Questionnaire (EMQ) with SPS represents a novel approach, only the total EMQ score was analyzed. This precluded a more detailed exploration of its subscales, which may have provided greater insight into how specific aspects of maternal adjustment relate to sensitivity traits such as Low Sensory Threshold (LST). Future studies would benefit from disaggregating the EMQ to examine whether particular dimensions of maternal adjustment are differentially affected across expatriate and non-expatriate mothers.

Second, the heterogeneity of the sample—both within and across groups—introduces interpretive complexity, particularly regarding the role of cultural context in shaping self-reported experiences. Although the inclusion of a culturally diverse sample was an intentional strength of the design, especially for capturing the variability of expatriate motherhood, it also raises the possibility that cross-cultural differences in emotional expression, sensitivity processing, or perceived support may influence responses. Prior research suggests that individual traits such as SPS can be expressed or interpreted differently across sociocultural environments (Aron et al., 2010). Nonetheless, the measures used in this study are widely validated across cultures and underpin key findings in international SPS research. Future culturally grounded studies may still reveal subtle differences in how sensitivity and support are perceived.

Third, the cross-sectional design of the study limits inferences about developmental or temporal processes. Longitudinal research is needed to investigate how the relationships identified here—between SPS, perceived social support, and maternal adjustment—evolve over time, particularly during key stages of the motherhood transition and in response to environmental shifts.

Fourth, although variables such as time abroad and language proficiency were collected, they were not included in the current analyses, as they apply only to expatriate mothers and do not support valid cross-group comparisons. This study was designed to examine maternal adjustment through psychological constructs measurable across both expatriate and non-expatriate groups. However, certain contextual variables—such as duration of residence abroad, language proficiency, and perceived partner support—have been identified in previous expatriation research as particularly relevant to adjustment processes. These variables were therefore collected specifically for the expatriate subsample, where they hold theoretical and practical significance. Given that they are not applicable to non-expatriate mothers, they were excluded from the present comparative analyses. A follow-up study, currently in preparation, will examine these variables within the expatriate group to better understand how such contextual factors shape maternal adjustment in the absence of broader social support networks.

Fifth, because the study centers on maternal adjustment, its focus is deliberately restricted to mothers’ subjective experiences, perceptions of sensitivity, and perceived social support. Future research could usefully adopt a dyadic or relational lens to examine how maternal and partner dynamics interact in shaping adjustment. Similarly, while self-report methods were appropriate given the internal and perceptual nature of the constructs assessed, observational or clinician-based assessments could complement these data in future research, enriching our understanding of behavioral dimensions of maternal well-being.

Finally, the use of online recruitment methods through social media and expatriate networks may have introduced selection bias by underrepresenting mothers who are less digitally connected or socially engaged. While these platforms enabled access to a demographically relevant and globally distributed sample, future studies may consider additional recruitment strategies to reach more structurally marginalized or isolated groups.



8 Conclusion

This study contributes to a more differentiated understanding of how SPS shapes maternal adjustment, particularly within the complex context of expatriation. Rather than functioning solely as a moderator, SPS appears to define distinct pathways through which mothers experience and respond to the transition to motherhood. The role of specific SPS subdimensions—especially Aesthetic Sensitivity (AES), Ease of Excitation (EOE), and Low Sensory Threshold (LST)—underscores the need to consider sensitivity as a multifaceted construct that mediates the interpretation of, and adaptation to, environmental and social conditions.

Expatriation, in turn, emerges not as a uniformly adverse or beneficial factor, but as a contextual amplifier that may either support or strain these sensitivity-based processes. These findings suggest that maternal adjustment is shaped by the dynamic interplay between environmental configuration and individual sensory-affective traits.

By moving beyond static models of vulnerability or resilience, this study opens new perspectives on how maternal well-being can be supported through the design of context-sensitive environments and interventions that acknowledge sensory diversity. Future work should continue to examine how different SPS profiles interact with emotional regulation strategies and environmental adaptation over time, to promote more responsive and inclusive support frameworks for mothers across cultural settings.
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Introduction: Asylum seekers are frequently exposed to severe pre- and postmigration stressors that place them at elevated risk for posttraumatic stress disorder (PTSD). While much is known about trauma exposure, less research has examined how individual differences in environmental sensitivity—defined as heightened responsiveness to contextual influences—shape mental health outcomes in this population. This study explores how postmigration living difficulties and intolerance of uncertainty relate to specific PTSD symptom clusters, and whether environmental sensitivity moderates these associations.
Methods: Participants were 157 male asylum seekers (Mage = 26.3 yrs, SD = 6.05) mostly originating from West Africa (89%) and hosted in second-line facilities in Northeastern Italy. Asylum seekers were individually interviewed by trained researchers using questionnaires on postmigration living difficulties, intolerance of uncertainty, environmental sensitivity, and posttraumatic stress symptoms.
Results: Commonly reported stressors were lack of work (83%), family separation (77%), fear of deportation (72%), and delays in asylum processing (69%). Overall, 41% of participants exceeded the clinical cutoff for PTSD. Bivariate analyses indicated that postmigration stressors and intolerance of uncertainty were both associated with greater negative cognitions/affect and hyperarousal; postmigration stressors were also related to increased intrusion. In regression models, environmental sensitivity moderated these effects: among individuals facing high postmigration stressors, those low in sensitivity reported fewer avoidance symptoms. Conversely, among individuals with high intolerance of uncertainty, those with average or high sensitivity reported more negative cognitions/affect than their less sensitive peers.
Discussion: Postmigration stressors and uncertainty contribute uniquely to PTSD symptomatology among asylum seekers, with environmental sensitivity shaping how these risk factors manifest. Environmental sensitivity-informed interventions (e.g., emotion regulation support for highly sensitive individuals) and policies aimed at reducing uncertainty and structural barriers could help buffer psychological distress in this vulnerable population.
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1 Introduction

Worldwide, there are currently 6.1 million people seeking asylum (i.e., individuals who fled their country and are seeking protection in another country but have not yet been legally recognized as refugees; UNHCR, 2023). Of these, roughly 1 million are resettled in countries of the European Union, with Italy having a prominent role in the reception of these migrants due to its geographical position. In addition to experiencing a host of pre-, peri, and posttraumatic events related to torture, war, and political violence in their countries of origin and/or during displacement (Silove et al., 2017), asylum seekers often find themselves living in a “limbo” for prolonged periods of time due to the uncertainty and uncontrollability of the international protection application process (Ceccon and Moscardino, 2022; Solberg et al., 2021). Moreover, they are frequently exposed to postmigration living difficulties (e.g., precarious living conditions, social isolation, insecurity regarding legal status) that may compromise their mental health and psychosocial functioning (Steel et al., 2009). Indeed, previous research indicates that asylum seekers have a higher prevalence of mental health problems in comparison to both the general population (Blackmore et al., 2020) and to refugees who were granted a formal stay permit or refugee status, with post-traumatic stress disorder (PTSD) being among the most frequently observed conditions in this population (Turrini et al., 2017).

In previous research, scholars have framed asylum seekers' psychological adjustment within a diathesis-stress/dual risk approach (Solberg et al., 2020; Steel et al., 2009), in which the vulnerability resulting from their precarious existential condition interacts with stressful events in the postmigration environment to explain mental health outcomes. However, not all individuals are equally susceptible to the effects of negative life circumstances. Here, we propose that one important factor explaining such variability is environmental sensitivity, a common trait defined as the ability to register, process, and respond to stimuli (Pluess, 2015). Several person-environment interaction models and related empirical findings suggest that highly sensitive individuals are more vulnerable to the negative impact of adverse circumstances, but that they also benefit more from positive experiences (i.e., differential susceptibility theory; Belsky and Pluess, 2009). However, the extent to which environmental sensitivity may moderate the effects of postmigration stressors on asylum seekers' PTSD symptomatology remains unclear, and little is known about the associations of these variables with the DSM 5-based four symptom clusters of PTSD (i.e., intrusion, avoidance, negative cognitions/affect, and hyperarousal; American Psychiatric Association, 2013).

The current study aimed to address this gap by investigating the contribution of postmigration living difficulties and intolerance of uncertainty to asylum seekers' PTSD symptom clusters, and to examine whether environmental sensitivity moderates these associations. Considering the at-risk living conditions of this underrepresented population, identifying for whom these conditions are more detrimental and in which specific domains of PTSD is paramount to provide tailored interventions and inform policies related to the management of the asylum process.


1.1 Postmigration living difficulties, intolerance of uncertainty, and PTSD

Upon arrival in the receiving country, asylum seekers often face a host of challenges that represent severe obstacles to the integration process. Common stressors include living conditions (e.g., precarious accommodation, unemployment, financial strain), experiences of discrimination, social isolation, acculturative stress, as well as family separation, the asylum process, and immigration policy (Li et al., 2016). Moreover, asylum seekers are more likely than the general population to have difficulties accessing adequate medical/healthcare services because of their legal status, lack of information, language barriers, and cultural differences (Satinsky et al., 2019).

While there is abundant evidence indicating that exposure to traumatic events in the country of origin is linked to higher prevalence of PTSD in refugee and asylum seeking populations, comparatively little research has focused on the effects of stressors experienced after resettlement (Hynie, 2018). A recent review found that poor social integration and a weak support system significantly contribute to increased posttraumatic stress among refugees and asylum seekers in Europe (Gleeson et al., 2020), but the impact of asylum seekers' postmigration stressors on different PTSD symptom clusters remains poorly understood. In a 2-year longitudinal study, Specker et al. (2024) found that postmigration stressors reported by a community sample of refugees resettled in Australia predicted increases in intrusion, avoidance, and negative cognitions/affect; moreover, such stressors were bidirectionally associated with hyperarousal symptoms. Thus, postmigration living difficulties play a crucial role in how displaced individuals adapt to their resettlement context and their precarious existential situation, potentially eroding their mental health in the long run.

A relevant individual factor that shapes asylum seekers' psychological adjustment after resettlement is their (in)ability to tolerate uncertain, unexpected or ambiguous situations. Intolerance of uncertainty can be defined as a tendency to experience fear and discomfort in the face of uncertain and unpredictable situations (Carleton, 2012). It is associated with intense negative emotional reactions to uncertain and ambiguous events regardless of their probability of occurrence, as well as to avoidant behavioral tendencies aiming to reduce anxiety (Osmanaǧaoǧlu et al., 2018). Given the temporary, transitional situation in which asylum seekers spend several months (or even years) awaiting a decision or resolution from the authorities as regards the outcome of their asylum application, the ability to manage the uncertainty and uncontrollability of this lengthy process likely plays a key role in their overall mental health (Ceccon and Moscardino, 2022; Nickerson et al., 2023).

Research with both clinical and community samples has shown that high levels of intolerance of uncertainty are linked to excessive worries and anxiety-related problems (Ceccon and Moscardino, 2024; Rosser, 2019), general psychopathology (Boswell et al., 2013), and PTSD symptom severity following trauma exposure (Badawi et al., 2022; Hollingsworth et al., 2018). Although intolerance of uncertainty may have a relevant impact on displaced individuals in light of the uncertain outcome of the refugee determination process, to our knowledge, only one study has investigated its association with PTSD among displaced populations. Specifically, Nickerson et al. (2023) found that functional impairments associated with intolerance of uncertainty were associated with subsequent increases in PTSD symptoms among displaced refugees living in Indonesia. However, the authors did not differentiate between the four PTSD symptom clusters. In a study of treatment-seeking veterans in the US, significant associations between intolerance of uncertainty and the PTSD symptom clusters of avoidance and hyperarousal were reported (Raines et al., 2019). Yet, the extent to which this pattern may generalize to asylum seekers and displaced people resettled in countries with different reception policies and migration patterns is still unknown. Thus, more research is warranted to better understand the role of intolerance of uncertainty in asylum seekers' posttraumatic stress to inform intervention approaches aimed at increasing coping abilities and minimizing mental distress among displaced populations living in transit.



1.2 The role of environmental sensitivity

Individuals' sensitivity to environmental influences has been defined as the “the ability to register, process, and respond to external factors” (Pluess, 2015, p. 138) and is crucial to adapt successfully to one's social and physical environment. Building on previous theoretical models of person-environment interactions and their role in adjustment quality (Aron et al., 2012; Belsky and Pluess, 2009; Boyce and Ellis, 2005), Pluess (2015) proposed a meta-framework integrating several theories of individual-environment interaction under the same umbrella and considers environmental sensitivity as an inherited trait responsible for individual differences in response to internal and external stimuli. This trait has been shown to increase vulnerability when people are faced with negative events, consistent with the diathesis-stress model where environmental sensitivity functions as a diathesis or predisposition factor that amplifies the impact of stress. At the same time, sensitive individuals may derive greater benefit from supportive environments, reflecting principles of vantage sensitivity and differential susceptibility (Pluess and Belsky, 2013). Therefore, people substantially differ in their levels of environmental sensitivity, with some being more affected by both negative and positive contextual conditions (Aron et al., 2012).

Meta-analytic evidence suggests that environmental sensitivity, as captured by the phenotypical trait of sensory processing sensitivity (Aron and Aron, 1997), positively correlates with common personality traits (i.e., neuroticism and openness) as well as with negative affect (i.e., depression, anxiety, stress) (Lionetti et al., 2019a), although it does not overlap with traditionally considered personality characteristics. Results from prior research also support the moderating role of environmental sensitivity in a variety of contexts. For instance, increased environmental sensitivity is linked to more adjustment problems among adults reporting poor nurturing environments and adverse childhood experiences (Booth et al., 2015; Liss et al., 2008), and highly sensitive adults are more affected by the exposure to negative media pictures (Rubaltelli et al., 2018). Conversely, individuals with high sensitivity benefit more from a positive family environment (Lionetti et al., 2019b), and highly sensitive employees are more responsive to positive working conditions to achieve their best performance and thrive in the workplace (Vieregge et al., 2023). In regards to the refugee context, Karam et al. (2019) found that the link between war exposure and PTSD was the strongest in highly sensitive Syrian children with lower levels of childhood adversities, and was less pronounced in sensitive children who experienced more childhood adversities. In a related study, a direct and positive association was found between environmental sensitivity and PTSD severity among Lebanese children with no direct exposure to war. Furthermore, for highly sensitive children, the link between childhood adversities and PTSD was stronger than for those with low and medium levels of this characteristic, supporting a diathesis-stress model (Karam et al., 2024).

In the context of asylum seekers, environmental sensitivity offers a distinct perspective on psychological vulnerability, complementing better-known constructs such as resilience or emotion regulation. Whereas the latter emphasize adaptive strategies or outcomes, environmental sensitivity reflects a more basic trait-level difference in how individuals register and react to environmental input (Pluess, 2015). This distinction is particularly relevant for asylum seekers, who often face unpredictable and overstimulating environments. Highly sensitive individuals may be more reactive to such conditions, placing them at greater risk for distress if support systems are lacking. Examining sensitivity as a moderator may thus help explain heterogeneity in PTSD symptom expression beyond group-level factors such as migration status or trauma exposure.



1.3 The present study

The overall goal of this cross-sectional study was to examine the role of postmigration stressors, intolerance of uncertainty, and environmental sensitivity in posttraumatic stress among young adults seeking asylum in Italy. Despite growing interest in risk and resilience factors among asylum seekers, environmental sensitivity has been largely overlooked, especially in studies involving adult populations resettled in high-income countries. By addressing this gap, the present study offers a novel contribution to the literature on individual variability in posttraumatic stress among forcibly displaced individuals.

The first aim was to assess the associations of postmigration living difficulties and intolerance of uncertainty to the four DSM 5-related PTSD symptom clusters. Based on prior research on asylum seekers' mental health and trauma exposure, we expected that higher levels of postmigration stressors and more intolerance of uncertainty would be significantly and positively related to the severity of the four PTSD symptom clusters. More specifically, it was anticipated that postmigration stressors would be associated with increased symptoms of intrusion, avoidance, and negative cognitions/affect (see Specker et al., 2024), and that intolerance of uncertainty would be associated with increased avoidance and hyperarousal (Raines et al., 2019).

The second aim was to examine whether environmental sensitivity moderated these associations, in line with the diathesis-stress model (Solberg et al., 2020). Accordingly, we hypothesized that individuals with higher levels of environmental sensitivity would show stronger associations between postmigration stressors and PTSD symptom severity, as well as between intolerance of uncertainty and PTSD symptoms, compared to those with lower sensitivity. Conversely, we expected low-sensitive individuals to show weaker or no associations between these risk factors and PTSD outcomes. Given the limited literature addressing cluster-specific effects, no a priori hypotheses were formulated for individual PTSD symptom clusters.




2 Method


2.1 Study context

The study was conducted in Italy, a country that plays a particularly relevant role in the European asylum context due to its geographic position as a principal entry point for migrants crossing the Mediterranean. In 2023, it was the first country of arrival for migrants in Europe through the Mediterranean sea. The country currently hosts around 160,000 refugees and asylum seekers (UNICEF, 2024), accounting for 12% of all first-time asylum applicants in the European Union (Eurostat, 2024). Most individuals seeking international protection originate from West Africa (e.g., Nigeria, Senegal, Gambia, Mali, Ivory Coast), to a lesser extent from Southern Asia (i.e., Pakistan and Bangladesh), and more recently from Ukraine; of these, 95% are male (European Union Agency for Asylum, 2023). Italy's asylum policy and reception system, known as “accoglienza diffusa,” promote decentralized hosting in smaller facilities throughout the country rather than large centralized camps. Hence, following their identification and submission of their request for asylum, these individuals are transferred to second-line reception facilities, which are, for the most part, emergency centers run by social cooperatives. Compared to other EU countries, Italy's system involves longer bureaucratic procedures, greater policy instability, and more variable reception conditions: at the time of data collection, the waiting time for the approval (or rejection) of the asylum application lasted an average of 3.5 years (European Commission for the Efficiency of Justice, 2018). Thus, asylum seekers experience a prolonged “limbo,” marked by great uncertainty about future developments of their legal situation and the inability to reclaim the social roles and identities previously held in the country of origin. Despite having a legal residence permit and participating in activities such as Italian language classes and professional training, during the asylum procedure these individuals still face several barriers in accessing services reserved for Italian citizens and in securing stable employment (Ceccon and Moscardino, 2022). For instance, employers often hesitate to hire individuals with pending legal status and may exploit their migrant condition by offering underpaid jobs without long-term security. Hence, throughout the whole procedure, asylum seekers need to rely heavily on reception facilities and staff, which may result in a failure to foster their autonomy and effective inclusion into the host society. Overall, these features underscore Italy's particular relevance for examining the mental health impact of postmigration stressors and systemic uncertainty.



2.2 Participants

Data collection was conducted over a period of approximately 3 years, from November 2016 to May 2019. Participants were recruited through informal contacts with social cooperatives managing second-line residential facilities in northeastern Italy. Inclusion criteria were (a) being 18 years or older, and (b) having a pending asylum application in Italy. We excluded individuals with a formal psychiatric diagnosis or who were currently receiving pharmacological treatment, as identified in consultation with social workers and mental health professionals affiliated with the facilities. Although the interview did not include highly sensitive clinical content, this exclusion aimed to safeguard asylum seekers in a clinically vulnerable state and to reduce potential confounding effects of ongoing psychiatric conditions on PTSD symptom reporting. Importantly, this criterion did not exclude participants experiencing psychological distress in the absence of a formal diagnosis.

A total of 191 young adult asylum seekers agreed to take part in the study and provided written informed consent. Of these, seven did not meet the inclusion criteria, two had obtained some form of international protection, 12 were unavailable after the introductory meeting, and 13 withdrew or canceled due to work or personal reasons. The final sample was composed of 157 asylum seekers. To ensure safety and comfort, participants were informed before the interview about the availability of mental health professionals (i.e., psychologists, psychotherapists, psychiatrists) affiliated with the social cooperatives or the local health districts, whom they could contact in case of need.

Participants' mean age was 26.3 years (SD = 6.05, range = 18–45). In line with national statistics concerning the asylum seeking population in Italy, the sample was composed of male participants mainly originating from West African countries (Nigeria, 41%; Ivory Coast, 13%; Mali, 11%; Gambia, 11%; Senegal, 7%; Ghana, 6%). All but one participant had arrived in Italy via the Mediterranean route departing from Libya, and most of the asylum seekers (89%) reported that their family members were still living in the country of origin. Participants had been residing in Italy for an average of 20 months (SD = 6, range = 2–44); 59% had submitted one asylum application, and the remaining had submitted two or more applications (i.e., appeal). Regarding education, 9% of participants had no education, 26% had completed primary school, 56% had completed secondary school, and 9% had a university degree. At the time of data collection, the majority was unemployed (86%), 14% were students, 13% were employed, and 9% were studying and working.



2.3 Procedure

Before data collection, the study protocol and procedures were approved by the Ethics Committee of the School of Psychology at the University of Padova. Written informed consent was collected from participants at the beginning of each interview. Researchers emphasized that participation was voluntary, that the study would not influence their asylum application and/or living conditions, and that no information concerning any individual would be shared with the authorities or the cooperatives' staff. Individual face-to-face interviews lasted between 70–140 min and comprised both questions from standardized questionnaires (as described below) and open-ended questions. Interviews were held at the participants' residential facilities in a quiet, separate room to ensure privacy. Interviews were conducted by trained multilingual researchers in Italian, English, or French, based on each participant's preference and the interviewers' fluency. The latter two languages were proposed in consideration of the geographical origin of most asylum seekers in this sample (i.e., anglophone or francophone African countries). Researchers participated in a 6-hour training session covering instrument familiarization, interviewing techniques, ethical considerations, and mentorship structure (i.e., less experienced interviewers were paired with more experienced colleagues during initial interviews to ensure consistency and quality control). This structured approach was designed to enhance the reliability and comparability of responses in a multilingual setting. Participants were also informed that linguistic-cultural mediators could be involved upon request to ensure accurate interpretation and culturally sensitive communication. Interviews were conducted in English (49%), Italian (29%), and French (22%). At the end of the session, asylum seekers were thanked for their participation and were offered some refreshments as well as a financial compensation (i.e., shopping voucher of €10).



2.4 Measures

All questionnaires included in the interview were selected based on their easiness of comprehension, prior use with refugee/immigrant populations, and brevity to minimize participants' fatigue. Unless otherwise noted, questionnaires were translated in the three respective languages (Italian, English, French) using standard translation-backtranslation methods; prior to verbal administration, they were checked by linguistic-cultural mediators for their cultural appropriateness and translation accuracy.


2.4.1 Demographic characteristics

Information was collected on participants' age, country of origin, religion, educational attainment, pre-and post-migration occupation, length of residence in Italy, Italian language proficiency, family status, residence of family of origin, and number of submitted asylum applications.



2.4.2 Exposure to potentially traumatic events

Participants' exposure to potential lifetime traumatic events was assessed using the DSM-5 Life Events Checklist (LEC-5; Weathers et al., 2013a). The scale includes 16 items concerning different types of events that can potentially lead to PTSD (e.g., natural disasters, accidents, physical/sexual assaults, war experiences, illnesses, injuries, or death experiences). In this study, we added three items reflecting the experience of forced migration among asylum seekers in Italy (i.e., “Separation from family,” “Forced to perpetrate violence against own family, community, nation,” “Imprisonment, detention in re-education/concentration camps and other kind of settings”). Items are rated on a scale ranging from 4 = happened to me, 3 = witnessed it, 2 = learned about it, 1 = not sure, to 0 = doesn't apply. The original version has an additional response option (“part of my job”) that was excluded in consideration of the target group. A total score was obtained by summing up the number of events reported by participants as “happened to me” in order to focus on the very strict definition of trauma exposure (see Nesterko et al., 2020). The LEC-5 is valid and reliable across cultures (Kwobah et al., 2022). In this study, internal consistency as indicated by Cronbach's alpha was 0.63.



2.4.3 Postmigration stressors

The Post-Migration Living Difficulties Checklist (Silove et al., 1997; Steel et al., 1999) assesses 25 living difficulties commonly reported by refugees and asylum-seekers in the resettlement context, such as communication difficulties, discrimination, and various socioeconomic challenges. We included an additional item reflecting a common experience among asylum seekers in Italy, “hostility/rejection from people in the neighborhood.” Participants rated each living difficulty on a 5-point scale (from 0 = no serious problem to 4 = very serious problem) referring to the time since their arrival in Italy. A mean score was calculated for the present study. The scale has been found to reliably predict mental health among refugees and asylum seekers (Nickerson et al., 2010; Steel et al., 2006). In this study, internal consistency of the questionnaire was α = 0.68.



2.4.4 Intolerance of uncertainty

Asylum seekers' ability to tolerate the uncertainty of ambiguous situations, cognitive and behavioral responses to uncertainty, perceived implications of uncertainty, and attempts to control the future were measured with the Intolerance of Uncertainty Scale – Short Form (Carleton et al., 2007). Participants were asked to express their level of agreement with 12 items (e.g., “I always want to know what the future has in store for me”; “When I am uncertain I can't function very well”), with response options ranging from 1 = not at all characteristic of me to 5 = entirely characteristic of me. The total score is calculated by averaging the scores of all items. The measure has been validated in various countries and with refugee populations, showing good psychometric properties (Nickerson et al., 2023). In the current study, Cronbach's Alpha was 0.76.



2.4.5 Environmental sensitivity

Participants' sensitivity to environmental stimuli was assessed via the Highly Sensitive Child scale (HSC; Pluess et al., 2018), a short and adapted child version of the Highly Sensitive Person (HSP; Aron and Aron, 1997) scale. The questionnaire comprises 12 items (e.g., “I notice when small things have changed in my environment”; “I get nervous when I have to do a lot in little time”) rated on a 7-point scale ranging from 1 (strongly disagree) to 7 (strongly agree). In this study, we used the child instead of the adult version due to its brevity and to facilitate asylum seekers' comprehension of items, which are linguistically (and conceptually) more complex in the HSP scale. Indeed, various items of the adult version, even when translated into participants' preferred languages, contained abstract and/or culturally specific formulations (e.g., “I find it unpleasant to have a lot going on at once”; “I am deeply moved by the arts or music”) that were problematic for this population, which included individuals with limited educational backgrounds. The mean score was obtained by averaging all item responses. Prior validation studies indicate that this tool captures the same theoretical construct as the adult version, but in fewer items and at an accessible reading level, and it has shown good psychometric properties in terms of validity and reliability across different countries (Pluess et al., 2018; Weyn et al., 2021). After elimination of the items 7, 9 and 11 due to their negative associations with the overall construct, Cronbach's α was 0.60.



2.4.6 Posttraumatic stress disorder

We used the PTSD Checklist based on the DSM-5 (PCL-5; Weathers et al., 2013a,b) to assess the presence and severity of PTSD-related symptomatology. The PCL-5 comprises 20 items covering the four symptom clusters of PTSD according to DSM-5: intrusion (5 items; e.g., “Have repeated, disturbing dreams of the stressful experience”), avoidance (2 items; e.g., “Avoid external reminders of the stressful experience”), negative cognitions/affect (7 items; e.g., “Feel distant or cut off from other people”), and hyperarousal (6 items; e.g., “Feel jumpy or easily startled”) in the past month. Response options range from 0 = not at all to 4 = extremely, and a total symptom severity score (range: 0–80) can be obtained by summing the scores for each of the 20 items. For the purpose of this study, we calculated a mean score of PTSD symptom severity for each cluster (Crombie et al., 2021). The PCL-5 is valid across multiple cultural and linguistic groups (Bockhop et al., 2022). In the current study, all symptom clusters demonstrated good internal consistency: intrusion, Cronbach's α = 0.80; avoidance, Cronbach's α = .91; negative cognitions/affect, Cronbach's α = 0.70; and hyperarousal, Cronbach's α = 0.68.





3 Analytic plan

All analyses were run in R, version 4.2.0 (R Core Team, 2023). After computing descriptive statistics, we verified that there were no missing data, as all responses were collected through face-to-face interviews administered by trained researchers who ensured completeness during data collection. We then conducted bivariate correlations among postmigration living difficulties, intolerance of uncertainty, environmental sensitivity, and the four PTSD cluster symptoms. Next, four linear regression models were estimated considering the four symptom clusters of PTSD as outcome variables. In these analyses, we controlled for participants' exposure to traumatic events on the basis of theoretical and empirical associations between this variable and posttraumatic symptoms (e.g., Bentley and Dolezal, 2019; Mundy et al., 2020). The distributions of the four PTSD cluster scores were not normal, but the value of skewness and kurtosis were acceptable (≥2 and < 2), and thus were considered acceptable to prove normal univariate distribution (George and Mallery, 2019).

As a first step, we tested main effects of postmigration stressors and intolerance of uncertainty on each of the PTSD symptom cluster severity scores controlling for participants' exposure to potentially traumatic events. To examine the moderating role of environmental sensitivity, all models included the main effects and two interaction terms: postmigration living difficulties × environmental sensitivity and intolerance of uncertainty × environmental sensitivity. We also controlled for participants' exposure to potentially traumatic events. These two-way interactions were specified a priori based on our diathesis-stress framework, which suggests that environmental sensitivity may modulate the psychological impact of adverse contextual factors. Our primary theoretical focus was to examine whether sensitivity moderated the effects of postmigration stressors and intolerance of uncertainty on PTSD symptom clusters. Other potential interactions (e.g., between postmigration stressors and intolerance of uncertainty) were not included, as they were outside the scope of our hypotheses and were not supported by preliminary theoretical or statistical considerations. Significant interaction effects were further examined in follow-up simple slope analyses using the interactions package (Long, 2019) in R. Multicollinearity was assessed by computing Variance Inflation Factors (VIFs) for all predictors in the main-effects models, all of which were below 5, indicating no multicollinearity concerns. For models including interaction terms, we used the Generalized VIF (GVIF) adjusted for degrees of freedom [GVIF∧(1/(2 × Df)], see Fox and Monette, 1992). These GVIF values also remained below 5, confirming acceptable levels of multicollinearity in the presence of interactions.



4 Results


4.1 Trauma exposure and postmigration stressors

Participants experienced an average of six lifetime potentially traumatic events; >95% of respondents reported experiencing imprisonment and detention in re-education/concentration camps. As can be seen in Table 1, the majority of respondents had experienced forced separation from family as well as physical assault and assault with a weapon. Furthermore, over half of the respondents reported having experienced captivity and severe human suffering.

TABLE 1  Exposure to potentially traumatic events (N = 157).


	Potentially traumatic event
	n
	%





	Imprisonment, detention in re-education/concentration camps and other kind of settings
	155
	98.7



	Forced separation from family
	143
	91.1



	Physical assault
	125
	79.6



	Assault with a weapon
	103
	65.6



	Captivity
	97
	61.8



	Severe human suffering
	85
	54.1



	Combat or exposure to a war-zone
	64
	40.8



	Transportation accident
	55
	35



	Life-threatening illness or injury
	47
	29.9



	Serious accident at work, home, or during recreational activity
	46
	29.3



	Fire or explosion
	30
	19.1



	Natural disaster
	29
	18.5



	Serious injury, harm, or death you caused to someone else
	17
	10.8



	Forced to perpetrate violence against own family, community, nation
	17
	10.8



	Exposure to toxic substance
	14
	8.9



	Sexual assault
	9
	5.7



	Sudden violent death
	6
	3.8



	Other unwanted or uncomfortable sexual experience
	5
	3.2



	Sudden accidental death
	3
	1.9





Postmigration stressors are reported in Table 2. The most frequently experienced stressor was being unable to find work. More than two thirds of the asylum seekers reported experiencing difficulties with separation from family, fear of being sent home, and worries about the family in the country of origin. More than half of the respondents had experienced delays in processing of their asylum application, loneliness/boredom, isolation, and communication difficulties. In addition, almost one quarter of the respondents reported experiencing hostility/rejection from people in the neighborhood.

TABLE 2  Postmigration living difficulties reported as moderately serious, serious, or very serious problem (N = 157).


	Postmigration living difficulty
	n
	(%)





	Being unable to find work
	131
	83.4



	Separation from family
	121
	77.1



	Fears of being sent home
	113
	72



	Delays in processing the asylum application
	108
	68.8



	Worries about family back home
	106
	67.5



	Loneliness and boredom
	104
	66.2



	Communication difficulties/language difficulties
	97
	61.8



	Isolation
	97
	61.8



	Unable to return home to family in an emergency
	95
	60.5



	No permission to work
	68
	43.3



	Discrimination
	62
	39.5



	Difficulty adjusting to the weather/climate
	59
	37.6



	Interviews by immigration
	39
	24.8



	Hostility/rejection from people in neighborhood
	39
	24.8



	Poverty (not having enough money for basic needs, food etc.)
	38
	24.2



	Little government help with welfare (unemployment benefits, financial help)
	27
	17.2



	Bad working conditions
	24
	15.3



	Conflict with immigration officials
	23
	14.6



	Worries for not getting treatment for health problems
	17
	10.8



	Poor access to traditional foods
	13
	8.3



	Being unable to practice own religion
	13
	8.3



	Poor access to long-term medical care
	11
	7



	Poor access to emergency medical care
	9
	5.7



	Little help with welfare from charities (social services, red cross)
	8
	5.1



	Poor access to dental care
	6
	3.8



	Poor access to counseling services
	3
	1.9







4.2 Descriptive and preliminary analyses

The mean sample score on the PCL-5 measure was 31.33 (range 0–80). This indicates relatively severe posttraumatic symptomatology, given that a score of 31 to 33 on the PCL-5 measure has been identified as the best cut-off for a likely diagnosis of PTSD (Bovin et al., 2016; Weathers et al., 2013a,b). Statistics and correlations among the variables are shown in Table 3.

TABLE 3  Descriptive statistics and bivariate correlations among study variables (N = 157).


	Variable
	Mean (SD)
	Range
	1
	2
	3
	4
	5
	6
	7
	8





	1. Potentially traumatic events
	6.80 (2.70)
	1–14
	
	0.21**
	0.03
	−0.06
	0.39***
	0.03
	0.43***
	0.37***



	2. Postmigration living difficulties
	1.30 (0.41)
	0.35–2.68
	
	
	0.17*
	0.01
	0.17*
	−0.07
	0.23**
	0.36***



	3. Intolerance of uncertainty
	3.02 (0.61)
	1.75–4.67
	
	
	
	0.18*
	0.03
	−0.11
	0.22**
	0.16*



	4. Environmental sensitivity
	4.17 (0.84)
	2.33–6.89
	
	
	
	
	0.02
	0.11
	0.09
	0.10



	5. PTSD – Intrusion
	10.04 (5.19)
	0–20
	
	
	
	
	
	0.04
	0.47***
	0.53***



	6. PTSD – Avoidance
	4.73 (2.61)
	0–8
	
	
	
	
	
	
	0.18*
	−0.02



	7. PTSD – Negative cognitions/affect
	9.64 (5.43)
	0–23
	
	
	
	
	
	
	
	0.57***



	8. PTSD – Hyperarousal
	6.92 (4.71)
	0–20
	
	
	
	
	
	
	
	




*p < 0.05; **p < 0.01; ***p < 0.001.



Potentially traumatic events were significantly and positively related to postmigration living difficulties as well as to the PCL-5 intrusion, negative cognitions/affect, and hyperarousal cluster symptoms. Postmigration living difficulties were positively associated with intrusion, negative cognitions/affect, and hyperarousal. Intolerance of uncertainty was significantly and positively related to negative cognitions/affect and hyperarousal. Finally, sensitivity to environmental influences was not associated with any of the four PTSD symptom clusters.



4.3 Multivariate regression models

To study the moderating role of environmental sensitivity we estimated four linear regression models, one for each PTSD symptom cluster (i.e., intrusion, avoidance, negative cognitions/affect, hyperarousal). Specifically, we tested the first-order effects of postmigration stressors, environmental sensitivity, and intolerance of uncertainty controlling for participants' exposure to potentially traumatic events, together with the two-way interactions among postmigration living difficulties and environmental sensitivity, and intolerance of uncertainty and environmental sensitivity.

As shown in Table 4, we found a significant two-way interaction between postmigration living difficulties and environmental sensitivity for the avoidance symptom cluster (b = 1.46, SE = 0.65, CI = [0.12; 2.70], p = 0.026), and a significant two-way interaction between intolerance of uncertainty and environmental sensitivity for the negative cognitions/affect symptom cluster (b = 1.59, SE = 0.77, CI = [0.04; 3.11], p = 0.042). R squared, as a measure of effect size, ranged from 0.04 (small effect on avoidance), to 0.14 (medium effect on intrusion), to 0.22 and 0.23 (medium-to-large effect size for hyperarousal and negative cognitions/affect, respectively).

TABLE 4  Multiple regression predicting PTSD symptom cluster severity scores in asylum seekers (N = 157).


	Predictor
	Intrusion
	Avoidance
	Negative Cognitions/Affect
	Hyperarousal



	b(se)
	95% CI
	b(se)
	95% CI
	b(se)
	95% CI
	b(se)
	95% CI





	Intercept
	2.78 (2.82)
	[−2.74; 8.30]
	4.73 (1.52)**
	[1.75; 7.71]*
	−4.67 (2.81)
	[−10.17; 0.83]
	−5.29 (2.43)*
	[−10.05; −0.54]



	Exposure to potentially traumatic events
	0.72 (0.15)***
	[0.43; 1.00]
	0.05 (0.08)
	[−0.10; 0.20]
	0.81 (0.15)***
	[0.52; 1.09]
	0.56 (0.13)***
	[0.31; 0.80]*



	Postmigration
 living difficulties
	1.13 (0.96)
	[−0.75; 3.02]
	−0.38 (0.52)
	[−1.40; 0.64]
	1.49 (0.96)
	[−0.40; 3.37]
	3.21 (0.83)***
	[1.58; 4.84]



	Environmental sensitivity
	0.23 (0.47)
	[−0.69; 1.15]
	0.44 (0.25)
	[−0.06; 0.93]
	0.55 (0.47)
	[−0.37; 1.46]
	0.56 (0.40)
	[−0.23; 1.35]



	Intolerance of uncertainty
	−0.02 (0.65)
	[−1.30; 1.26]
	−0.55 (0.35)
	[−1.24; 0.14]
	1.52 (0.65)*
	[0.25; 2.79]
	0.64 (0.56)
	[−0.46; 1.74]



	Postmigration
 living difficulties X
 Environmental sensitivity
	1.44 (1.23)
	[−0.99; 3.87]
	1.46 (0.65)*
	[0.17; 2.75]
	0.58 (1.21)
	[−1.82; 2.98]
	1.26 (1.06)
	[−0.83; 3.36]



	Intolerance of uncertainty X Environmental sensitivity
	0.70 (0.78)
	[−0.84; 2.24]
	0.68 (0.41)
	[−0.14; 1.50]
	1.59 (0.77)*
	[0.06; 3.11]
	0.25 (0.67)
	[−1.08; 1.58]



	Adjusted R2
	0.14
	
	0.04
	
	0.23
	
	0.22
	




The coefficients provided reflect the main effects prior to the inclusion of the interaction terms; ***p < 0.001; **p < 0.01; *p < 0.05; CI, Confidence Interval.



We conducted a simple slope analysis (Bauer and Curran, 2005) to explore significant interactions (see Figures 1, 2). Regarding avoidance, post-hoc simple slopes analysis revealed a statistically significant slope for postmigration living difficulties at lower levels (−1 SD) of environmental sensitivity (b = −1.61, SE = 0.76, p = 0.034), but not at medium (b = −0.39, SE = 0.51, p = 0.44) or higher levels of this variable (b = 0.83, SE = 0.74, p = 0.26). Specifically, low sensitive individuals with high levels of postmigration stressors reported less avoidance symptoms than those with average or high levels of environmental sensitivity. To further probe the interaction effect and to identify the threshold of significance for the slope of post migration living difficulties, we performed the Johnson-Neyman test, which indicated that the negative slope of post migration living difficulties was significant when environmental sensitivity values were within the [2.33; 3.54] interval. For negative cognitions/affect, simple slope analysis indicated a statistically significant slope for intolerance of uncertainty at average (b = 1.75, SE = 0.65, p = 0.008) and higher (+1 SD) levels of environmental sensitivity (b = 3.08, SE = 0.99, p = 0.002), but not at lower levels of this variable (−1 SD, p = 0.62). Hence, participants with average to high levels of environmental sensitivity reported more symptoms of negative cognitions/affect when their intolerance of uncertainty was high. This interaction effect was further explored using a Johnson-Neyman test, which indicated that the positive slope of intolerance to uncertainty was significant when environmental sensitivity values were within the [3.89; 6.89] interval.


[image: Scatter plot illustrating the relationship between intolerance of uncertainty and negative cognition/affect symptom cluster. Three lines represent environmental sensitivity levels: mean, plus one standard deviation, and minus one standard deviation. Data points show variation around the lines, with shaded areas indicating confidence intervals.]
FIGURE 1
 Moderating effect of environmental sensitivity on the association between intolerance of uncertainty and the negative cognitions/affect symptom cluster.



[image: Scatter plot depicting the relationship between Postmigration Living Difficulties and Avoidance Symptom Cluster. A regression line with shaded confidence intervals shows Environmental Sensitivity at different standard deviations.]
FIGURE 2
 Moderating effect of environmental sensitivity on the association between postmigration living difficulties and the avoidance symptom cluster.





5 Discussion

Asylum seekers are a vulnerable population at increased risk of developing PTSD due to the challenging life circumstances they experience before, during, and after fleeing from their home country. However, little is known about how exposure to stressors in the receiving society and individual characteristics may differentially contribute to the four DSM-5 PTSD symptom clusters, and whether a personality trait such as sensitivity to environmental influences can influence these relations. The current study aimed to fill this gap by investigating the association of postmigration living difficulties and intolerance of uncertainty to the intrusion, avoidance, negative cognitions/affect, and hyperarousal cluster symptoms, postulating moderation by environmental sensitivity.

At the bivariate level, results indicated that postmigration stressors were positively related to three of the four symptom clusters (i.e., intrusion, negative cognitions/affect, and hyperarousal), whereas intolerance of uncertainty was positively associated with negative cognitions/affect and hyperarousal. In moderation analysis, low environmental sensitivity reduced the negative impact of postmigration living difficulties on avoidance, whereas average and high environmental sensitivity exacerbated the effect of intolerance of uncertainty on negative cognitions/affect.

As regards our first aim, the positive associations between postmigration stressors and intrusion and negative cognitions/affect are consistent with prior research suggesting that contextual conditions in the receiving country (e.g., economic hardship, insecure legal status) may be detrimental for asylum seekers' mental health, especially in relation to the development of PTSD symptoms (Gleeson et al., 2020; Li et al., 2016; Nowak et al., 2023). Our findings also align with Specker et al. (2024), who found that postmigration stressors were linked to increases in intrusion and negative cognitions/affect among refugees, suggesting that these clusters are particularly sensitive to chronic environmental stress. This pattern can be explained in light of asylum seekers' elevated exposure to post-migration stressors, which could affect their ability to use effective emotion regulation strategies and therefore result in a more diffuse and persistent negative emotional state, as well as an increased vulnerability to experiencing intrusive and upsetting memories of previous traumatic events (Gross, 2015; Specker et al., 2024). Moreover, we found a significant correlation between postmigration stressors and hyperarousal, in line with a recent study investigating differential associations of such stressful events with PTSD symptom clusters (see Specker et al., 2024). The cumulative burden of post-migration living difficulties, weighing on an existing situation of pre- and peri-migration distress, might amplify the individual's reactivity to these stressors, thereby worsening hyperarousal symptoms like hypervigilance, concentration and sleep troubles, and increased startle response. Unlike prior findings, avoidance was not linked to asylum seekers' experience of postmigration stressors. Several explanations may account for this result. First, the temporal distance from trauma exposure and the average length of stay in Italy (~20 months) may have led to the attenuation or normalization of avoidance behaviors over time, such that individuals no longer identified these behaviors as symptoms and thus underreported them (Specker et al., 2024). This interpretation is consistent with research by O'Donnell et al. (2007), who found that symptoms are more prominent in the acute phase following trauma exposure and tend to diminish in relevance during chronic stages of PTSD unless reactivated by new or acute stressors. Second, the chronic and cumulative nature of postmigration stressors—such as legal uncertainty and marginalization—may not elicit the same avoidance patterns as more acute or discrete traumatic events, which have been more typically associated with avoidance responses (Bryant et al., 2018). Third, it is possible that avoidance symptoms become more prominent only when stress levels surpass a certain threshold. In contexts marked by prolonged but moderate stress, such as protracted asylum procedures, avoidance may remain less salient than symptoms like hyperarousal or negative affect. While our study did not test for non-linear associations, future research could explore threshold or curvilinear models (e.g., piecewise regressions) to examine whether avoidance becomes more predictive of distress only under conditions of extreme adversity (Alpert et al., 2021).

With respect to intolerance of uncertainty, consistent with our hypothesis, a significant association between this variable and the hyperarousal PTSD symptom cluster emerged. A possible explanation is that individuals with higher levels of intolerance of uncertainty experience increased arousal and reactive symptoms triggered by the fear and anxiety linked to uncertain post-migration conditions. Contrary to our expectations and previous findings (Oglesby et al., 2017; Raines et al., 2019), intolerance of uncertainty was unrelated to avoidance symptoms, while it significantly correlated with negative affect/cognitions. One possible explanation is that the chronic stress and ongoing insecurity typical of the asylum-seeking experience may elicit sustained emotional distress and hypervigilance, rather than behavioral avoidance (Hinton and Lewis-Fernández, 2011). Moreover, the samples used in prior studies—such as U.S. veterans and treatment-seeking community adults—differed substantially from ours in terms of sociodemographic characteristics (e.g., age, nationality) and trauma histories (e.g., combat-related trauma vs. imprisonment or forced displacement), which may account for differences in the pattern of associations with PTSD symptom clusters. Our sample consisted primarily of young adult West African men, and both cultural and contextual factors may have influenced the expression and reporting of PTSD symptoms. In many West African contexts, psychological distress is often communicated through somatic or behavioral manifestations rather than internal cognitive processes such as avoidance (Ventevogel et al., 2013). This may have contributed to the weaker observed association between intolerance of uncertainty and avoidance. Finally, systemic factors may also play a role. Studies from countries with more supportive asylum policies, such as Canada, have shown lower levels of postmigration distress (Rousseau, 2018), suggesting that both cultural norms and reception conditions jointly shape how distress is experienced and expressed in asylum-seeking populations.

In relation to our second aim, the findings revealed a moderating effect of environmental sensitivity in the association between postmigration stressors and avoidance. Specifically, individuals with low levels of environmental sensitivity experienced less avoidance symptoms in the presence of high levels of stressors compared to their average and highly sensitive counterparts. Hence, low sensitive asylum seekers might be significantly less impacted (as compared to average and high sensitive ones) by the frequency and severity of post-migration stressors, especially at the behavioral level (i.e., active avoidance of people, places, and thoughts that trigger memories of the traumatic event). This finding can be interpreted in light of the psychobiology of PTSD, particularly as regards the construct of anxiety sensitivity (i.e., a type of sensitivity that amplifies the perception of threat in various situations; Reiss and McNally, 1985). Individuals with high anxiety sensitivity tend to avoid places, people, or situations that could remind them of a traumatic event, which is a common symptom in PTSD. Following the same pattern, it is possible that people with low levels of environmental sensitivity are less prone to report avoidance symptoms due to the higher threshold needed to activate a physiological threat response. We also found that environmental sensitivity was a risk factor for increased negative cognitions/affect among average and high (vs. low) sensitive asylum seekers with high levels of uncertainty intolerance. This pattern may be understood in light of previous research showing that, whilst people with higher levels of environmental sensitivity do not necessarily experience more negative emotional states, they are indeed more susceptible to the quality of their environment. For instance, highly sensitive individuals are at heightened risk of developing internalizing problems and engaging in rumination in less supportive contexts (Lionetti et al., 2022; Yano and Oishi, 2024). Although further replication is needed to confirm these results, our study lends support to the diathesis-stress model, which considers environmental sensitivity a vulnerability when people are faced with negative events and unfavorable environments, such as a stressful post-migration living situation. Given that previous research has highlighted the increased efficacy of psychological interventions among highly sensitive, immigrant-origin youth (see Ceccon et al., 2023), the current study also paves the way for further studies investigating whether young adult asylum seekers benefit from more supportive experiences to test the vantage sensitivity hypothesis.



6 Limitations and future directions

Overall, the current study provides novel insights into how postmigration stressors and intolerance of uncertainty are differentially associated with the four PTSD symptom clusters, highlighting the moderating role of environmental sensitivity in some of these associations. However, several limitations should be considered when interpreting the results. First, the sample was composed exclusively of young adult males, reflecting the gender imbalance among asylum seekers in Italy, and primarily included individuals from West African countries. This limits the generalizability of findings across gender and cultural groups. Future research should aim for more diverse and balanced samples, including female asylum seekers and individuals from a wider range of geographic and cultural backgrounds, to explore potential gender-specific vulnerability profiles and cultural variation in how postmigration stressors and environmental sensitivity relate to PTSD symptomatology. Including non-asylum-seeking immigrants as a comparison group would also help clarify population-specific effects and improve generalizability. Second, participants were recruited through convenience sampling based on referrals from social workers at reception centers. Although this approach was necessary for feasibility reasons, it may have introduced selection bias, as individuals more connected to services might differ from less engaged peers in several ways (e.g., distress levels, access to support). Random or community-based sampling strategies are encouraged in future research to improve generalizability. Relatedly, several asylum seekers reported symptom levels above the PCL-5 clinical cutoff despite lacking a formal diagnosis or engagement with mental health services. Such cases are relatively common in reception centers in Italy, where individuals with undiagnosed or subclinical distress are frequently encountered. Whilst the inclusion of these participants may have introduced greater variability in distress levels than originally intended, it enhances the ecological validity of the study by reflecting the psychological heterogeneity typically observed in reception centers hosting asylum seekers. Third, although data collection spanned three years, participants were recruited cross-sectionally at different time points due to recruitment constraints. As a result, we were unable to examine changes in stress levels or symptom severity over time. This limits causal inference, as the directionality of effects among study variables cannot be established. Longitudinal research is needed to clarify temporal dynamics and capture within-person changes as asylum procedures unfold. Fourth, to preserve statistical power given our sample size, we included only trauma exposure as a covariate in the regression models. While other factors (e.g., social support or acculturative stress) might be relevant, adding them would have increased model complexity beyond what the data could support. Future studies with larger samples should incorporate such variables to better reflect the multifaceted nature of asylum seekers' adjustment. Fifth, reliance on researcher-administered surveys may have influenced participants' responses due to social desirability or cultural norms. Despite training, the use of multilingual researchers, and confidentiality procedures, cultural and linguistic biases cannot be fully excluded. Moreover, although we used standardized translation protocols, nuances may have been lost in translation. Sixth, the internal consistency of the environmental sensitivity scale (HSC) was lower than expected. This may reflect linguistic challenges, situational factors, or cultural differences in how environmental sensitivity is conceptualized and expressed. We used the child version due to its greater accessibility in this population and its conceptual overlap with the adult measure (Pluess et al., 2018), but subsequent work should consider culturally adapted versions or alternative instruments validated in diverse contexts. Complementary mixed methods (e.g., observations, focus groups, key informant interviews) could also help triangulate findings and improve construct validity. Finally, while this study focused on risk factors, future research could examine positive influences (e.g., social support, resilience) to test vantage sensitivity models and offer a more comprehensive understanding of adaptation among asylum seekers.

Despite these limitations, our study offers important contributions to the literature on asylum seekers by highlighting environmental sensitivity as a key individual difference shaping these underrepresented individuals' psychological responses to postmigration stressors and intolerance of uncertainty, two defining features of their existential condition.



7 Implications

From an applied perspective, the findings confirm that material and interpersonal stressors experienced in the post-settlement situation, in addition to pre-migration traumatic events, can negatively affect asylum seekers' psychosocial adjustment, as evidenced also by prior research (Gleeson et al., 2020). Of note, some of the stressors most frequently experienced in our sample (i.e., being unable to find a job, family separation and concerns, loneliness) were found to have strong and consistent associations with unfavorable mental health outcomes in a recent systematic review conducted in the European context (Nowak et al., 2023). Given that factors such as access to the labor market and family reunification are subject to immigration and reception policies, it is paramount for local institutions to reduce barriers and inequalities that impede the effective inclusion of these individuals into the host society. Furthermore, the fact that more than half of the participants described the delays in their asylum application as highly stressful calls for the need to strengthen mental health support among asylum seekers, who have been found to show a greater prevalence of mental health issues compared not only to the general population, but also to the refugee population (i.e., individuals who were granted refugee status; Turrini et al., 2017).

In terms of clinical implications, while PTSD treatment in emergency settings has often focused on avoidance symptoms, the relation between post-migration factors and negative cognitions/affect, intrusion, and hyperarousal (but not avoidance) found in our study suggests that tailored interventions to reduce these cluster symptoms might be more relevant and effective for this specific population, i.e., asylum seekers who have spent a medium to long period of time in the resettlement country (see Specker et al., 2024). The fact that our models accounted for a meaningful proportion of variance in these symptom clusters underscores the practical relevance of addressing these issues in clinical and preventive contexts. Moreover, the detrimental role of intolerance of uncertainty in both negative cognitions/affect and hyperarousal supports the idea that the (in)ability to deal with uncertain situations is essential in the wellbeing of immigrant youth seeking international protection, whose condition is intrinsically characterized by uncertainty surrounding their legal status (Ceccon and Moscardino, 2024). Hence, the implementation of intervention programs aiming to boost asylum seekers' coping strategies in the face of uncertainty might protect them from the adverse effects of excessive worry (see Wahlund et al., 2020). Such interventions could be particularly beneficial for highly sensitive individuals who, according to our findings, are more prone to experience intense negative emotions and cognitions, but have also been shown to respond more positively to psychosocial and preventive programs targeting internalizing symptoms and emotion regulation strategies (Kibe et al., 2020; Pluess and Boniwell, 2015). Building on the principle of vantage sensitivity, our findings support the development of tailored interventions that could enhance support for asylum seekers based on their sensitivity levels. Highly sensitive individuals, given their heightened reactivity, may benefit most from emotion regulation training, supportive counseling, and efforts to reduce uncertainty through clear communication and structured routines. In contrast, less sensitive individuals might respond well to psychoeducation and resilience-focused workshops.



8 Conclusion

This study suggests that postmigration stressors and intolerance of uncertainty affect PTSD symptom clusters in distinct ways, depending on asylum seekers' level of environmental sensitivity. Specifically, while low sensitive individuals exhibited fewer avoidance symptoms in the face of stress, high sensitivity amplified the negative impact of uncertainty on affective and cognitive symptoms. These results underscore the need to address modifiable postmigration stressors, such as prolonged waiting times and restricted work permissions. Possible policy and practice recommendations include streamlining asylum application procedures, providing clear and consistent information about legal status and rights, and integrating basic psychological screening into routine health or intake assessments to identify individuals at greater risk. Reception facilities could also implement low-cost, sensitivity-informed supports (e.g., structured routines, designated quiet spaces, or peer-led groups) that help buffer stress among highly sensitive individuals. In line with the peak-end rule (Kahneman et al., 1993), which suggests that people's retrospective evaluations of stressful experiences are shaped by their most intense and final moments, reducing peak adversity (e.g., detention or extreme uncertainty) and improving the resolution phase (e.g., faster, more transparent asylum decisions) may help lessen lasting psychological distress. Taken together, the findings highlight the potential of scalable, targeted strategies to improve mental health outcomes and reduce the systemic burden of prolonged uncertainty on both individuals and reception systems.
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og pa oha onnectio
B B p B B P B B p B B o)
1 Constant 65.323 2.183 <0.001* 14.883 1.011 <0.001* 27.285 0.955 <0.001* 23.155 0.790 <0.001*
AES 2.986 0.438 0373 <0.001* 1207 0.203 0.331 <0.001* 1.203 0.191 0.347 <0.001* 0.577 0.158 0.210 <0.001*
2 Constant 69.678 2.764 <0.001* 18.102 1.257 <0.001* 27.763 1221 <0.001* 23.813 1.009 <0.001*
AES 3742 0.526 0.467 <0.001* 1.765 0239 0.484 <0.001* 1.285 0233 0.371 <0.001* 0.691 0.192 0251 <0.001*
OE —2.256 0.891 —0.166 0.012* —1.668 0.405 —0.270 <0.001* —0.247 0.394 —0.042 0.53 —0.341 0.325 —0.073 0.295
3 Constant 61.961 3.319 <0.001* 12.996 1.524 <0.001* 26204 1.566 <0.001* 22.761 1.325 <0.001*
AES 2758 0.533 0.344 <0.001* 0.926 0.245 0.254 <0.001* 1.285 0.251 0.371 <0.001* 0.547 0213 0.199 0.011*
OE —0.177 0.839 —0.013 0.834 —0.518 0.386 —0.084 0.180 0.290 0.396 0.049 0.464 0.052 0.335 0.011 0.878
EOE 0.905 0.421 0.133 0.033* 0.695 0.194 0.225 <0.001* 0.049 0.199 0.017 0.806 0.161 0.168 0.069 0.340
LST 0.392 0.390 0.065 0.315 0.434 0.179 0.159 0.016* —0.124 0.184 —0.048 0.501 0.082 0.156 0.040 0.599
Gender 6.237 1.053 0.298 <0.001* 2.398 0.484 0.252 <0.001* 2.601 0.497 0.288 <0.001* 1.238 0.421 0.172 <0.004*
Age —0.169 0.030 —0.285 <0.001* —0.052 0.014 —0.193 <0.001* —0.061 —0.014 —0.238 <0.001* —0.056 0.012 —0.274 <0.001*
Education 0.425 0.254 0.082 0.095 0.133 0.117 0.056 0.253 0.130 0.120 0.058 2.77 0.161 0.101 0.090 0.114

R2 = 0.139 for step 1, p < 0.001% A R = 0.019 for step 2, p = 0.012% A R = 0.241 for step 3, p < 0.001* for empathy.

.10 for step 1, p < 0.001% A R? = 0050 for step 2, p < 0.001% A R? = 0.229 for step 3, p < 0.001° for affective empathy.

121 for step 1, p < 0.001%; A R? = 0.001 for step 2, p = 0.530; A R? = 0.164 for step 3, p < 0.001* for cognitive empathy.

.04 for step 1, p < 0.001%; A R2 = 0.004 for step 2, p = 0.295; A R = 0.139 for step 3, p < 0.001* for emotional disconnection.

pfdr: False-discovery rate (FDR) corrected p-values across three tests for AES with affective empathy, cognitive empathy and emotional disconnection. p < 0.05 is indicated in bold and with an asterisk*.






OPS/images/fpsyg-15-1465407/fpsyg-15-1465407-t004.jpg
Variable Empathy Affective empathy Cognitive empathy Emotional disconnection

SEB B SEB B SEB B B SEB B P
1 Constant 63.52 2.09 <0.001* 11.94 0.91 <0.001* 28.7 0.962 <0.001* 22.89 0.77 <0.001*
SPS 3.635 045 0.428 <0.001* 1.963 02 0.507 <0.001* 0.989 0.209 0.269 <0.001* 0.684 0.17 0.234 <0.001*
2 Constant 63.61 3 <0.001* 14.11 129 <0.001* 26.81 1.376 <0.001* 22.69 0.11 <0.001*
SPS 3.64 0.47 0.428 <0.001* 2.074 0.2 0.536 <0.001* 0.893 0214 0.243 <0.001* 0.674 0.17 0.231 <0.001*
OE —0.031 0.74 —0.002 0.967 —0.752 0.32 —0.12 0.019* 0.652 0.341 0.111 0.057 0.07 028 0.015 0.8
3 Constant 61.73 323 <0.001* 12.88 1.46 <0.001* 26.16 1.545 <0.001* 22.69 127 <0.001*
SPS 3.299 042 0.388 <0.001* 1.926 0.19 0.498 <0.001* 0.735 0.203 02 <0.001* 0.637 0.17 0218 <0.001*
OE 1.365 0.69 0.101 0.05 —0.248 0.31 —0.04 0.431 1.247 0.332 0.213 <0.001* 0.365 0.27 0.078 0.183
Gender 6.002 1.06 0.287 <0.001* 2.368 0.48 0.249 <0.001* 244 0.505 0.27 <0.001* 1.194 042 0.166 0.004*
Age —0.173 0.03 —0.291 <0.001* —0.052 0.01 —0.19 <0.001* —0.064 0.014 —0.25 <0.001* —0.056 0.01 —0.28 <0.001*
Education 0.284 0.25 0.055 0.26 0.112 0.11 0.047 0.328 0.039 0.12 0.018 0.743 0.133 0.1 0.075 0.181

R? = 0.183 for step 1, p < 0.001%; A R? = 0.000 for step 2, p = 0.967; A R? = 0.194 for step 3, p < 0.001* for empathy.

.258 for step 1, p < 0.001*% A R? = 0.014 for step 2, p = 0.019*; A R = 0.113 for step 3, p < 0.001* for affective empathy.

.072 for step 1, p < 0.001% A R? = 0.012 for step 2, p = 0.057; A R? = 0.155 for step 3, p < 0.001* for cognitive empathy.

.05 for step 1, p < 0.001*; A R? = 0.000 for step 2, p = 0.800; A R* = 0.124 for step 3, p < 0.001* for emotional disconnection.

pfdr: False-discovery rate (FDR) corrected p-values across three tests for SPS with affective empathy, cognitive empathy and emotional disconnection. p < 0.05 is indicated in bold and with an asterisk*.
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Variable Creative ideas Creative activities

Std error B B Std error B B

1 Constant 1.381 0.162 <0.001* 1.447 1183 0222
AES 0305 0.032 0.484 <0.001* 1.230 0237 0292 <0.001*

2 Constant 0.178 0.173 0.303 —6.525 1312 <0.001*
AES 0.096 0.033 0.153 0.004* —0.153 0250 —0.036 0541
OE 0.623 0.056 0585 <0.001* 4.130 0.423 0.580 <0.001*

3 Constant 0584 0233 0.013* —5.465 1.828 <0.003*
AES 0.062 0.037 0.099 0.097 0.206 0293 0.049 0484
OE 0.662 0.059 0.621 <0.001* 3713 0.462 0.521 <0.001*
EOE 0.043 0.030 0.081 0.144 —0.600 0232 —0.168 0.010°
LST 0.024 0.027 0.050 0.387 0.150 0215 0.047 0487
Gender —0.198 0.074 —0.120 0.008* 0.336 0.580 0.031 0.564
Age —0.010 0.002 0212 <0.001* —0.018 0.016 —0.057 0278
Education —0.016 0.018 —0.038 0.383 0223 0.140 0.082 0.111

R? =0.235 for step 1; A R? = 0.232 for step 2; A R? = 0.052 for step 3 (all ps < 0.001*) for creative ideas.

R? = 0.085 for step 1, p= <0.001*; A R? = 0.228 for step 2, p < 0.001*; A R? = 0.027 for step 3, p = 0.048* for creative activities.
False-discovery rate (FDR) corrected p-values across two tests for AES with creative ideas and creative activities. p < 0.05 is indicated in bold and with an asterisk*.
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Positive emotionality Negative emotionality

No growth Linear Quadratic’ No growth Linear Quadratic*
o (df) 106.655 (6) 84335(3) 3.301(2) 108.630 (6) 28932(3) 2128(2)
CFI 053 062 0.99 058 0.89 099
RMSEA 017 022 0.03 018 012 001
BIC 2658072 2654.837 2580.164 3158.231 3097.617 3077174

*Variance and covariances of the quadratic slope were constrained to zero due to model identification requirements. Preferred models, indicating the best it to the data, are highlighted in bold
font.





OPS/images/fpsyg-15-1443054/fpsyg-15-1443054-t003.jpg
Positive emotionality Negative
emotionality

B N3 P B N3 P
Intercept 306 003 <0001 282 004 <0001
Linearslope = —057 006 <0001 055 007 | <0.001
Quadratic 030 003 | <0001 | —020 004 | <0001

slope
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Model M1 (fully Model M2 (means Model M3 (means Model M4 (Means,
constrained) allowed to vary and variances variances, and

across groups) allowed to vary residuals allowed to
across groups) vary across groups)

Positive emotionality

Parameters 7 13 19 2
2L 1953.678 1943836 1935654 1933.904
BIC 1996.489 2023.342 2051.856 2062.338
A parameters 6 6 2
A2LL 984 818 175
p-value 013 023 042
Negative emotionality

Parameters 7 13 19 2
2L 228592 2220918 217.022 221560
BIC 2328732 2300.425 2333.425 2344.038
A parameters 6 6 2
A2LL 65.00 370 162
p-value <0.001 072 0.45

Preferred models, indicating the best it to the data, are highlighted in bold font.
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Meai SD

1. Sex (female)

2. Age 1591 132 0.08 -

3. Environmental sensitivity 339 132 0.26 005 -

4. Positive emotionality - T1 3.06 0.74 -0.09 ~0.06 ~0.02 -

5. Positive emotionality - T2 250 0.65 -0.13 ~0.06 ~0.09 053 -

6. Positive emotionality - T3 307 0.77 -027 -020 -0.15 038 0.49 -

7. Negative emotionality - T1 286 0.89 027 0.10 036 -025% | 025 ~0.04 -

8. Negative emotionality - T2 320 0.83 037 0.08 036 -022 | -032 -032 0.60 -

9. Negative emotionality - T3 317 0.88 0.40 0.15 035 -018 | -024 ~0.49 047 063 | -

The significance of each correlation coefficient (r) can be determined by comparing its absolute value to the critical value corresponding to the degrees of freedom (d = N~2) at the 0.05
significance level. The critical values for the sample sizes at different time points are a follows: Measures at T1: N = 453, df = 451, Critical value  0.092; Measures at T1 and T2: N = 428, df
426, Critical value & 0.098; Measures at T1, T2, and T3: N = 116, df = 114, Critical value % 0.196.
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Variable Creative ideas Creative activities

Std error B B Std error B B

1 Constant 1.98 0.173 <0.001* 6533 1212 <0.001*
SPS 0.197 0.038 0.294 <0.001* 0.200 0.263 0.045 0448

2 Constant 0.013 0.190 0.945 —5.454 1.440 <0.001*
SPS 0.097 0.029 0.145 0.001* —0.410 0224 —0.092 0.068
OE 0.679 0.047 0.638 <0.001* 4.137 0357 0581 <0.001*

3 Constant 0581 0223 0.010° —6.409 1.761 <0.001*
SPS 0.119 0.029 0.178 <0.001° —0.398 0231 —0.089 0.086
OE 0.683 0.048 0.641 <0.001* 4.109 0379 0577 <0.001*
Gender —0.201 0.073 —0.122 0.006* 0.425 0576 0.039 0461
Age —0.010 0.002 0213 <0.001* —0.010 0.016 —0.034 —0.665
Education —0.018 0.017 —0.043 0315 0223 0.137 0.081 0.106

R? =0.087 for step 1; A R? = 0.384 for step 2; A R? = 0.048 for step 3 (all ps < 0.001*) for creative ideas.

R? = 0.002 for step 1, p = 0.448; A R* = 0.318 for step 2, p < 0.001*; A R> = 0.009 for step 3, p = 0.277 for creative activities.
pfdr, False-discovery rate (FDR) corrected p-values across two tests for SPS with creative ideas and creative activities. p < 0.05 is indicated in bold and with an asterisk*.
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Analysis variable estionnaire Mea SD

Independent Sensory Processing Sensitivity (SPS) 12-item Highly Sensitive Person scale 4.5 1.04 0.86
SPS-Aesthetic Sensitivity (AES) 4 items of the 12-HSP scale 4.97 1.1 0.71

Dependent Creative ideas Runco Ideation Behavior Scale 2.86 0.69 0.93
Creative activities Biographical Inventory of Creative Behaviors 7.41 4.59 0.79
Empathy Basic Empathy Scale 79.84 877 0.85
Affective empathy 6 items of the Basic Empathy Scale 20.75 3.99 0.75
Cognitive empathy 8 items of the Basic Empathy Scale 33.13 3.80 0.78
Emotional disconnection 6 items of the Basic Empathy Scale 25.96 3.01 0.68

Covariates Openness to Experience (OE) 10 items of the Big Five Inventory 3.56 0.65 0.82
SPS-Low Sensory Threshold (LST) 3 items of the 12-HSP scale 4.31 1.47 0.67
SPS-Ease of Excitation (EOE) 5 items of the 12-HSP scale 431 1.30 0.84
Gender Male = 0, female = 1, not stated n=066(22.3%) | n=224(757%) | n=602%)
Age in years 443 148
Education 5.10 1.69

The language for all questionnaires was Dutch.
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. Have you ever heard of high sens
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ty in your course?
Are you an off-site student?

Do you attend classes? I so, do you prefer to attend online or in person?

How do you get on with your fellow students?

Do you think being highly sensitive has affected your relationships at university?
How do you manage exams and studying in relation to high sensitivity?

Do you prefer oral or written exams? Online or in-presence?

How do you manage your relationships with teachers?

‘What advice would you give to a teacher who s faced with a highly sensitive

student?





OPS/images/fpsyg-15-1448443/fpsyg-15-1448443-t005.jpg
Theme Code

Sub-themes

Sub-sub

themes

Definition

Who talks
about it

N total
turns

F1
Student-

F2
teacher
relationships

F3

Student-teacher
relationships

quality

Barrier conditions

Favorable

conditions

FL1

F12

F21

F31

F32

Difficult relationships

Positive relationships

Struggles to enter into
relationships/fear of

judgment

Need for calmness/
reassurance/feedback

Awareness of SPS

Interviewees describe their
relationships with teachers as somehow
difficult

Interviewees describe their
relationships with teachers as somehow

positive

Interviewees describe their struggles to

bein good relationships with teachers

Interviewees describe and advise
teachers to co-construct calm
environments where reassurance and
feedback are provided

Interviewees describe and advise
teachers to be more aware of SPS and

highly sensitive people

11,13,14,15, 16,
17,18,19

12,14,15,16,17,
18,19

11,13,15,16,17

10,12,13,14,15,
16,17,18,19

11,13,19

181

150

76
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Theme

Code

Sub-themes

Sub-subthemes

Definition

Who talks
about it

N total
turns

Peer relationships

El

E2

E3

Peer relationships

quality

Barrier conditions

Favorable

conditions

ELL

E12

E21

E22

E31

E32

Diffcult relationships

Positive relationships

Peer anxiety

Risk of self-exclusion

‘Working in small

groups

Importance of a

peaceful environment

Interviewees describe their peer
relationships as somehow difficult
Interviewees describe their peer

relationships as somehow positive

Interviewees describe to feel
social anxiety with reference to
peer interaction

Interviewees describe their risk of

isolating themselves from peers

Interviewees describe working in
small groups with colleagues as a
positive condition

Interviewees describe being in
peaceful social relationships as a

positive condition

11,12,13,16,17

11,13,1617,19

13,14,16,1,18,
19

11,13,14,18,19

1L,13,15

141

39

104

73

40
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Sub-themes Definition Who talks N total

about it turns
Strategies for organizing
Bl Interviewees describe their study approach 13,14,15,16, 18,19 104
the study
Challenging and tring Interviewees evaluate their study approach as
BL1 sing ¢ ¥ 12,13,17,18,19 2
study approach particularly tiring
Interviewees evaluate their study approach as
B Studyapproach B2 Excessive commitment 2 1
excessive
- High school/university Interviewees refer to being satisfied with university | 11,12,13, 14, 15, 16,17, .
performances grades and overall performance 1

Interviewees describe to have encountered some
B3 University career blocks 1L14,16 93
blocking experience in their academic career

Interviewees describe their evaluations and
Cl Online class experiences 12,13,14,15,16,17,18 155
behavioral occurrences when taking online lessons

Distractions in online Interviewees describe following online lessons a
cLl 12,13,15,16,17,18 %
lessons distracting activity
C  Classroom experience

Preference for or Interviewees declare their preference for online

[9F} 13, 14,16 6
lessons lessons
Anxiety in speaking Interviewees narrate their fear of speaking in
2 1L,13,14,16,17 38
during lectures public at lesson
Preference for written Interviewees express preference for written exams
D1 1L,12,13,14,15,17 27
exams. (instead or oral)
Interviewees explicilly refer to anxiety issues 10,12,13, 14, 15,16, 17,
D2 Anxiety during exams 365
related to the exam 18,19

Interviewees describe when they felt anxious in the | 11,12,13,14,15,16,17,
D21 Examanxiety 122
middle of an exam 18,19

Interviewees describe when they felt anxious
‘Technological anxiety
D22 during an online exam due to technological 12,13, 14,16, 18,19 66
during online exams
reasons

Interviewees describes when they block themselves
D23 Blocks during exams 14,15,17,18,19 ]
during an exam

Interviewees describe when they felt ansious
Being influenced by the

D24 during an exam in relation to their being observed 11,12,13,14, 16,17 51

Physical, emotional presence of others

and judged by other (students)
and cognitive states
D N Physical symptoms in the
during and after exams Interviewees narrate their physical sensations after 12,13, 14,15, 16,17, I8,
o D3 post-exam (or post-thesis 87
(or thesis discussion) taking the exam (or ha

discussed the thesis) 19
discussion) phase

Interviewees narrate their being physically
D3.1 Physical tiredness exhausted after taking an exam (or having 12,13, 14,16, 19 29

discussed the thesis)

Interviewees narrate their being mentally
D32 | Mental tiredness exhausted after taking an exam (or having 12,13, 14,15, 18 32

discussed the thesis)

Interviewees narrate their headache afier taking an
D33 Headache 15,16 2
exam (or having discussed the thesis)

Interviewees describe their pain to the legs after
D34 Legproblems 13,18 7
taking an exam (or having discussed the thesis)

Interviewees describe their pain to the neck after
D35  Neck pain 18 2
taking an exam (or having discussed the thesis)

Interviewees describe their digestive problems

D36 Digestive problems after taking an exam (or having discussed the is 1

thesis)
Interviewees describe their hair loss after taking an

D37 Hairloss 19 6
exam (or having discussed the thesis)

Interviewees describe having fever afier taking an
D38 Fever 17 8
exam (or having discussed the thesis)

‘Emotional experiences in

Interviewees describe their emotions after taking  11,13,14,15,16,17, 18,
D4 the post-exam (or post- 143
an exam (or having discussed the thesis) 19
thesis discussion) phase
Interviewees describe relief after taking an exam 11,13, 14,15, 16,17, 18,
D4l Relief 9
(or discussed the thesis) 19

Interviewees describe their satisfaction afier taking
D42 ‘Contentment/Satisfaction 1,19 53
an exam (or discussed the thesis)

Interviewees describe their disappointment after
D43 Disappointment/Guilt n 1
taking an exam (or discussed the thesis)

Interviewees describe their anger afer taking an
Da4 Anger 9 39
exam (or discussed the thesis)

Interviewees describe their sadness after taking an
D45 Sadness n 1
exam (or discussed the thesis)

Cognitive-behavioral
strategies in the post-exam | Interviewees describe their post-exams (or post-

D5 11,12, 14,15, 16,18, 19 70
(or post-thesis discussion)  thesis) thoughts and strategies

phase

Interviewees describe their need to relax after 11,12,14,15,16, 18 30

D51 Distractions/Relax

taking the exam (or having discussed the thesis)
Interviewees describe their need to avoid talking 15,19 28
Avoidance to contain
D52 of the exam to contain anxiety after taking the
anxiety
exam (or having discussed the thesis)
Interviewees describe their brooding tendency I 12
D53 Brooding after taking the exam (or having discussed the

thesis)
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A

Theme

Self-definitions

Al
A2

A3

As an anxious person
As a perfectionist person

Asashy person

Definition Who talks
about it
Interviewees describe themselves as anxious persons 12,13, 16,18, 19
Interviewees describe themselves as perfectionist persons 219
Interviewees describe themselves as shy persons 1,5

N total
turns
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Variable

Mental Health® 0.25/0.26/0.23

Emotional Role"” 0.15/0.10/0.14 0.43/0.41/0.41
Openness®” <0.001/<0.001/<0.001  ~0.01/<0.001/<0.001
Agrecableness'” 0.03/0.01/<0.001 0.09/0.12/0.09
Adaptive Coping 0.09/0.06/0.07 017/0.14/0.18
Strategies®

Active maladapti —0.03/-0.07/-0.04 —0.32/-0.32/-0.34
coping strategies”

Non-active 0.01/0.01/<0.001 0.01/<0.001/<0.001

maladaptive
coping strategies'”

(1)=General health, (2) = Mental health, (3)

maladaptive coping strategies. The standardised weights of the groups of low, medium and high aesthetic sens

Emotional role, (4)=Openness,

Aesthetic sensitivity level
Low/Medium/High

(3)

~0.11/-0.10/-0.09
0.01/<0.001/<0.001

~0.02/-0.01/-0.01

~0.11/-0.09/-0.05

0.01/-0.01/-0.03

greeableness, (6)= Adaptive coping strateges,

(4)

0.11/0.10/0.12

0.16/0.13/0.13  0.10/0.07/0.09

0.03/0.01/001 | 0.01/<0.001/0.01 0.10/0.03/0.02

0.03/0.01/001 | ~0.02/-001/=001 | ~021/=0.16/=0.11  0.22/0.17/0.19

ctive maladaptive coping strategies, (8) = Non-active
ity are gathered (in this order) and separated by slashes.
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Study 1 Study 2 Study 3

M SO M SD | M  SD
SPS 4.30 0.82 4.64 0.82 3.95 .06
Females 4.38 0.82 4.69 0.88 4.29 .05
Males 4.09 0.81 453 0.70 3.65 0.97
Medication sensitivity 039 | 024 | 3.12 50 | 223 .02
Females 0.41 0.27 2.94 .60 2.48 .16
Males 0.34 0.27 3.43 .26 2.03 0.84
Negative affectivity 3.67 1.53 | 4.00 .28 3.53 .89
Females 3.68 1.45 4.02 33 3.85 .99
Males 3.64 1.74 3.95 .16 3.24 .76
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Descriptive statistics Significance test and effect size

Aesthetic sensitivity (HSPS-S) (range: 6-42)

Low (Pyy=<35) Medium High (P =>38)

M(SD) M(SD) M(SD) F » "
Health-related Quality of Life (SF-36) (range: 0-100)

General health 62.41(20.63) 61.10 (20.85) 6057 (22.22) 895 hiad 0.002
Mental health 50.76 (16.76) 49.79.(16.43) 49.13 (16.88) 2464 had 0.005
Emotional role 58.01(30.63) 52,90 (31.11) 50.01 (32.48) 12656 s 0.024 (s)

Personality traits (NEO FFI) (range: 0-60)

Openness (P, =28) 29.93(5.79) 33.98(5.34) 37.13(5.34) 173677 hied 0.248 )

Agreeableness (P, =34) 29.14 (5.64) 3034 (561) 3175 (6.06) 14276 hiad 0.026 (s)

Coping Strategies (CSI) (range: 0-40)

Adaptive 1026 (3.07) 1111 (3.05) 1197 (3.21) 29293 i 0.053 s
Active maladaptive 1236 (4.42) 1272 (4.40) 13.16 (4.51) 5382 ree 0.009
Non-active maladaptive 7.25(3.11) 7.07(3.04) 7.18 (3.19) 408 0.001

##2p<0.001. The descriptive statistics include, i the following order, the mean and standard deviation (in brackets). Adaptive coping strategies: problem solving + cognitive
restructuring + social support + emotional expression; Active maladaptive coping strategies: self-riticism + wishful thinking; Non-active maladaptive coping strategies: problem

avoidance + social withdrawal. P50 = Percentile 50, P33= Percentile 33, P66 = Percentile 66. High scores in SF-36, NEO=-FFl and CS1 indicate greater presence of the different variables: better
quality of lfe, greater openness and agreeableness and greater tendency to use coping strategies. The levels of interpretation of 2 are: (s) small (12=0.010-0.059), (m) moderate (12=0.060-
0.140) and (1) large (n2=>0.140).
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Mental Health

Emotional Role"”

Openness®

Agreeableness'”

Adaptive Coping
Strategies®

Active maladaptive
coping strategies”!
Non-active maladaptive

coping strategies'”

(1)
0.45%%+
(m)
0,365+
(m)

—0.02¢

0.10%%
()
0.19%%%
()
—0.27%%%
()

—0.08+%%

(2)

0.58%
0]

~0.06%+*

0.17%%%
)
0.26%%%
(m)
—0.50%%*
[0)
—0.15%%*
)

(3)

018
)

0045

0084

—037exE
(m)
—0.13%%%
)

(4)

0.10%%
®

0.01

(5)

0.20%%
s

0064+

0,094

(6) (7)
~005+5%
0225 026+
(s) )

*p<0.05 *** p<0.001. (1)=General health, (2) = Mental health, (3)= Emotional role, (4) = Openness, (5) = Agreeableness, (6) = Adaptive coping strategies, (7)= Active maladaptive coping

strategies, (8)=Non-active maladaptive coping strategies. The value of Spearmanis Rho (rsp) is included. The levels of interpretation of Cohen'’s g are as follows: s) =small (q
31-0.50) and (1) =large

.10-0.30),
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Aesthetic sensitivity level
Low//Medium™/High"

(€)] (4)

0.46/0.45/0.44
=001
Mental Health
=001
wihg=003
0.38/033/0.36 0.60/057/0.57

g lm = 0,04 Vg =004
Emotional Role"” M !

g <001
=006
~001/003/0.004  ~0.06/~002/~001  ~0.14/=0.10/~0.11
tngim lng=0.04 ing=004
Openness'
magog02 magog01 nig=001
=001 =004 1g=003
0.12/0.1210.09 0.18/021/0.17 0.06/0.09/0.4 0.15/0.14/0.17
g 2001 =003 g =003 =001
Agreeableness” B B 4 B
004 "hg=004 g =002 »ig=003

19=003 =002

Adaptive coping 021/0.17/0.21 0.26/0.25/0.31 0.10/0.11/0.13 0.18/0.17/0.18 0.18/0.16/0.17

17g=0,03 17g=0.01 119=001 179<0.01 119=0.02

=004 =006 "hg=0.02 "q<0.01 "hg=001

9 <0.01 1g=005 19=003 1g<0.01 =001
Active maladaptive | ~0.27/-029/-026 | ~0.50/-049/-049  ~0.39/-0.36/=032  0.09/0.03/0.05  ~005/~0.11/=0.09 = ~0.06/~0.08/~0.10
coping strategies” 11g=0.02 17g=0.01 1192002 17g=0.05 119=0.05 17q=002

=003 "q<0.01 "hg=0.04 =002 "g=002 "g=002

g =001 g =001 19=006 1g=003 =004 =004
Non-active ~0.09/-005/-008  ~0.14/=0.11/=0.14 | ~0.14/=0.1/=0.14 | 0.03/0.00/~0.06 = ~009/-0.07/-0.06 = ~0.25/-0.21/=0.17 | 0.28/0.23/0.26
maladaptive 17g=0,03 17g=0,03 1192003 11g=0,03 1192002 17q=004 179=006
coping strategies"” =003 =003 "hg=0.03 =006 "hg=001 "9=003 =003

1g=001 1g<001 1g=001 1g=0.09 =003 =008 =002

(1)=General health, (2) = Mental health, (3) = Emotional role, (4) = Openness, (5) = Agreeableness, (6)= Adaptive coping strategies, (7) = Active maladaptive coping strategies, (8) = Non-active
maladaptive coping strategies. The value of Spearmans Rho (rsp) is included for the groups of low, medium and high overstimulation (in this order), separated by slashes. The pairwise
comparisons are included: 1-m =low vs medium, I-h=low vs high, and m-h=medium vs high. The interpretation levels of Coherts q are as follows: s) = small (q=0.10-0.30), (m) = moderate
(q=0.31-0.50) and (1) =large (q=>0.50).
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Network

Variable
(4)
Mental Health® 024
Emotional Role” 014 0.44
Openness” 001 -002 ~014
Agreeableness 002 012 ~003 017
Adaptive Coping Strategies'” 009 020 ~0.04 0.24 0.10
Active maladaptive coping strategies” ~0.06 -035 ~007 0.04 001 010
Non-active maladaptive coping strategies™ 002 0.03 ~0.04 002 ~0.04 ~018 022

(1)=General health, (2) = Mental health, (3) = Emotional role, (4) = Openness, (5) = Agreeableness, (6) = Adaptive coping strategies, (7) = Active maladaptive coping strategies, (8) =Non-active
maladaptive coping strategies.
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LSG M (SE) MSG M (SE) VSG M (SE) CSG M (SE)

Sample A

Group sizes (%) 10 40 38 12

AES 12,07032) 15.84(0.11) 17.18(0.08) 20.00(0.00) 16.48(0.06)
EOE 18.87(0.57) 27.75(0.24) 33.56(0.17) 3234(0.45) 29.61(0.14)
LsT 14.29(0.59) 26.93(0.26) 35.05(0.21" 34.18(0.49)" 29.60(0.16)
SPS 45.23(1.02) 70.52(0.37) 85.78(0.31)" 86.51(0.81)" 75.68(0.24)
Sample B

‘group sizes (%) 9 60 21 10

AES 14.46(0.55) 15.65(0.13) 18.19(0.10) 20.00(0.00) 1651(0.10)
EOE 2239(0.72) 30.54(0.24) 35.86(0.28) 3191(061) 31.05(0.18)
LST 19.64(0.90) 29.68(0.31)" 37.01(0.33) 3142089 30.48(0.23)
SPS. 56.50(1.36) 75.87(0.43) 91.06(0.47) 83.33(0.17) 78.04(033)

Total sample

Group sizes (%) 13 55 20 2
AES 13.23(0.25) 15.89(0.07) 18.01(0.06) 20.00(0.00) 16.49(0.05)
EOE 2064(0.42) 29.94(0.15) 35.01(0.17) 32.19(036) 30.07(0.11)
LST 17.03(0.47) 29.55(0.18) 36.69(0.21) 33.33(043) 29.88(0.13)
sps 50.91(0.80) 75.38(0.26) 89.71(0.29) 85.51(0.67) 76.44(0.20)

LSG, low sensitvity group; MSG, medium sensitivity group; VSG, vulnerable sensitivity group; CSG, confident sensitvity group. 4’ indicates no significant group mean differences; SPS,
HSPS-G total score; AES, aesthetic sensitivity; LST, low sensory threshold; EOE, ease of excitation; AvePP, average posterior probability.
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# LL BIC AIC Npar CE R? AWE ICL-BIC
MI models regarding sex groups (N=1,628)

A ~13766.30 27843.19 27616.60 a2 - - 012 074 2928263 28846.04
B —13798.42 2784087 27662.83 33 64.24 <0.001 012 0.74 2915141 28808.37
c ~1382001 2786187 2770002 30 4318 <0.001 o1 075 2911032 28798.46
D ~13883.63 27966.93 2782126 27 12725 <0.001 o1 075 29178.93 28898.26

MI models regarding age groups (N=1,628)

A ~14044.53 2862151 28233.07 72 - - 018 065 30784.14 30035.69
B —13841.12 28015.01 27772.23 45 406.83 <0.001 011 076 2939425 28926.47
c ~14074.63 28415.48 28221.26 36 467.02 <0.001 018 0.65 3017159 29797.36
D ~13883.63 27966.93 2782126 27 38199 <0.001 011 0.76 2917893 28898.26

#, model denomination; LL, LogLikelihood; BIC, Bayes Information Criterion; AIC, Akaike Information Criterion; Npar, number of parameters; VLMR, Vuong-Lo-Mendell-Rubin Likelihood
Ratio test value; p, type I error probability of VLMR; CE, classification error; R', Entropy; AWE, approximate weight of evidence; ICL-BIC, integrated completed likelihood; we created four age
categories (age groups range from 16 to 30; from 31 to 40; from 41 to 50; from 51 to 99). The fit indices of the final MI model are bold.
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N (Men/Women)

T score T score
LG (74, 102) HSP 4469 1155 42 5087 784 36
AES 1205 340 42 1340 369 39
EOE. 18.96 654 ) 2007 490 37
LT 1368 657 42 17.40 532 37
MSG (118, 806) HSP 7164 681 53 7539 737 48
AES 1556 219 52 1587 205 48
EOE. 2953 442 5 2984 453 49
LT 2655 478 52 2968 531 49
VSG (24, 290) HSP 89.42 456 63 9074 427 61
AES 1821 083 59 18.08 090 51
EOE. 3504 304 61 3534 286 57
LT 3617 350 6 3732 329 59
CSG (14, 200) HSP 8050 7.78 58 8575 9.68 56
AES 2000 000 6 2000 0.00 65
EOE. 2936 413 52 3236 519 52
LsT 314 665 57 3340 616 53
LSG, low sensitivity group; MSG, medium sensitivity group; VSG, vulnerable sensitivity group; CSG, confident sensitivity group.






OPS/images/fpsyg-14-1276124/fpsyg-14-1276124-t001.jpg
Age

Mean (Range: 18-79)

D
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Divorced

lowed

Not specified
Education level
College

High school
Secondary
Primary

Without studies

34.60
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Domains and facets Description Cronbach'’s alpha

Manual  Current

(N)euroticism 092 093
NI | Aniety ‘Worry and physiological reactions to anxiety 081 081
N2 | Angry Hostility Readiness to becoming angry and annoyed, and being temperamental 077 073
N3 | Depression Self-blame, loneliness, self-confidence/—worth, sadness, and hopelessness 0.82 0.5
N4 | Self-Consciousness Embarrassment and lack of self-worth 069 077
N5 | Impulsiveness Giving in to cravings and difficulties of restraining and controlling oneself 065 067
N6 | Vulnerability efficacy and weaker emotional stability 050 051
(E)xtraversion 059 0.89
El | Warmth Cordially, approachable, strong bonds with friends 074 075
E2 | Gregariousness Enjoying crowds and big social gatherings 077 081
B3 Assertiveness Dominance, assertiveness and leadership behavior 050 050
B4 | Activity Lively, fast-paced work and lie, vigorous 074 070
ES | Excitement-Seeking Seeking crowds at big events and scary movies, action and adrenaline chasing 0.66 0.66
E6  Positive Emotions Positive affect: joyful, cheerful, light-hearted, optimistic 0.79 082
(O)penness to Experience 089 087
Ol | Openness to Fantasy Active imagination and an affinity for daydreaming 079 075
02 Openness to Aesthetics Enjoying, fascination of, and interest in music and art 0.79 075
03 Openness to Feelings Experiencing strong emotions, appreciation and recognition of emotions 075 073
04 | Openness to Actions ‘Trying new methods and ways, and willingness to experience new surroundings 066 072
T p—— Affinity to philosophical and abstract theories, ideas, and discussions, as well as an intellectual . .
interest
Tolerance for other societies'idea of right and wrong, and open-mindedness to different
0 | Opennes o Values o 049 049
(A)greeableness 0.90 0.86
Al Trust ‘Trustful, believes in the best of people 079 081
A2 Straightforwardness Reluctance to manipulate people and aversion to be called a hypocrite 069 054
A3 Altruism Concerns for others, e.g., being considerate and generous 074 067
A4 Compliance Cooperation, restraint in negative emotion expression, flexible 0.70 0.62
Bottom-up comparison to others, lower opinion of oneself, and the reluctance to talk about
e | Modesy et 075 074
A6 | Tender-Mindedness Social, sympathy for others 068 064
(C)onscientiousness 0.93 088
Cl | Competence Self-efficacy and feeling of control over one life 071 062
C2 | Order ‘Tidy, organized, neat, demanding 073 068
C3 | Dutifulness Conscientious in performing tasks, dependable, reliable, adhering to principles 075 062
C4 | Achievement Striving ‘Working towards goals, drive to get ahead and excel 071 059
C5 | Self-Discipline Productive, persevering, even when dealing with a big workload 084 052

C6 | Deliberation Consideration during decision making and planning process 077 078
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1.Sex.

2. Age 3930 114 ~001

3AES 1648 282 0.19%% 012+

4.EOE | 2961 643 021%* 011+ 0374+

5.1ST 29.60 816 0.32¢% 0.20%* 0.50%* 0,63+

6.5 75.68 1477 | 030%% 018+ 0.63%% 0.85%* 0.92¢%

7N 109.29 2554 047FF 0125 010% 051+ 0.30%* 041%%

8.E 89.83 2148 003 -0.13 0.05 043 —023%F —030%%  —031%

9.0 13123 1807 017+ .02 0.52%% 0.07* 0.23%* 0.26%* 001 0317

10.A 12201 1696 0.18%% 0.10%* 017+ 0.17%% 0.16+* 0.19%* ~0.06 002 0.28%*
1n.c 11876 1970 -002 004 0.06* ~0.06 001 ~001 —030%% 002 ~0.03 0.09%*

=1,102. *p<0.05; **p<0.01. Only correlations of ‘Sex” are non-parametric (Spearman); Male sex is coded = 1 and female sex is coded =2; SPS =sum score of allthree HSPS-G subfactors;
AES, aesthetic sensitivity; EOE, ease of excitation; LST, low sensory threshold; N, neuroticism; E, extraversion; O, openness; A, agreeableness; C, conscientiousness.
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# LL BIC AIC BVR
,102)

MR CH AWE ICL-BIC

2 ~9747.02 19585.11 19520.05 7628 90114 <0.001 007 071 20095.90 1996584
3 ~9633.85 19407.79 19307.69 2175 22635 <0.001 012 0.70 2021582 20015.72
1 —9451.49 19092.11 18956.98 1826 36471 <0.001 013 073 2008697 19816.84
5 ~9387.09 1901235 1884218 1443 128.80 <0001 017 073 20232.23 1989206
6 919285 1867290 18467.70 18.02 388,48 <0.001 015 079 19850.42 1947022
Sample B (N=526)

2 455219 9185.83 913038 19.86 24494 <0001 o 061 9583.95 9463.50

3 ~4510.70 914670 9061.40 371 8298 <0.001 012 0.65 963317 9447.86

4 —4460.22 9089.60 8974.43 384 10096 <0.001 012 072 9660.04 9409.88
5 —4431.79 9076.61 893159 189 5685 <0.001 0.16 070 980457 9459.55

6 ~1362.76 898239 880751 584 138.07 <0001 015 076 9757.67 9377.79

Total Sample (N=1,628)

2 ~14344.88 28785.89 28715.76 10133 1117.60 <0.001 0.09 0.66 29617.48 2048234
3 ~14059.89 28267.68 28159.78 7467 569.98 <0.001 0.09 076 29188.79 28980.88
4 —13883.63 27966.93 27821.26 28.85 35251 <0.001 o1 0.75 29178.93 28898.26
5 ~13552.85 27357.14 217371 3211 661.56 <0.001 013 079 2872120 28367.76
6 ~13136.74 26576.67 26355.47 39.06 83223 <0.001 010 085 27816.52 2739032

#, number of classes; LL, LogLikelihood; BIC, Bayes Information Criterion; AIC, Akaike Information Criterion; BVR, maximum bivariate residuals; VLMR, Vuong-Lo-Mendell-Rubin
Likelihood Ratio test values p, type I error probability of VLMR; CE, classification error; R’ entropy; AWE, approximate weight of evidence; ICL-BIC, integrated completed likelihood. Boldly
typed model fit indices highlight the final model.
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LSG MSG VSG CsG

AvePP of the total sample

LSG 090 010 0.00 0.00
MSG 0.05 089 0.06 0.00
VSG 0.00 017 0.83 0.00
CSG 001 003 0.03 093

AvePP of women

LSG 089 012 0.00 0.00
MSG 0.04 089 007 0.00
VSG 0.00 016 0.84 0.00
CsG 0.01 003 003 093
AvePP of men

LSG 093 007 0.00 0.00
MSG 0.07 090 003 0.00
VSG 0.00 020 0.80 0.00
CSG 0.01 005 001 094

LSG, low sensitvity group; MSG, medium sensitivity group: VSG, vulnerable sensitivity
group; CSG, confident sensitivity groups AvePP,average posterior probability. Diagonal
values (bold) indicate the AvePP.
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Sample A Sample B

Variable Response n n

Sex Men 171 155 59 12 230 141
Women 931 845 467 888 1,398 859

Education Primary education 9% 87 60 14 156 96
Secondary education 435 395 21 420 656 403
Higher (academic) education 571 518 25 466 816 50.1

Employment Yes, self-employed 181 164 77 146 258 158
Yes, employee 554 503 258 490 812 499
No, school or university student 151 137 86 164 237 146
No, retired I 39 28 53 71 44
No, homemaker 68 62 B 61 100 61
No, unemployed jobseeker 105 95 45 86 150 92

Primary education refers to schooling up to 10years; Secondary education encompasses consecutive schooling or vocational education (often additional 3years); Higher education denotes
academic attainment (ie., achieving a Bachelor’s degree, a Master's degree, a PhD, or the status of master craftsman).
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High HSP (Constant) -0.38 0.08 ~4.80 -0.53 -022 <0.001
NCI 0.50 0.08 0.40 625 034 0.6 <0.001

NCI = Nature Connection Index.
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Predictor 95% ClI

(Constant) -0.10 015 ~066 -038 019 0509
Gender -027 008 -0.10 -336 -043 -1 <0.001
Age 013 004 0.09 296 004 021 0.003
Education 0.06 003 0.06 191 ~0.00 012 0056
HSP-12 -0.18 003 ~018 -5.63 —024 -012 <0.001
CHAOS —025 003 -025 ~7.49 ~031 -018 <0.001
NCI 028 003 028 8.64 021 034 <0.001
HSP-12*NCI 0.10 003 011 3.46 005 016 <0.001
HSP-12*CHAOS —006 003 -0.06 -190 -013 000 0.058

HSP-12 = Highly Sensitive Person Scale-Brief Version; NCI = Nature Connection Index; CHAOS = Confusion, Hubbub, and Order Scale
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Measure

1. Flourishing <

2 HSP-12 —0.14%* -

3.NC 029%* 020+ -

4.CHAOS 0.04 012 0.20%* -

5. Gender —0.03 ~0.16** -0.05 0.04 -

6. Age 0.18%* —0.002 (IR 0.05 005 -

7. Education 0.04 005 —0.08* 0.08* 0.15%* -0.05 -

Person Scale-Brief Version; NCI = Nature Connection Index; CHAOS = Confusion,

“Statisical significance is indicated as *p < 0.05, ** p < 0.01, and ***p < 0.001; HSP-12 = Highly Sensi
Hubbub, and Order Scale.
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HSP-12 scale 12
Flourishing scale n
CHAOS scale 2
NCI 0

M = mean; SD = standard deviation. HSP-1

Max SD
84 5164 1145
56 4653 643
13 745 145
100 7126 2615

Highly Sensitive Person Scale-Brief Vrsion;

NCI = Nature Connection Index; CHAOS = Confusion, Hubbub, and Order Scale.
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Model | Model Il Model Il

Factor Mean Min Max Rangeof ~ Mean Min Max Range of Mean Min Max Range of
loading loading loading variation loading loading loading variation loading loading loading variation
Sensory discomfort (SD) 0805 0556 0947 0391 0.622 0.486 0.798 0312 0.586 0426 0.796 0370
Aesthetic sensitivity (AS) 0717 0626 0779 0.153 0367 0.082 0613 0531 0567 0.485 0.698 0213
Social affective sensitvity (SAS) 0.686 0510 0848 0338 0.441 0.246 0.601 0355 0.567 0360 0.694 0334
Emotional and physiological reactivity (EPR) 0.667 0510 0835 0157 0.528 0212 0713 0501 0512 0.145 0726 0.581
Sensory sensitivity to external subtle stimuli (SIES) | 0.625 0532 0.691 0159 0.295 009 0.449 0359 0412 0302 0542 0.240
Sensory comfort/Pleasure (SC) 0577 0395 0872 0477 0522 0373 0593 0220 0,607 0556 0.652 0.09%

General factor (g) 0.481 0.154 0.664 0510 0415 -0.022 0.69 0.634
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@3 (Omega

Combachisa AT Conbactisa WZOEE Cromvacnsa "I

bifactor)
As 0.824 0799 0.824 0,650 0.824 0719
SAS 0.871 0.844 0871 0.663 0871 0794
SIES 0.791 0752 0791 0469 0791 0553
D 0929 0916 0929 0837 0929 0812
EPR 0.892 0.874 0.892 0816 0.892 0805
sc 0,676 0581 0,676 0.603 0676 0700
g - B 0937 0928 0937 0.900
POS - - - - 0920 0904
NEG - - - - 0926 0893

The alpha coeficient estimates the reliability of total scores under the conception of essential tau-equivalence tests, assuming a single common construct for allitems, equal factor loadings, and
ancorrelated measurement errors. Meanwhile, the omega coefficient estimates the reliablity of scores for each factor i a bifactorial model or a factorial model under a congeneric approach
that does not require equal factor loadings (Zinbarg et al., 2005). The calculation of omega3 uses the sample variance of the observed scores.
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Model CFI SRMR  RMSEA (95% ClI)
1: 6 factors CFA 0968 0070 0.075 (0.073-0.077)
2 bifactor 0961 0079 0084 (0.082-0.086)
3: higher-order bifactor 0986 0051 0051 (0.049-0.053)
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Std. Est

Cl 95%
Latent Indicator Estimate Std. Est. Lower Upper
AS 28 1.000 0626 0.603 0.648
iz 1210 0757 0736 0778 <0001
is1 1044 0654 0633 0.674 <0001
22 1245 0779 0758 0,800 <0001
is4 1225 0.767 0747 0787 <0001
SAS i50 1000 0511 0490 0532
49 1434 0733 0713 0752 <0001
56 L4 0569 0549 0589 <0001
i 1533 0783 0764 0803 <0001
21 1372 0701 0.683 0719 <0001
il 1278 0653 0633 0673 <0001
i5 1349 0690 0,669 0710 <0001
i36 1658 0.848 0830 0.865 <0001
SIES i35 1.000 0684 0.662 0705
23 0.886 0,606 0584 0628 <0001
i3 0.908 0621 0,600 0642 <0001
4 0779 0532 0511 0553 <0001
24 1010 0691 0,669 0713 <0001
37 0.902 0617 0595 0,638 <0001
D 33 1000 0765 0748 0782
i7 1106 0846 0833 0859 <0001
i9 0726 0555 0536 0574 <0001
il 1032 0790 0776 0804 <0001
i25 1238 0947 0935 0.960 <0001
48 1093 0.836 0820 0852 <0001
io 1040 0796 0779 0813 <0001
a2 1186 0.908 0895 0920 <0001
EPR 40 1.000 0650 0631 0.669
i3 1232 001 0782 0819 <0001
46 0957 0622 0.603 0.640 <0001
i19 1167 0758 0739 0777 <0001
i60 0.867 0564 0544 0583 <0001
7 1088 0707 0.687 0728 <0.001
i34 1.087 0707 0.687 0726 <0001
i59 1285 0.836 0818 0853 <0001
iss 0784 0510 0488 0531 <0.001
2 0949 0617 0599 0635 <0001
18 0.868 0565 0546 0584 <0001
sc 30 1.000 0492 0461 0522
ils 1259 0619 0586 0652 <0001
i26 0.797 0392 0362 0422 <0001
is3 1779 0875 0834 0916 <0001

Estimated factor loadings. Model I consist ofsix factors: AS, asthetic sensitivity; SAS, social-affective sensitvity; SIES, sensory sensitivity to subtle internal and external stimuli; SC, sensory
comfort/pleasure; EPR, emotional and physiological reactivity; SD, sensory discomfort. In the configuration of the factors in Model 1, correlations were allowed among the since their
original configuration is based on an oblique rotation.
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Std. Est

Cl 95%
Latent Indicator Estimate Std. Est. Lower Upper p-value
AS 28 1.000 0082 0012 0153
in2 2757 0227 0.169 0.286 0027
is1 4350 0359 0297 0420 0025
22 7.443 0613 0520 0707 0024
is4 6735 0555 0470 0.640 0024
SAS is0 1.000 0.298 0.247 0349
49 1315 0392 0346 0438 <0001
56 1552 0.462 0413 0512 <0001
ia 1698 0,506 0.460 0552 <0.001
21 1671 0.498 0.453 0543 <0001
i 1770 0527 0478 0576 <0001
i5 0825 0.246 0.198 0294 <0001
36 2017 0.601 0556 0646 <0001
SIES i35 1000 0347 0.265 0428
i23 1018 0353 0.267 0439 <0.001
3 1161 0403 0316 0490 <0001
4 1295 0.449 0353 0546 <0001
i24 0375 0.130 0053 0207 0.002
37 0.260 0090 0012 0.169 0029
D 33 1.000 0523 0492 0554
i7 1305 0.683 0,659 0.706 <0.001
i9 0930 0.486 0452 0521 <0001
il 1229 0643 0618 0.668 <0001
i25 1526 0798 0775 0822 <0001
s 0973 0509 0481 0537 <0001
ilo 1087 0.568 0537 0.600 <0001
2 1463 0.765 0741 0788 <0001
EPR 0 1.000 0713 0681 0744
i3 0.990 0705 0676 0735 <0001
46 0941 0670 0640 0701 <0001
i19 0610 0435 0.404 0465 <0.001
i60 0.806 0575 0543 0.606 <0001
7 0313 0223 0.189 0257 <0001
i34 0595 0424 0393 0455 <0.001
i59 0821 0585 0557 0613 <0001
s 0.297 0212 0177 0247 <0001
i2 0.988 0704 0673 0735 <0.001
i1 0793 0565 0534 059 <0001
sC 30 1000 0562 0.488 0.636
ils 1056 0593 0517 0670 <0.001
26 0998 0561 0.486 0,637 <0001
i53 0.663 0373 0306 0439 <0001
g i2 1.000 0.664 0645 0,683
28 0831 0552 0531 0573 <0001
is1 0819 0544 0524 0564 <0001
22 0939 0.624 0.602 0645 <0.001
is4 0925 0614 0594 0635 <0001
i50 0.583 0387 0.365 0409 <0001
49 0.884 0.587 0566 0.607 <0001
56 0598 0397 0376 0418 <0001
i 0.898 059 0575 0618 <0001
i21 0781 0519 0.498 0539 <0001
il4 0.686 0456 0434 0477 <0.001
is 0.901 0.598 0576 0.621 <0001
36 0952 0632 0613 0,652 <0001
i35 0.901 0598 0579 0618 <0001
i23 0.789 0524 0502 0545 <0001
3 0.806 0535 0515 0555 <0001
4 0677 0450 0430 0470 <0.001
i24 0942 0625 0,606 0645 <0001
37 0.854 0567 0547 0587 <0001
33 0795 0528 0,506 0549 <0.001
i7 0763 0507 0.486 0528 <0001
i9 0479 0318 0.296 0340 <0001
il 0718 0477 0456 0498 <0.001
i25 0.800 0531 0510 0552 <0001
48 0935 0621 0,600 0.642 <0001
i10 0810 0538 0516 0,560 <0.001
2 0766 0508 0.487 0530 <0001
40 0.401 0.266 0.245 0.288 <0001
) 0672 0.446 0426 0.467 <0001
46 0391 0.260 0239 0280 <0001
i19 0,829 0551 0531 0571 <0001
i60 0.404 0.269 0247 0290 <0001
7 0927 0616 059 0635 <0001
i34 0.789 0524 0504 0544 <0001
i59 0.847 0563 0543 0582 <0001
is5 0,638 0424 0403 0445 <0001
2 0.346 0.230 0.209 0251 <0001
i1s 0396 0.263 0242 0283 <0001
30 0340 0226 0.205 0247 <0001
ils 0535 0356 0334 0377 <0001
26 0231 0.154 0132 0175 <0001
is3 0.845 0.561 0541 0582 <0.001

Estimated factor loadings. The second model comprises six factors: AS, aesthetic sensitivity; SAS, social-affective sensitivity; SIES, sensory sensitivity to subtle internal and external stimuli; SC,
sensory comfort/pleasure; EPR, emotional and physiological reactivity; SD, sensory discomfort, and one general factor (g). The factors are orthogonal.
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Std. Est. 95% ClI

Latent Indicator Estimate Std. Est. Lower Upper p-value
AS 28 1.000 0.485 0392 0579
in2 1162 0.564 0475 0654 <0001
is1 1149 0558 0476 0640 <0001
i22 1222 0593 0503 0684 <0001
54 1438 0,698 0615 0781 <0001
SAS 50 1000 0518 0438 0598
49 1040 0539 0.467 0611 <0001
56 1101 0571 0503 0639 <0001
i 1178 0611 0529 0693 <0001
21 1154 0.598 0524 0672 <0001
i4 1240 0643 0572 0714 <0001
is 0694 0360 0274 0.446 <0001
36 1338 0,694 0.623 0765 <0001
SIES i35 1.000 0.465 0361 0569
i23 1015 0472 0369 0575 <0001
3 0649 0302 0184 0419 <0001
44 0704 0327 0.198 0456 <0001
i24 1164 0542 0443 0640 <0001
37 0775 0360 0241 0479 <0001
D 33 1.000 0471 0.361 0.581
i7 1423 0670 0589 0751 <0001
o 0904 0426 0311 0540 <0001
i 1313 0618 0529 0.708 <0001
i25 1688 0.79 0701 0.889 <0001
8 0967 0.455 0322 0589 <0001
i1o 1047 0.493 0354 0632 <0001
2 1611 0759 0670 0.847 <0001
EPR 0 1000 0726 0.665 0787
3 0960 0697 0.634 0760 <0001
6 0932 0676 0615 0737 <0001
i1y 0611 0444 0345 0502 <0001
60 0778 0565 0503 0627 <0001
7 0.199 0.145 0.064 0.224 <0001
i34 0526 0382 0308 0.456 <0001
59 0787 0572 0491 0652 <0001
i55 0.227 0.165 0.079 0251 <0001
2 0962 0699 0633 0764 <0001
8 0771 0560 0485 0634 <0001
sC 30 1.000 0640 0557 0722
ils 0904 0579 0502 0655 <0001
26 0.868 0556 0472 0639 <0001
is3 1018 0652 0.566 0736 <0001
g in2 1000 0.450 0394 0566
28 0799 0384 0295 0473 <0001
is1 0761 0365 0278 0453 <0001
i22 1004 0.482 0397 0567 <0001
i54 0826 0397 0307 0.487 <0001
50 0458 0.220 0128 0312 <0001
9 0972 0.467 0383 0550 <0001
56 0518 0249 0158 0340 <0001
i 0980 0471 0384 0558 <0001
i21 0795 0382 0303 0.460 <0001
i 0,602 0.289 0195 0383 <0001
is 1148 0552 0474 0629 <0001
36 1.009 0.485 0402 0567 <0001
i35 1045 0502 0411 0593 <0001
23 0.863 0414 0323 0506 <0001
i3 1074 0516 0428 0.604 <0001
4 0856 0411 0320 0502 <0001
24 0976 0.469 0380 0558 <0001
i37 1011 0.486 0405 0567 <0001
33 1218 0585 0490 0681 <0001
i7 1100 0528 0450 0607 <0001
i 0764 0367 0.260 0474 <0001
in 1047 0503 0432 0574 <0001
i25 1119 0538 0464 0611 <0001
48 1425 0685 0581 0788 <0001
i10 1264 0607 0.488 0727 <0001
2 1081 0519 0443 059 <0001
0 0514 0247 0.1598 03345 <0001
i 0948 0456 03665 05454 <0001
6 0527 0253 0.1658 03416 <0001
i19 1213 0583 04928 06735 <0001
60 0568 0273 0.1903 03564 <0001
7 1447 069 06280 07636 <0001
B4 1173 0564 04936 06350 <0001
59 1220 0586 05110 06625 <0001
55 0980 0471 04049 05381 <0001
2 0475 0.228 01275 03300 <0001
s 0583 0.280 0.1851 03756 <0001
30 ~0047 ~0.022 ~0.1108 00652 0616
i1 0334 0.160 00656 02562 0001
26 ~0129 ~0.062 ~0.1566 00318 0212
i53 0705 0339 02432 04351 <0001
POS AS 1.000 0.887 08238 09517
SAS 0874 0727 06596 07948 <0001
SIES 0.802 0743 06584 08293 <0001
sC 1220 0.822 07325 09118 <0001
NEG EPR 1.000 0.760 06894 08305
D 0321 0376 02487 05034 <0001

Estimated factor loadings. The third model includes six factors: AS, aesthetic sensitivty; SAS, social-aff ity: SIES, sensory sensitivity to subtle internal and external si
sensory comfort/pleasure; EPR, emotional and physiological reactivity; SD, sensory discomfort, one general factor (g), and two higher-order factors; NEG, negative dimension of

positive dimension of $-SPSQ. The factors are orthogonal.
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Model GFI  RMSEA SRMR  CFI

Model I (six factors) 0977 0.075 0.070 0968 | 0966
Model I (bifactor) 0.957 0973 0.084 0079 0961
Model I1I (higher- 0.984 0.988 0.051 0051 | 0986

order bifactor)
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Predict Coefficient BB LLCI uLCl R? F
Constant 16.144 0924 14329 17959 0243 63,597
Analyzing 0598 0.046 0508 0.687 af
Verbalizing ~0.050 0.031 —0110 0.010 (3,596)
Identifying ~0.260 0.038 ~0.336 ~0.185

Fantasizing Constant 15.494 109 13337 17652 0066 13974+
Analyzing 0345 0.054 0238 0.452 daf
Verbalizing —0.114 0036 —0.185 —0.043 3,59)
Identifying ~oo11 0046 ~0.100 0079

IRI Fantasy Constant 68,590 2613 63459 7721 0229 3800
Andlyzing ~00%9 0112 ~0258 0.180 at
Emotionalizing —0.484 0.087 —0.654 —0314 (5,594)
Fantasizing ~0701 0.073 ~0.844 ~0.558
Verbalizing ~0.146 0.065 —0274 —0.018
Identifying 0.120 0084 ~0045 0286

Subscales of the Bermond Vorst Alexithymia Scale: Emotionalizing, Analyzing, Verbalizing, Identifying, and Fantasizing, IRI Fantasy, Fantasy subscale from the Interpersonal Reactivity Index.
LLCTand ULCI, lower limit and upper limit of the 95% confidence interval. Bolded coefficients are significant.
#+4p<0.001.
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D

SPS, Sensory processing sensitivity; NONACCEPATNCE, Nonacceptance of emotional responses CLARITY, Lack of emotional clar

#p <0.01; ##%p <0.001.
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df CFI TLI RMSEA [90% CI]
One-factor model 225.088% 9 0774 0624 02190.195,0.245)
Two-factor model 33.59* 8 0973 095 0.080 [0.053,0.109)

df, degrees of freedom; CF1, comparative fit index; TLI, Tucker-Lewis fit index; RMSEA, root mean square error of approximation; Cl, confidence interval,
P<00L.
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Variable 2-tailed Pearson correlations®

df=700
EOT SPSpos  SPS neg EC

DDF 151 48 0.664 0277 -0.001 0243 ~0.080 ~0.035 0318 ~0.139
DIF 178 64 - 0184 0127 0400 0025 0.046 0.407 -0119
EOT 193 42 - ~0.415 ~0055 ~0254 -0224 0181 ~0313
SPS pos 47 08 - 0386 0359 0.406 0061 0366
SPS neg 40 11 - 0273 0.240 B o
EC 29 07 - 0340 0228 0428
FS 26 08 - 0080 0185
D 18 07 - ~0017
T 25 07 -

Subscales of the Toronto Alexithymia Scale (TAS-20): DD difficulty describing feelings; DIF, difficulty identifying feelings: EOT, externally oriented thinking, SPS pos and SPS neg are the
positive and negative composite scores for raits associated with sensory processing sensitiviy. Subscales of the Interpersonal Reactivity Index (IRI): EC, Empathic concern; FS, Fantasy; PD,
Personal distress; P, Perspective Taking,

‘Values shown in gold, orange, and red represent small, medium, and large effect sizes, respectively; all are significant at the p <0.008 level,
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Outcome Predictors

Model A* | SPSneg Constant
EOT
DDF
DIF

SPS pos® Constant
EOT
DDF
DIE

IRI fantasy Constant
EOT

SPS neg

SPS pos
DDF
DIF

Model B | SPSneg Constant
EOT
DDF
DIF

SPS pos Constant
EOT
DD
DIF

IRI fantasy Constant
EOT

SPS neg

SPS pos
DDF

DIF

Coefficiel N3 LLCI ULCI
t 3510 0217 3084 3936 0.188
~0.033 0011 ~0.054 ~o0.011
~0.009 0013 ~0.034 0017
0.076 0.009 0.058 0.094
t 6102 0.154 5798 6.405 0.259
~0.094 0.008 ~0.109 ~0.079
~0.007 0.009 ~0025 0011
0.030 0.007 0.018 0.043
t 1019 0314 0.403 1636 0175
~0010 0,009 ~0027 0.008
0.077 0.035 0.009 0.145
0317 0.048 0222 0412
~0.004 0.009 ~0022 0014
~0001 0.007 ~0015 0013
t 3510 0.000 3084 3936 0.188
~0.033 0.003 ~0.054 ~o0.011
~0.009 0507 ~0.034 0017
0.076 0.000 0.058 0.094
t 6127 0.000 5821 6432 0255
~0.094 0.000 ~0.109 ~0.079
-0010 0.268 ~0.028 0.008
0.029 0.000 0.016 0.042
t 1183 0.000 0563 1802 0.162
~0012 0.164 ~0.030 0.005
0.081 0.022 0.012 0.149
0.287 0.000 0.191 0.383
~0.003 0.709 -0021 0015
0.000 0980 ~0014 0014

F
38.08%%+

df (3, 495)

57.76+%*

df (3, 495)

20.98%%%

df (5,493)

38.08%%+

df (3, 495)

56.42%%%

df (3, 495)

19.10%5%

df (5,493)

Subscales of the Toronto Alexithymia Scale: EOT, externally oriented thinking; DIF, difficulty identifying feclings; DDE, difficulty describing feelings. SPS neg:and SPS pos, negative and

positive facets of sensory processing sensitivity, respect
‘Model A includes the Associative Sensitivity subscalg

Jy. LLCI and ULC, lower I

and upper limit of the 95% confidence interval. Bolded coeffcients are significant

in the SPS pos composite score, whereas Model B does not.**#p <0.001.
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Variable 2-tailed Pearson correlations®

BVAQI BVAQA BVAQE BVAQF EC]

BVAQV 244 75 0379 0448 0.070 -0019 -0.093 ~0.089 0118 -0.128
BVAQI 201 57 - 0350 —0.106. 0.036 -0.006 0029 0261 ~0.160
BVAQA 184 49 - 0410 0220 —0225 -0212 ~0016 0228
BVAQE 207 55 - 0.161 —0.444 ~0310 ~0449 ~0.041
BVAQF 189 59 - -0.048 -0397 ~0074 ~0.099
EC* 50.5 97 - 0308 0267 0395
" 35 115 - 0228 0137
PD* 347 97 - —0.106
P 454 100 -

Subscales of the Bermond-Vorst Alexithymia Questionnaire (BVAQJ: V; Verbalizing; I, Identifying; A, Analyzing; E, Emotionalizing; F, Fantasizing. Subscales of the Interpersonal Reactivity
Index (IRL): EC, Empathic concern; FS, Fantasy; PD, Personal Distress; PT, Pesrspective Taking.

Values shown in gold and orange represent small and medium effect sizes, respectively; all are significant at the p <0.009 level

Items on the IRI were rated on a Likert scale ranging from 1 10 10, rather than the usual 1 10 5.
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Subscale Factor 1

Negative SPS
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Positive SPS
trait cluster

it cluster
EOE 0.920
LST 0.624
APS 0.152
AS 0.045
NPS —0.156
AES 0277

~0.122

~0.090

0.690

0638

0351

0.681

A cut off factor loading score of 0.32 was used; scores above this are shown in bold font.
Subscales of the Highly Sensitive Person Scale (HSPS): EOE, Ease of Excitation; LST, Low
Sensory Threshold; AES, Aesthetic Sensitivity. Subscales of the Orienting Sensitivity (OS)
scale: APS, Affective Perceptual Sensitvity; NPS, Neutral Perceptual Sensitivity; AS,

Associative Sensitivity.
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11836654

Entropy
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11709630 078
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proportion
n/a n/a n/a

<0.001 <0.001 0.57/0.43

0026 <0001 041/041/0.18

0.252 <0.001 0.42/0.04/0.39/0.15

0.168 <0.001 0.33/0.31/0.05/0.20/0.11





OPS/images/fpsyg-15-1364648/fpsyg-15-1364648-t003.jpg
Female gender ly-child Age

Low SPS - High ER Competency 234 (69%) 158 (46%) M=173,5]
Moderate SPS - ER Competency 254(77%) 141 (43%) M=169, 5D
High SPS - Low ER Competency 116.(81%) 70 (49%) M=157,5D=0.56

Moderate SPS - ER Competency versus Low SPS - High ER Competency

B 048 018 -0.10
OR 062 1.20 091
» 0003 0367 0494

High SPS - Low ER Competency versus Low SPS - High ER Competency

B 073 ~0.09 -050
OR 048 091 061
» 0000 0645 0.000

High SPS - Low ER Competency versus Moderate SPS - ER Competency

B -0.25 -0.28 ~040
OR 078 0.76 067
P 0342 0175 0012

M, Mean; SD, Standard deviation; OR, Odds ratio.
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P1 P2 P3 Pairwise comparisons

Outcome Mean (SE) Mean (SE) Mean (SE) P1 versus P2 versus P3

Pro-hedonic 5.27(0.07) 4.72(0.07) 4.73(0.13) Plversus P2=*** | PlversusP3=*** P2 versus P3=ns
Contra-hedonic 247(0.06) 3.09 (0.08) 3.47 (0.13) Plversus P2=*** | PlversusP3=*** P2 versus P3=*
Pro-social 430(0.07) 442 (0.07) 4.67(0.11) PlversusP2=ns  PlversusP3=*  P2versusP3=ns
Performance 5.41(0.06) 5.21(0.07) 5.26(0.11) PlversusP2=*  PlversusP3=ns  P2versusP3=ns
Impression management 448 (0.07) 4.88 (0.07) 5.19(0.12) Plversus P2=*** | PlversusP3=*** P2 versus P3=*
Reappraisal 537 (0.05) 5.13 (0.06) 486 (0.11) PlversusP2=**  PlversusP3=***  P2versusP3=*
Suppression 368 (0.08) 4.19(0.07) 4.15(0.13) Plversus P2=*** | PlversusP3=**  P2versusP3=ns

Rumination 3.02(0.04) 3.61(0.04) 4.11(0.06) Plversus P2=*** | PlversusP3=*** P2 versus P3= ***

P, “Low SPS - High ER Competency” group; P2, “Moderate SPS - ER Competency” group; P

“High SPS - Low ER Competency” group; *p<0.05; **p<0.01; ***p<0.001; ns, not significant.
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HRV > disruptive behavior

Direct: warm/supportive parenting = disruptive behavior
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Indirect effect: warm/supportive parenting = HRV = disruptive
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HRV > disruptive behavior

Direct: warm/supportive parenting => disruptive behavior
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Pooled across imputed datasets. Stars indicate significance level (* <0.05, ** <0.01). Harsh Par.
Negative emotionality. HRV-SR = heart rate variability stress reactivity.
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Mean (SD) 1SPS 2 Positive IWM 3 Emotion Regulation 4 Age
15PS 48(095)

2 Positive IWM 42(1.27) -0.08

3 Emotion regulation 33(033) -0.07 028

4Age 66(061) 003 017 004

5 Gender 005 028 015 -015

SPS, Sensory Processing Sensitivity: Positive WM, Positive caregiving behaviors internalized by the child as captured by the MCAST Responsiveness-Sensitivity and Warmth dimensions.
Given the sample size, N= 111, correlation values greater than 0.18 are significantly different from zero. According to Cohen (1955, 1992): rivial associations: Flower than r=0.10; moderate
associations: = 25-45; strong association: r equal to or higher than 0.50.
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AIC BIC delta Akaike weights

Models

Model 3 (SPS x Positive IWM) 0.09 57 69 0.00 072

Model 2 (SPS + Positive TWM) 0.06 59 69 191 028
76 84 19.08 000

Model 1 (SPS)

y: Positive IWM, Positive Inner Working Models - internalized caregiving behaviors.

SPS, Sensory Processing Sensiti
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Gender Age University Degree in Academic year

¥ 2 XXX_U Clinical Psychology, MA
# Francisca F 21 XXX_B Communication Science, BA Fifth
e Giada ¥ 2 XXX_B Pedagogy, MA Fifth
#4 Aline F 27 XXX_B Communication Science, BA' Second
#5 Karola F 24 XXX_B Statistical Science, MA Fifth
# Elisa ¥ 2 XXX_B Pedagogy, MA Fifth
#7 Anna ¥ 24 XXX_B Architecture, MA Fifth
8 Gidlio M 2 XXX_U Social Work, MA Fifth

2 Alessandra F 2 XXX_B Pedagogy, MA Fifth
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Positive Reappraisal Putting into Perspective Rumination

b b SE B b b SE B bSE
SPS =>1 Mental Health 0.04 0.003 0.40%*% 0.04 0.003 (g 0.03 0.003 nagees
I CER =>I Mental Health =021 0.04 =0.17%** =024 0.05 —0.17%** 0.22 0.05 0.16%*
T CERx SPS =>1 Mental Health NA =0.004 0.004 =0.03 0.01 0.004 0.10%*
SPS =>§ Mental Health =0.001 0.003 0.04 =0.002 0.003 =0.05 =0.003 0.003 =0.07
I CER =>$ Mental Health 0.01 0.04 0.02 0.001 0.05 0.002 0.06 0.05 0.10
S CER =>$ Mental Health =037 0.19 =022* —0.007 0.17 —0.005 043 0.12 0355
T CERxSPS =>$ Mental Health NA —0.006 0.004 —0.11 —0.008 0.004 =0.14*
S CERx SPS =>$ Mental Health NA =0.03 0.01 =022* =0.02 0.01 =0.18*

Acceptance Self-Blame Positive Refocusing
b SE bSE i} b b SE

$PS =>1 Mental Health 0.04 0,003 0397 0.04 0.003 0375 0.04 0003 0384
1CER =>1 Mental Health -0.20 0.06 ~0.12%% o1 0.05 0.08* -0.16 0.05 ~0.12%
1CERxSPS =>1 Mental Health NA NA NA
$PS =>$ Mental Health ~0.002 003 -004 ~0.002 0.003 -005 ~0.001 0003 ~0.03
1CER =>S Mental Health 0.04 005 0.06 016 013 026 ~0.03 0.05 ~0.06
$ CER =>$ Mental Health NA 167 171 056 -0.09 o1 ~0.08
1CERxSPS =>S Mental Health NA NA Na
S CERxSPS =>$ Mental Health NA NA NA

Blaming Others Catastrophizing Refocusing on Planning

b SE p b SE b bSE (i}

$PS =>1 Mental Health 0.04 0.003 0385+ 003 0.003 034 0.04 0003 04
1CER =>1 Mental Health 005 005 0.03 026 0.05 022 —0.21 005 —0.154%
1CERxSPS =>1 Mental Health 0,003 0,004 003 0.006 0.003 006 0.000 0.004 0.001
$PS=>S Mental Health ~0.004 0003 -009 ~0.004 0.003 -009 ~0.003 0.003 -007
1CER =>S Mental Health 0,009 0.06 001 007 0.04 013 003 004 005
$ CER =>$ Mental Health 037 021 022 031 on 0.26%% ~0.14 012 -0.10
1CERxSPS =>$ Mental Health -001 0.005 ~021%% ~0.006 0.003 -0.13 ~0.006 0.004 ~0.11
S CERxSPS =>$ Mental Health -006 002 ~036++ -002 0.009 ~0217* -0.02 0.008 ~0.16%

SE, standard error; I, intercept; S, slope; SPS, Sensory Processing Sensitvity; CER, Cognitive Emotion Regulation. NA, not available because the paths were not estimated. For brevity; the paths
from the control variables to mental health were omitted. The underlined values in ialics are considered falsely positive when controlling for the inflation of type I error rates.

p<005.

**p<001

+4p<0.001.
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Measurement Timepoint

Gender (n)

Men

‘Women
Other/unidentified
Mean age (SD)

Time 1 Time 2 Time 3
566 (540) 230 (221) 129(116)
650 (629) 343 (335) 215 (203)
17(17) 12(12) 6(6)
202(14) NA NA

Valuesin the brackets indicate the number of partcipants used in the analyses. NA, Not
available because their age was not provided at Time 2 and Time 3.
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Intercept Slope

Mean (SE) Variance (SE) Mean (SE) Variance (SE)

Mental Health L57%%% (0.03) 115%%% (0.04) 0.02(0.02) 0247 (0.03) ~035%+%
Positive Reappraisal 3307+ (0.03) 0,697+ (0.04) 0.01(0.02) 0107+ 0.02) ~022%%
Putting into Perspective 3155 (0.03) 04877 (0.04) ~002(0.02) 0,097 (0.02) ~0.46%+*
Rumination 3387 (0.03) 0.48%% (0.04) ~002(0.02) 0.127% 0.02) —0.42%%
Acceptance 3.54%%% (0.03) 0.42%%* (0.04) NA NA NA

Self-Blame 3447 (0.03) 0,637 (0.04) ~0.002(0.02) 009" (0.03) —039%%
Positive Refocusing 3.05%** (0.03) 0.58°% (0.04) ~0.001 (0.02) 0.18°* 0.03) —051%0%
Blaming Others 278°% (0.03) 0.46*** (0.03) ~0.02(0.02) 0.10%* (0.03) —0.49%+
Catastrophizing 3.03%** (0.03) 0.66%** (0.04) 0.004(0.02) 0,145 0.02) —047%+%
Refocusing on Planning 3.49%%* (0.03) 0.61%** (0.04) ~0.05** (0.02) 0115 0.02) —035%%%

SE, Standard Error. NA, The slope factor was not included in the model because of its negative variance.
*p<01.
+4p<0.001.
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Blaming Others

Without With
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A Loglikelihood £(3)=17.73, p <0.001

The models in bold type were used in the subsequent analyses.
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