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Abstract

Some studies suggest that individuals with ASD have reduced emotional empathy (e.g. Bos & 

Stokes, 2018; Sucksmith et al., 2013) while others do not (e.g. Bellebaum et. al, 2014; Deschamps 

et al., 2014). The presence of co-occurring alexithymia in ASD (e.g. Bird et al., 2010) and 

differences in interoception (e.g. Fukushima, Terasawa, & Umeda, 2011) have been associated 

with reductions in empathic ability. To fully explore the relationships between interoception, 

alexithymia, and emotional empathy, we collected self-report and interview data in 35 youths 

with ASD and 40 TD controls (ages 8–17). The ASD sample had increased alexithymia and 

physiological hyperarousal compared to TD controls, but there were no group differences in 

interoception or emotional empathy. Alexithymia severity correlated with higher personal distress 

in both groups, and with lower empathic concern in the ASD group. Within the ASD group, 

higher incidence of reports of bodily sensation when describing emotional experience correlated 

with lower personal distress and lower alexithymia. Additionally, although empathic concern 

was negatively correlated with alexithymia in the ASD group, across groups, the alexithymia 

hypothesis was supported in only the personal distress domain of emotional empathy. These 

results suggest emotional empathy, personal distress in particular, is not intrinsically impaired in 

ASD.

Lay Abstract:

Empathy, the ability to understand and share the emotions of others, is a necessary skill for social 

functioning and can be categorized into cognitive and emotional empathy. There is evidence to 

suggest that individuals with autism spectrum disorder (ASD) have difficulties with cognitive 

empathy, the ability to imagine how another person is thinking or feeling. However, it is unclear 

if individuals with ASD struggle with emotional empathy, the ability to share and feel emotions 

other’s are experiencing. Self-report and interview data were collected to explore relationships 

between interoception (individuals self-reported awareness of sensation from their body like thirst, 

heartbeat etc), alexithymia (an individual’s ability to describe and distinguish between their own 
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emotions), and emotional empathy, in 35 youth with ASD and 40 typically developing (TD) youth. 

Greater personal distress to others emotions, and greater difficulty describing and recognizing self 

emotions was associated with reporting fewer physical sensations in the body when experiencing 

emotion in the ASD group. The results of the present study suggest that while ASD youth 

with concomitant alexithymia may experience emotional empathy differently, it should not be 

characterized as an absence of a capacity for emotional empathy.
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Introduction

Autism spectrum disorder (ASD) is a condition defined by difficulties in social 

communication, social interaction, and restricted or repetitive behaviors and interests 

(American Psychiatric Association, 2013). Individuals with ASD may have difficulties with 

intention understanding and empathic processing, which are important skills for adaptive 

social emotional functioning. Empathy can be divided into two dimensions 1) cognitive 

empathy; and 2) emotional empathy. Cognitive empathy is the ability to imagine how 

another person is thinking or feeling (de Waal & Preston, 2017); emotional empathy 

describes the ability to share and experience the feelings of others (Davis et al., 1994) 

through embodied simulation (Gallese & Sinigaglia, 2011).

While there is considerable evidence that individuals with ASD have reduced situation 

understanding, mentalizing, and cognitive empathy ability (e.g. Castelli et al., 2002; Frith 

& Happé, 2005; Jolliffe & Baron-Cohen, 1997; Zalla et al., 2009), there is no consensus 

on how emotional empathy is impacted in ASD. Some studies suggest that individuals 

with ASD have reduced emotional empathy ability (Bos & Stokes, 2018; Kasari et al., 

1990; Lombardo et al., 2007; Mathersul et al., 2013; Mazza et al., 2014; Minio-Paluello 

et al., 2009; Schulte-Rüther et al., 2011; Shamay-Tsoory et al., 2002; Sigman et al., 1992; 

Sucksmith et al.; 2013; Trimmer et al., 2017; Yirmiya et al., 1992), while other studies 

do not (Bellebaum et al., 2014; Deschamps et al., 2014; Dziobek et al., 2008; Hadjikhani 

et al., 2014; Markram et al., 2007; Smith, 2009; Rogers et al., 2007; Rueda et al., 2015; 

Schwenck et al., 2012). Inconsistent findings regarding emotional empathy in individuals 

with ASD may be understood from two prominent theories: 1) the interoception hypothesis 

(Fukushima et al., 2011; Grynberg & Pollatos, 2015); and/or 2) the alexithymia hypothesis 

(Bird, et al., 2010).

Interoception, Alexithymia, and Emotional Empathy

Interoception is the sense of the physiological condition of all internal tissues in the body 

(Craig, 2003). Embodied simulation theories of emotion processing stipulate that changes in 

bodily states produce feeling states in the brain, which can modulate empathic behavior 

(i.e., James, 1884; Schachter & Singer, 1962; Damasio, 1994). Interoceptive ability is 

more frequently hypothesized to be related to understanding emotional states, rather than 

cognitive states (Grynberg & Pollatos, 2015; Herbert, et al., 2007; Shah et al., 2017). Thus, 
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the presence of interoception differences may account for discrepant social processing in 

ASD, including emotional empathy (the interoception hypothesis; Quattrocki & Friston, 

2014). Individuals with ASD show variability in interoceptive sensory processing (see 

DuBois et al., 2016 for review), with some studies showing reduced interoceptive ability 

(Fiene & Brownlow, 2015; Garfinkel et al., 2016), others showing enhanced interoceptive 

ability (Schauder et al., 2015), and still others finding no differences or links between 

interoception and autistic traits (Nicholson et al., 2018, Yang et al., 2021a). However, 

research indicates that alexithymia – characterized by difficulties in recognizing, describing, 

and distinguishing one’s own emotions – is linked to difficulties in regulation of physical 

and emotional arousal (Cox et al. 1995), interoceptive ability (Herbert et al., 2011), and is 

highly common in individuals with ASD (~50%; Hill et al., 2004). Others have found that 

interoceptive impairments should not be considered a feature of ASD, but instead due to 

co-occurring alexithymia (Shah et al., 2016a).

The second hypothesis poses that emotional empathy reductions observed in ASD may be 

accounted for by the presence of co-occurring alexithymia (the alexithymia hypothesis; Bird 

& Cook, 2013). Co-occurring alexithymia in ASD has previously been found to account 

for difficulties in various emotion processing tasks including: neural responses to empathy 

paradigms (Bird et al., 2010), skin conductance responses to emotional pictures (Gaigg 

et al., 2018), identification of emotions in faces (Cook et al., 2013; Milosavljevic et. al., 

2016), understanding of vocal affect (Heaton et al., 2012), moral decision-making (Brewer 

et al., 2015), and eye gaze fixation on faces (Bird et al., 2011). Two studies have explored 

the relationship between alexithymia and emotional and cognitive empathy functioning as 

separate constructs, with conflicting findings. In a sample of adults with ASD, alexithymia 

scores predicted an empathic emotion recognition outcome (reading the mind in the eyes), 

but not scores on a theory of mind task (Movie for Assessment of Social Cognition; Oakley 

et al., 2016). However, another study using the Interpersonal Reactivity Index (IRI) self-

report measure in an adult ASD sample observed that even after controlling for alexithymia, 

there was no difference in empathic concern scores compared with control participants 

(Bernhardt et. al, 2014).

The common co-occurrence of interoception abnormalities and alexithymia in ASD, and 

prior findings showing bodily information is important for the interpretation of feeling states 

(Damasio & Carvalho, 2013), suggest it is important to explore the relationship between 

these constructs in ASD. Some argue that alexithymia is the result of a general impairment 

in interoception (Brewer et al., 2016), while others support that interoceptive difficulties 

are a symptom of alexithymia (Shah et al., 2016a, 2017). In typical samples, others have 

found that high autistic traits are associated with higher levels of alexithymia, but not 

empathy or interoception (Yang et al., 2021b). To our knowledge, only one study to date 

has examined the impact of both interoception and alexithymia on emotional empathy in 

individuals with ASD. Mul and colleagues (2018) directly compared TD controls and two 

groups of adults with ASD: those with and without alexithymia. Participants with ASD 

and alexithymia demonstrated lower emotional empathy on the Multifaceted Empathy Test 

(MET) than participants with ASD without alexithymia. Participants with ASD showed 

reduced interoceptive sensibility (self-report) and accuracy (heartbeat tracking) than TD 

controls, and alexithymia scores mediated the relationship between interoceptive sensibility 
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and emotional empathy (on the MET; Mul et al., 2018). Anxiety was not assessed in Mul et 

al. (2018). Due to the high incidence of anxiety disorders in individuals with ASD (Simonoff 

et al., 2008), and the association between anxiety and interoceptive sensibility (Ehlers & 

Breuer, 1992), anxiety symptoms also were investigated in the current study.

Given the discrepant findings of alexithymia and interoception influences on emotional 

empathy in ASD, the purpose of the present study is to: 1) compare youth with ASD 

to TD youth on levels of interoceptive sensibility, alexithymia, and empathy; and 2) 

examine which behavioral variables most strongly influence emotional empathy ability, with 

a particular focus on interoception and alexithymia. We hypothesized that: 1) compared 

to TD controls, participants with ASD would have lower interoceptive sensibility, higher 

alexithymia, and lower cognitive and emotional empathy ability; 2) interoceptive sensibility 

would be positively associated with empathy ability, while alexithymia severity would be 

negatively associated with empathy ability; and 3) alexithymia may account for differences 

in emotional empathy ability in the ASD group.

Methods

Participants

This study was part of a larger study with additional brain imaging and behavioral 

components (Kilroy et al., 2020) and some of the inclusion criteria reflect inclusion criteria 

for the larger study (e.g., right handed, IQ and age restrictions). For the current study, 

participants included youths ages 8 to 17 years (mean age = 11.90 ± 2.16) who were 

typically developing (TD; n = 40, 12 female, mean age = 11.86 ± 2.17) or had a diagnosis of 

ASD (n = 35, 7 female, mean age = 11.95 ± 2.19). Participants were recruited from clinics, 

local schools, word-of-mouth, and social media advertising. A measure of interoceptive 

sensibility (26 TD, 20 ASD) and an interview measure (25 TD, 24 ASD) were collected in 

a subset of individuals because these measures were added after the larger study had been 

initiated. Inclusion criteria for all groups included: IQ > 80 on at least one composite score 

(Verbal Comprehension Index, Perceptual Reasoning Index, Full Scale IQ–2) and composite 

score of at least 75 on the Full Scale Intelligence Quotient (Full Scale IQ–4) as assessed by 

the Wechsler Abbreviated Scale of Intelligence, 2nd edition (WASI-II; Wechsler, 2011); and 

English fluency of child and parent. All participants were right-handed and were born after 

36 weeks of gestation. Each family was informed about study procedures in accordance with 

the protocol approved by the University of Southern California Institutional Review Board 

and written child assent and parental consent were provided. ASD community members 

were not involved in the conception or execution of this study.

TD participants were excluded if they had any psychological or neurological disorder, 

including attention deficit hyperactivity disorder (ADHD) and generalized anxiety disorder. 

They were also excluded if they had a first degree relative with an ASD diagnosis, or 

scored above a T-score of 60 on the Social Responsiveness Scale, Second Edition (SRS-2; 

Constantino & Gruber, 2012). Eligible participants with ASD had a previous clinical 

diagnosis and met criteria on the Autism Diagnostic Observation Schedule, Second Edition 

(ADOS-2; Lord et al., 2000), the Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 

1994), or both, which were administered at the time of the study. Individuals in the ASD 
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group were excluded if they had another diagnosis of neurological or psychological disorder 

with the exception of Developmental Coordination Disorder, ADHD, or generalized anxiety 

disorder, due to the high comorbidity of those conditions with ASD (Mazzone et al., 2012). 

Twelve participants with ASD had prescriptions for psychotropic medication at the time of 

the study (ADHD and anxiety), and no TD participants reported any prescription medication 

use.

Study Measures

The 20-item version of the Childhood Adolescent Symptom Inventory (CASI-Anx; Sprafkin 

et al., 2002), was used to assess symptoms of DSM-IV defined anxiety disorders. On the 

CASI-Anx, among school children, test–retest correlation for the total anxiety sensitivity 

score was 0.76, with a Cronbach’s alpha of 0.87 on two occasions. The 10-item Conners 

third edition ADHD Index (Conners-3AI; Conners, 2008), was used to characterize levels of 

ADHD symptoms. Reliability analyses demonstrate high levels of internal consistency, with 

Cronbach’s alpha ranging from 0.77 to 0.97 (mean Cronbach’a alpha = 0.90), and excellent 

temporal stability, with test-retest correlations ranging from 0.71 to 0.98 (mean r = 0.83, all 

correlations, p < 0.001; Conners, 2008).

Empathy ability was assessed using a modified version of the self-report Interpersonal 

Reactivity Index (IRI; Davis, 1983), with child-appropriate language (Pfeifer et al., 2008). 

On the IRI, original estimates of Cronbach’s alpha coefficients ranged from .71 to .77 

(Davis, 1980) and internal consistency within this range for the four subscales: PT: .63–.81; 

EC: .68–.81; PD: .70–.88; FS: .70–.86 (e.g. Baldner & McGinley, 2014). This work focuses 

on the two aspects of emotional empathy measured by the IRI — empathic concern (IRI EC) 

and personal distress (IRI PD). Trained research staff administered two subtests which make 

up the Social Perception domain: (1) Theory of Mind (ToM) and; (2) Affect Recognition 

(AR) from the Developmental Neuropsychological Assessment (NEPSY-II; Korkman et al., 

2007). The Social Perception domain has adequate internal reliability for 7 to 16-year-olds 

(r = .80 or greater), and test-retest reliability correlations are all above 0.5 for ages 8–16 

(Korkman, Kirk, & Kemp, 2007).

Alexithymia was measured using the 20-item self-report Alexithymia Questionnaire for 

Children (AQC; Rieffe et al., 2006), an adapted version of the Toronto Alexithymia Scale. 

Cronbach’s alphas for difficulty identifying feelings, difficulty describing feelings, and 

externally oriented thinking were .73, .75, and .29, respectively (Rieffe et al., 2006). Given 

the low alpha in externally oriented thinking, three scores were used to assess alexithymia: 

difficulty identifying feelings (AQC ID), difficulty describing and communicating feelings 

(AQC COMM), and the total of these two factors (AQC total; Loas et. al, 2017).

For interoceptive sensibility, the 12-item self-report Body Perception Questionnaire-Body 

Awareness Very Short Form (BPQ-VSF; Porges, 1993, Cabrera et al., 2018) was used to 

assess the subjective awareness of target organs and structures innervated by the autonomic 

nervous system. The 12-item BPQ-VSF was developed by assessing items with the highest 

factor loadings to generate scores with high fidelity to the previous 26-item score (criterion 

Rho = .90). Good internal consistency for an American sample was observed (categorical 

ω = .91), and test–retest reliability was high (ICC = .97; Cabrera et al., 2017). The 
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Physiological Hyperarousal Scale for Children (PH-C; Laurent et al., 2004) was used as 

a measure of frequency of physical experiences associated with physiological hyperarousal 

(alpha coefficient for the scale is .87). Additionally, a semi-structured interview using the 

emBODY tool (Nummenmaa et al., 2014) was developed and administered. This interview 

assessed a participant’s ability to identify somatotopic patterns of physical feeling associated 

with each of the six basic emotions. Each instance of “bodily sensations of emotion” (e.g. “I 

know I am angry because I feel my head getting hot and chest-pounding”) was 1) collapsed 

across all negatively valenced emotions (BSE-neg), and 2) collapsed across all emotions 

(BSE).

Analysis

Group differences between TD and ASD groups were assessed using either two-tailed 

independent samples t-tests or chi-square tests of independence. Pairwise Pearson partial 

correlation coefficients assessed relationships between variables in all participants, the ASD 

group alone, and the TD group alone, while controlling for age, gender, and verbal IQ. In 

order to assess the previously documented influence of alexithymia in relationships between 

interoception and emotional empathy variables in ASD (Mul et al., 2018), additional 

analyses were run which also included AQC total as a control variable in Pearson partial 

correlations. Anxiety symptoms were also controlled for in secondary analyses in the ASD 

group. Scatter plots of correlations were visually analyzed to prevent reporting results driven 

by the presence of outliers. Additionally, Rouder’s Bayes Factors (BF) were calculated for 

each group comparison and correlation to compute the ratio of the likelihood of the null to 

the alternative hypothesis, which can be interpreted as a measure of the strength or weight 
of evidence in favor of a given hypothesis. In other words, where there is an absence of 

evidence (i.e., null p-values) we report Rouder’s Bayes Factors to test if there is evidence of 

the absence of these relationships.

To test both the alexithymia and interoception hypotheses, hierarchical multiple linear 

regression models were used across all participants. Data was centered and behavioral 

variables were entered into a hierarchical multiple linear regression model. The alexithymia 

hypothesis test was entered in the following order: age, sex, WASI-II: VCI, AQC total, 

group. The interoception hypothesis test was entered in the following order: age, sex, 

WASI-II: VCI, BPQ-VSF, group. Significance of alexithymia or interoception as a predictor 

was assessed before and after the addition of “Group” to each model. Homoscedasticity and 

normality of residuals were assessed using scatterplots of residuals and normal P-P plots, 

and tolerance statistic was used to assess independent variables for multicollinearity.

Results

Group Differences: ASD & TD

As expected, significant group differences were observed on the verbal IQ (WASI-II VCI), 

social impairment (SRS-2), ADHD symptomatology (Conners 3AI), anxiety (CASI-Anx), 

and the ToM ability (NEPSY-II ToM total; ps < .05; Table 1). For additional variables of 

interest, significant differences were observed (Table 1) in the NEPSY-II Affect Recognition 

(p = .035), measures of alexithymia (AQC total [p = .039], AQC COMM [p = .034]) and 
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in physiological hyperarousal (PH-C total [p = .012]). In the cognitive empathy domain, 

the ASD group showed nearly significantly less IRI Perspective Taking ability compared 

to the TD group (p = .052; BF = .972). There were no significant group differences, or 

Bayes Factors supporting the alternative hypothesis, in either emotional empathy subscale 

(IRI Empathic Concern, p = .380, BF = 3.965; IRI Personal Distress, p = .247, BF = 3.038), 

measures of interoception (BPQ-VSF, p = .891, BF = 4.501), or in the use of sensation 

responses when describing experiences of emotion (BSE: p = .960, BF = 4.936; BSE-neg: 

p = .453, BF = 3.607). In summary, the ASD group had reduced verbal IQ, facial affect 

recognition, and cognitive empathy/ToM; increased social impairment, alexithymia severity, 

ADHD symptomatology, anxiety, and physiological hyperarousal; and intact interoception 

and emotional empathy skill. Due to the fact that cognitive empathy differences in ASD are 

well established in the literature, all other analyses were performed on relationships in the 

emotional empathy domain, in keeping with the study’s aims.

Partial Correlation: Self-Report Data

Emotional Empathy—Across all participants, alexithymia (AQC) was related to 

emotional empathy in both domains (IRI Personal Distress, IRI Empathic Concern), but 

not always in the hypothesized direction. Across all participants, AQC Communication 

scores were negatively correlated with IRI Empathic Concern (r = −.360, p = .002). This 

relationship was observed again in the ASD group (r = −.470, p = .007; Table 2). However, 

an opposite pattern emerged in the IRI Personal Distress subscale. Across all participants, 

alexithymia scores were positively correlated with IRI Personal Distress (AQC ID: r = .390, 

p = .001; AQC COMM: r = .359, p = .002; AQC total: r = .444, p = .000). This relationship 

was seen in both the TD group (AQC total: r = .367, p = .026; AQC COMM: r = .354, p = 

.032; Table 2) and in the ASD group (AQC ID: r = .399, p = .024; AQC COMM: r = .385, 

p = .030; AQC total: r = .516, p = .002; Table 2). Thus, the presence of alexithymia was 

associated with lower empathic concern, but higher personal distress to others’ pain in ASD 

(Figure 1).

Embodied Variables—There were no significant relationships between interoception 

(BPQ-VSF) and alexithymia (AQC) or empathy (IRI) variables across all participants or 

in either individual group (ps > .05; BFs: 2.42 – 8.66). When AQC total was controlled 

for in the partial correlation, there were no significant relationships between interoceptive 

sensibility and emotional empathy. Across all participants, physiological arousal (PH-C) was 

positively correlated with alexithymia (AQC ID: r = .347, p = .004; AQC COMM: r = .293, 

p = .017; AQC total: r = .391, p = .001), and with IRI PD (r = .255, p = .039). In the 

TD group, the PH-C was positively correlated with both alexithymia (AQC ID: r = .370, 

p = .028; AQC total: r = .384, p = .023; Table 2) and IRI Personal Distress (r = .373, p 
= .027; Table 2). In individuals with ASD, there were no significant relationships between 

the PH-C and emotional empathy variables (ps > .05; BFs: 4.78, 6.16), this remained true 

when AQC total was controlled for in the partial correlation. In the ASD group, there were 

no significant relationships between the PH-C and alexithymia COMM variables (ps > .05; 

AQC COMM: BF = 6.03). However, Bayes Factors did not give substantial evidence for the 

null hypothesis in the identifying emotions subscale and the total score (AQC ID: BF = 2.0; 

AQC total: BF = 1.68).
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There were no correlations found in the TD group between bodily sensation during emotion 

(BSE or BSE-neg) and emotional empathy variables (ps > .05; BFs: 4.55 – 6.49). In 

the ASD group, BSE was significantly negatively correlated with IRI Personal Distress (r 
= −.448. p = .032; Table 2). When the emotions were grouped into a negative valence 

category, a negative correlation was observed with alexithymia (AQC total; BSE-neg: r = 

−.471, p = .036). Results suggest that in the ASD group, greater alexithymia severity and 

higher personal distress were associated with fewer descriptions of physical sensations when 

experiencing emotions. The results are summarized in Figure 1.

Relationships with anxiety—There were no significant correlations between anxiety 

(CASI-Anx scores) and emotional empathy, alexithymia, or interoception in the TD group 

(ps > .05; BFs: 2.34 – 6.37). However, in the ASD group, CASI-Anx scores were positively 

correlated with alexithymia (AQC ID; r = .417, p = .025; AQC total r = .415, p = .025). 

After controlling for anxiety, the relationships between alexithymia and emotional empathy 

variables remained significant. These results suggest that anxiety in the ASD group does not 

account for the differing relationships observed between alexithymia and the two emotional 

empathy subscales. Additionally, no significant relationships between interoception (BPQ-

VSF) and emotional empathy outcomes in ASD were observed when anxiety or alexithymia 

were controlled for.

Hierarchical Regression Analysis

Hierarchical linear regression models were run across all participants to assess whether 

interoceptive sensibility (BPQ-VSF) or alexithymia (AQC total) explained variance in 

emotional empathy outcomes above and beyond the influence of diagnostic group. All 

tolerance statistics for individual predictors were above .50, suggesting little concern for 

multicollinearity. Scatterplots of residuals and normal P-P plots did not indicate the need for 

adjustments based on normality or homoscedasticity.

Variance in neither empathic concern nor personal distress was significantly explained by 

the model, including interoceptive sensibility or any of its individual predictors. This result 

suggests that interoceptive sensibility is not significantly contributing to variance in personal 

distress or emotional empathy scores across all participants.

Variance in empathic concern was not significantly explained by the model including 

alexithymia or any of its individual predictors. However, the model including: age, sex, 

verbal IQ (WASI-II VCI), and alexithymia (AQC total) explained 28.3% of the variance in 

personal distress across participants. The addition of group to this model added a negligible 

amount to the R2 value of model 1 (.003) and group was not a significant individual 

predictor (Table 3). This result suggests that diagnostic group status is not significantly 

contributing to variance in personal distress scores above and beyond alexithymia severity.

Discussion

Interoception, Alexithymia and Emotional Empathy in ASD

In this study, no significant differences in interoceptive sensibility were observed between 

TD and ASD youth. These results are inconsistent with others who find reduced 
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interoceptive sensibility (Elwin et al., 2012; Fiene & Brownlow, 2015), or increased 

interoceptive sensibility in ASD (Garfinkel et al., 2016), although these prior studies were 

completed in adults and methodology for measuring interoceptive sensibility differed in 

some cases. Additionally, no relationships between interoceptive sensibility and empathy in 

ASD were found, even if alexithymia or anxiety was controlled for. Thus, it appears that 

interoceptive sensibility does not differ between ASD and TD youth and does not correlate 

with empathic ability in ASD.

Further, in emBody interviews, youths with ASD were able to describe bodily experiences 

of emotion at the same rate as TD youth, supporting the notion that interoceptive sensibility 

was not impaired in this ASD sample. In the ASD group, higher personal distress to others’ 

emotions was associated with lower descriptions of bodily sensations for negative emotions 

(BSE-neg). Thus, although there may not be reductions in interoceptive sensibility in ASD, 

there is evidence that reduced awareness of interoceptive information during actual emotion 

experience was related to increased alexithymia and personal distress in our ASD sample. 

This aligns with previous studies which find perhaps alexithymia, rather than ASD, is related 

to interoceptive difficulties (Shah et al., 2016a; Yang et al., 2021b).

These results contradict a study by Mul and colleagues (2018), which was completed 

in an adult sample, but used a similar protocol for defining ASD clinical diagnosis and 

IQ inclusion criteria. In their study, participants with ASD showed reduced interoceptive 

sensibility, and that alexithymia scores mediated the relationship between interoceptive 

sensibility and emotional empathy (Mul et al., 2018). By contrast, here we found no 

relationship between either empathic concern or personal distress with interoceptive 

sensibility in the ASD sample, alone, or when accounting for the influence of alexithymia. 

One possible explanation for the discrepancy between the current study and Mul et al. 

(2018) is differences in the measurement of interoceptive ability. Another crucial difference 

was that the current study separated domains of emotional empathy into empathic concern 

and personal distress, while the study by Mul and colleagues (2018) did not distinguish 

between subdomains of emotional empathy. These issues are discussed further below.

Interoception in ASD

While many studies have found no significant differences in cardiac interoceptive accuracy 

between TD and ASD groups (Mash et al., 2017; Nicholson et al., 2018; Schauder et 

al., 2015; Shah et al., 2016a; Shah et al., 2016b), several reports suggest differences in 

self-reported interoceptive awareness, reflecting diminished attention to and interpretation of 

interoceptive cues (Fiene et al., 2018; Fiene & Brownlow, 2015; Garfinkel et al., 2016; Mul 

et al., 2018). Garfinkel et al. (2016) found that individuals with ASD actually had an inverse 

relationship between self-reported interoceptive awareness and experimentally measured 

interoceptive accuracy on a heart-beat tracking task; the more confident a rater was about 

their interoceptive awareness, the worse they performed on an interoceptive accuracy 

task. These results indicate that individuals with ASD may have a particular difficulty 

in accurately reporting their interoceptive ability on questionnaires, which may impact 

inconsistencies in results. This discrepancy could impact social–emotional functioning in 

ASD by increasing the likelihood of incorrect interpretation of one’s own interoceptive 
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cues (Failla et al., 2020). Self-reported global interoceptive awareness may be related to 

impaired multisensory integration and cognitive-affective control, resulting in increased 

hyper-vigilance toward bodily signals (Wang et al., 2020), which aligns with our finding of 

higher physiological hyperarousal in the ASD group. Interestingly, the interview assessment 

– which uses experimenter-led questioning about frequency, location, and intensity of 

physical sensation experienced during multiple emotional states – is negatively correlated 

with personal distress and alexithymia. The assessment format itself, which probes a 

participant to recall situations that elicited emotions and to reflect on specific emotionally 

salient experiences rather than global body awareness, may allow for easier and more 

accurate reporting of awareness of bodily signals.

Personal Distress and Empathic Concern

In this study, no significant differences between TD and ASD groups were observed in either 

emotional empathy subscore. An unexpected outcome of this study was the two inverse 

patterns observed with alexithymia across the different domains of emotional empathy. A 

key difference between the current study and the work of Mul and colleagues (2018) (and 

others e.g. Shah et al., 2019) was that these studies did not separate emotional empathy 

into the two components of personal distress and empathic concern, as was performed 

here. Mul and colleagues (2018) results indicate that those with alexithymia have lower 

emotional empathy than participants with ASD without alexithymia. Here, when including 

two seperate emotional empathy domains, we find that while correlation analyses show 

that alexithymia is related to reduced emotional empathy in ASD in the empathic concern 

domain, the opposite pattern is true in the personal distress component of emotional 

empathy. The divergent patterns in personal distress and empathic concern could account for 

previous discrepant findings regarding emotional empathy ability in ASD. The results point 

to a measurement and operational definition issue when combining the two subscales as part 

of one construct. Some studies that refer to emotional empathy in ASD are only referring to 

the empathic concern domain (e.g. Dzobiek et al., 2008; Trimmer et al., 2017), while other 

studies consider characteristics of both personal distress and empathic concern together as a 

measure of emotional empathy ability on measures like the Multifaceted Empathy Test (e.g. 

Mazza et al., 2014, Mul et al., 2018).

Hierarchical regression demonstrated that alexithymia predicted personal distress above and 

beyond ASD group membership. Although this is the opposite direction of the original 

alexithymia hypothesis (higher alexithymia, lower emotional empathy), it does support the 

idea that alexithymia is associated with potentially maladaptive experiences of empathy. 

Personal distress is an index of emotional empathy that refers to the tendency to feel 

personal pain when exposed to the tension, pain, or suffering of others. While this is an 

aspect of greater emotional empathy, it is also associated with maladaptive outcomes, such 

as ruminative coping, neuroticism, depression, self-criticism, and negative self-concept (Kim 

& Han, 2018). Similar to the results of the current study, Kim and Han (2018) suggest that 

personal distress could block empathic interaction and prosocial behavior by encouraging 

avoidance of overwhelming emotions from others’ suffering. Although, to our knowledge, 

the relationship between alexithymia and personal distress has not been specifically explored 

previously in individuals with ASD, the link between alexithymia severity and higher 
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personal distress has been observed in non-clinical samples with schizotypy and autism 

traits (Aaron et al., 2015), TD participants (Grynberg et al., 2010; Moriguchi et al., 2007), 

and individuals diagnosed with either major depressive disorder (Banzhaf et al., 2018) or 

eating disorders (Brewer et al., 2019). Consistent with these findings, the current results 

suggest that alexithymia is marked by reduced ability to engage in other-oriented empathic 

concern, and an increased tendency towards self-oriented personal distress when exposed 

to another’s suffering. These findings reveal the need for specificity about what aspects of 

emotional empathy are being measured in ASD, and for a larger conversation regarding the 

narrative used to characterize empathy ability in ASD, which is reviewed below.

Empathy in ASD

The current study found intact emotional empathy ability, and reduced cognitive empathy in 

a sample of ASD youth. In a recent editorial written by Fletcher-Watson and Bird (2019), 

the authors argue that significant effort should be made to separate the social, emotion 

processing, and normative social behavioral processes that surround the phenomenon of 

empathy. Conflation of these terms can result in the belief that reduced capacity for 

emotional empathy is a central feature of ASD. Based on this study and previous studies, 

atypical emotional empathy may actually be a feature of alexithymia and not ASD (e.g. 

Bird & Cook, 2013; Brewer et al., 2015; Oakley et al., 2016). Additionally, the results 

of the current study suggest that for those with alexithymia and ASD, while we do see 

lower empathic concern, at the same time we find an increase in personal distress to others’ 

pain. Thus, individuals with alexithymia and ASD may have an increased resonance with 

other people’s distress, but less other-oriented empathic concern that may be prosocially 

expressed.

A major point reviewed by Fletcher-Watson and Bird (2019) is how ingroup-outgroup 

status of individuals with ASD impacts the way empathic ability in ASD is conceptualized. 

What has been described as the “double empathy problem” (Milton, 2012) is supported 

by evidence that TD individuals less accurately judge emotional expressions of individuals 

with ASD (Edey et al., 2016; Sheppard et al., 2016) and that interactions of two individuals 

with ASD are rated higher in terms of rapport than interactions than with ASD/TD pairs, 

by both the participants and diagnosis-blind observers (Crompton et al., 2020). Normative 

behavioral responses to emotional signaling of others are dictated by societal expectations 

defined by the non-ASD majority. In situations of others’ emotional display, individuals 

with ASD may appear to lack feelings of empathy, when in reality they are experiencing 

empathy, but not following the same rules of behavioral responding as a typically developing 

person (Fletcher-Watson & Bird, 2019). In fact, writings by individuals on the spectrum 

describe intense empathic hyperarousal (Elcheson et al., 2018; Williams, 1998), and other 

work indicates that object personification and anthropomorphism in individuals with ASD 

could cause empathic responses to more targets than in TD individuals (Clutterbuck et 

al., 2021; White & Remington, 2019). The consequences of these misattributions can have 

harmful effects on the ASD community. The belief in lack of empathy has facilitated 

work associating autism with extremist terrorism (Palermo, 2013), and with experiences of 

dehumanization in individuals with ASD (Yergeau, 2013). The findings of this study are 

supported by many of the issues raised by Fletcher-Watson and Bird (2019) about emotional 
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empathy in ASD, and implicate a need for clear definitions, greater use of measures 

that probe individual experiences of empathy, characterization of potential subpopulations 

within ASD samples, and require reflection on the part of the researchers responsible for 

disseminating work perpetuating the narrative that empathy is unilaterally absent in ASD.

Limitations and Future Directions

There are many limitations to consider when interpreting the current findings. First, 

individuals diagnosed with ASD make-up a very heterogeneous population; the relatively 

small sample size in this study limits generalization to the whole spectrum of ASD. This 

study included participants ages 8–18 years with ASD who are verbal and have normal 

range IQ; therefore, the results may or may not apply to individuals on the spectrum 

with less verbal or intellectual abilities or to those in other age groups. Since some of 

our main variables of interest can only be measured in individuals who are verbal, future 

studies should further investigate the influence of verbal IQ on the relationships reported 

here. Additionally, the AQC was used to measure alexithymia in youth; however, like 

the TAS-20 (Bagby et al., 1994), this questionnaire captures more cognitive aspects of 

alexithymia, including identifying and communicating emotions, but does not measure 

additional emotionalizing aspects which should also be explored in ASD.

Secondly, many of the measures used to capture interoception, alexithymia, and empathy 

ability, are self-report measures. Accurate self-report can be particularly for individuals 

with ASD who may have difficulty with metacognition and self-referential insight. For this 

reason, we also included the experimenter-led emBody interview in the study. Future studies 

should examine these questions in a larger and more heterogeneous sample of participants 

with ASD, employ more observational and standardized measures when possible, and 

include the multidimensional emotional aspects of alexithymia, including emotionalizing 

and fantasizing.

Conclusions

The current study found intact emotional empathy ability and interoceptive sensibility, 

increased alexithymia severity, and reduced cognitive empathy/ToM ability in a sample of 

ASD youth. Major findings include: 1) alexithymia was associated with lower empathic 

concern and higher personal distress in individuals with ASD; 2) In the TD group, 

physiological hyperarousal (but not interoceptive sensibility) was positively correlated with 

both alexithymia and personal distress and 3) in the ASD group, higher personal distress 

and greater alexithymia severity, was associated with reporting fewer physical sensations in 

the body during emotion experience; 4) alexithymia predicted personal distress above and 

beyond ASD group membership, showing support for the alexithymia hypothesis for the 

personal distress domain of emotional empathy. An important takeaway from this work 

is the need for exploring the two domains of empathic concern and personal distress 

separately when examining alexithymia and interoception in ASD. The divergent patterns 

in personal distress and empathic concern may account for previous discrepant findings 

regarding emotional empathy ability in ASD. Future work should be cautious of conflation 

of empathy with other social cognitive processes, and dissemination of work should use 
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care when reporting the implications of the results for the ASD community. The results of 

the present study suggest that while ASD youth with concomitant alexithymia report lower 

empathic concern, they do not lack empathy altogether, but rather experience an increase in 

personal distress to others’ pain; this may result in avoidance rather than prosocial action, 

but should not be characterized as an absence of a capacity for empathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Summary of Relationships with Emotional Empathy Domains. PH-C = Physiological 

Hyperarousal Scale for Children Total; BSE = bodily sensation during emotion.
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Table 1.

Descriptive Statistics and Group Comparisons of Behavioral Data

Variable TD ASD t p BF

M SD M SD

Age 11.86 2.17 11.95 2.17 −0.18 0.86 5.60

WASI-II: FSIQ-4 114.85 12.9 109.29 17.76 1.57 0.12 3.55

WASI-II: VCI 114.95 12.29 105.80 19.12 2.43 0.02* 0.35

SRS-2 46.63 5.00 75.83 8.89 −17.79 <0.00* 0.00

Conners 3AI 47.65 9.01 84.91 8.45 −18.22 <0.00* 0.00

AQC ID 0.45 0.34 0.62 0.46 −1.76 0.08 1.40

AQC COMM 0.62 0.46 0.86 0.49 −2.17 0.03* 0.68

AQC total 6.28 4.21 8.40 4.53 −2.10 0.04* 0.77

IRI PT 15.40 5.44 12.86 5.70 1.98 0.05 0.97

IRI FS 17.43 5.54 16.57 5.74 0.66 0.52 4.66

IRI EC 18.33 5.04 17.23 5.71 0.88 0.38 3.97

IRI PD 12.55 5.08 13.94 5.25 −1.17 0.247 3.04

IRI Total 63.95 13.78 60.60 14.57 1.02 0.310 3.51

NEPSY-II AR 11.15 2.48 9.88 2.51 2.15 0.04* 0.69

NEPSY-II ToM 25.08 1.65 23.17 3.06 2.98 0.01* 0.08

CASI-Anx 24.90 4.91 36.97 8.59 −7.08 <0.00* 0.00

PH-C 25.68 5.88 30.81 9.50 −2.62 0.01* 0.20

BPQ-VSF 27.46 13.11 26.95 11.68 0.14 0.89 4.50

BSE 3.24 1.99 3.27 2.13 −0.05 0.96 4.94

BSE-neg 2.48 1.09 2.74 1.29 −0.76 0.45 3.61

Note. Group differences between TD and ASD groups. WASI-II: FSIQ-4 = Wechsler Abbreviated Scale of Intelligence, Second Edition: 
Full Scale IQ; WASI-II: VCI = Wechsler Abbreviated Scale of Intelligence, Second Edition: Verbal Comprehension Index; WASI-II: PRI = 
Wechsler Abbreviated Scale of Intelligence, Second Edition: Perceptual Reasoning Index; SRS-2 = Social Responsiveness Scale, Second Edition; 
Conners-3AI = Conners 3 ADHD Index; AQC ID = Alexithymia Questionnaire for Children Identifying Emotions Subscale; AQC COMM = 
Alexithymia Questionnaire for Children Communicating Emotions Subscale; AQC total = Alexithymia Questionnaire for Children 2 factor total; 
IRI PT = Interpersonal Reactivity Index Perspective Taking Subscale; IRI FS = Interpersonal Reactivity Index Fantasy Subscale; IRI EC = 
Interpersonal Reactivity Index Empathic Concern Subscale; IRI PD = Interpersonal Reactivity Index Personal Distress Subscale; IRI Total = 
Interpersonal Reactivity Index Total Score; NEPSY-II AR = The Developmental Neuropsychological Assessment Affect Recognition Subscale; 
NEPSY-II ToM Total = The Developmental Neuropsychological Assessment Theory of Mind Subscale; CASI-Anx = Childhood Adolescent 
Symptom Inventory Total; PH-C = Physiological Hyperarousal Scale for Children Total; BPQ-VSF = Body Perception Questionnaire-Body 
Awareness Very Short Form Total; BSE = bodily sensation during emotion; BSE-neg = bodily sensation during negative emotion.

*
p < .05
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Table 2

Correlations With Emotional Empathy Scores

Variables Empathic Concern Personal Distress

TD ASD TD ASD

r p BF r p BF r p BF r p BF

SRS-2 0.21 0.22 5.55 −0.02 0.93 7.57 −0.05 0.78 8.02 0.08 0.68 4.69

Conners-3AI 0.06 0.71 7.37 0.12 0.54 5.91 0.13 0.46 3.85 −0.27 0.15 3.43

AQC ID −0.04 0.83 7.93 −0.10 0.58 6.91 0.23 0.17 1.51 0.41 0.02* 0.09

AQC COMM −0.25 0.13 3.19 −0.47 <0.01* 0.64 0.32 0.05 1.12 0.40 0.02* 0.75

AQC total −0.16 0.35 5.62 −0.20 0.27 4.97 0.36 0.02* 0.84 0.52 0.00* 0.04

NEPSY-II AR 0.08 0.65 5.69 0.07 0.72 6.81 0.19 0.27 1.03 0.00 1.00 7.28

CASI-Anx 0.22 0.19 3.73 0.18 0.34 4.52 0.28 0.10 2.34 0.29 0.12 1.12

PH-C 0.13 0.47 6.10 0.16 0.41 4.78 0.37 0.02* 0.54 0.04 0.84 6.16

BPQ-VSF −0.01 0.97 6.48 0.02 0.93 5.82 −0.16 0.46 3.37 −0.30 0.25 3.43

BSE −0.26 0.20 5.55 0.21 0.34 3.62 −0.19 0.37 6.10 −0.45 0.03* 1.89

BSE-neg −0.33 0.13 4.55 0.19 0.42 4.12 −0.11 0.62 6.49 −0.41 0.07 2.86

Note: Correlations with emotional empathy subscales. SRS-2 = Social Responsiveness Scale, Second Edition; Conners-3AI = Conners 3 
ADHD Index; AQC ID = Alexithymia Questionnaire for Children Identifying Emotions Subscale; AQC COMM = Alexithymia Questionnaire 
for Children Communicating Emotions Subscale; AQC total = Alexithymia Questionnaire for Children 2 factor total; NEPSY-II AR = The 
Developmental Neuropsychological Assessment Affect Recognition Subscale; CASI-Anx = Childhood Adolescent Symptom Inventory Total; 
PH-C = Physiological Hyperarousal Scale for Children Total; BPQ-VSF = Body Perception Questionnaire-Body Awareness Very Short Form Total; 
BSE = bodily sensation during emotion; BSE-neg = bodily sensation during negative emotion.

*
p < .05
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Table 3

Summary of Hierarchical Regression Analysis for IRI Personal Distress Across Groups

Variable

Model 1 Model 2

B SE B β p B SE B β p

Age −0.16 0.24 −0.07 0.51 −0.17 0.25 −0.07 0.50

Sex 3.28 1.22 0.28 0.01 3.36 1.24 0.29 0.01

WASI-II: VCI −0.04 0.03 −0.12 0.25 −0.03 0.03 −0.10 0.35

AQC total 0.48 0.12 0.42 <0.01 0.46 0.12 0.41 <0.01

Group 0.59 1.14 0.06 0.61

Model p <0.01 <0.01

R2 0.283 0.286

Change in R2 0.003

Note: WASI-II: VCI = Wechsler Abbreviated Scale of Intelligence, Second Edition: Verbal Comprehension Index; AQC = Alexithymia 
Questionnaire for Children.
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