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Abstract

Objective

The purpose of the study is to analyses the relationship between interoceptive sensibility

and somatoform disorders among persons with Autism Spectrum Disorder (ASD). It has

been assumed that the interoceptive sensibility is accompanied by a high level of alexithy-

mia and emotion dysregulation in somatoform disorders.

Methods

Persons under the care of the foundation helping people with ASD were asked to partici-

pate in the study. In total, 205 people took part in the research. The participants aged

from 18 to 63 (M = 34.91; SD = 8.44). The ASD group comprised 79 persons (38.5% of

subjects). The control group comprised 126 individuals (61.5% of subjects). Participants

completed self-report questionnaires measuring autism (AQ), interoceptive sensibility

(BPQ), alexithymia (TAS20), emotional dysregulation (DERS), and somatoform disorder

(SDQ).

Results

The analyses showed a moderation effect of the group, which indicates the existence of a

relationship between interoceptive sensibility and somatoform disorders to the greater

extent in the clinical group than in the control group. In addition, the serial multiple media-

tion model analysis allowed to verify the mediating effect of emotion dysregulation and

alexithymia on the abovementioned relationship. The indirect effect, which assumed the

mediating role of alexithymia turned out to be significant, contrary to the indirect effect

where emotion dysregulation was a mediator in a situation where both variables were

applied simultaneously.
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Conclusions

Interoceptive sensibility correlated with level of alexithymia, in particular, difficulties in identi-

fying and verbalizing emotions and emotion dysregulation in the lack of emotional aware-

ness and lack of emotional clarity and is associated with somatoform disorders in the

investigated group regardless of participants’ belonging to the ASD or control group.

Introduction

The purpose of the study is to verify dependencies between interoceptive sensibility and soma-

toform disorders in adults with Autism Spectrum Disorder (ASD). The main diagnostic fea-

ture of somatoform symptoms is the presence of physical symptoms, causes of which cannot

be found in biological factors. Somatoform disorders often include sensory disorders or the

loss of functions of specific organs, whose symptomatology implies the presence of somato-

form or neurological disease which, in fact, cannot be diagnosed. Somatoform symptoms may

occur both in the form of positive and negative symptoms. Negative somatoform symptoms

refer to the impaired functioning of basic sensory functions or modalities, for example motion

disorders, such as temporary paresis, paralysis, sensory disturbances, including vision, hearing,

taste, smell, touch, pain, temperature or deep (proprioceptive) sensation. On the other hand,

positive somatoform symptoms may be manifested as excessive activity, for example involun-

tary movements, intrusions in the form of taste, scent, feeling of body interaction or chronic

pain, digestive system disorders, etc. The main criteria of somatoform disorders according

with DSM– 5 are medically unexplained physical symptoms resulting in significant

impairment to daily life [1]. Considering the etiology of these disorders, much importance is

attached to the specific configuration of personality features. Numerous studies focus on the

fact that somatoform symptoms presented by people may result from disorders in the cogni-

tive processing of experienced body signals, affect and emotions [2–4].

Interoception

Individuals, who have difficulty recognizing and verbalizing emotions, also experience prob-

lems with identifying and differentiating body conditions and functions such as heartbeat,

breathing, body temperature, fatigue, hunger, thirst, satiety, muscle tension or pain [5].

Research demonstrates that the mechanism responsible for our emotional awareness signifi-

cantly overlaps with the neural systems supporting our interoceptive awareness (IA) [6–11].

Craig [6, 7] suggested an broad approach to interoception as a system for perceiving somatic

sensations such as heart rate, respiratory effort, fatigue, hunger, thirst, satiety, but also tempera-

ture, muscle tension, pain or itching (most frequently considered as exteroceptive information),

as well as the representation of internal condition in the context of current activities [8]. Intero-

ception refers to the ability to accurately perceive internal bodily processes, which comprise

receiving, processing, and integrating body-relevant signals, together with external stimuli.

Individual differences in interoception can be divided into three distinct dimensions: interocep-

tive accuracy (performance on objective tests of interoceptive accuracy), interoceptive sensibil-

ity (self-reported beliefs concerning one’s own interoception) and interoceptive awareness (a

metacognitive measure indexed by the correspondence between interoceptive accuracy and

interoceptive sensibility) [10, 11]. The notion of interoceptive accuracy describes our capacity

for identifying internal body sensations, whereas the notion of interoceptive sensibility applies
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to our capacity for focusing on internal sensations and to take them into consideration, also

from a cognitive point of view. In the light of present studies, interoception is associated with

experiencing emotions, processing emotional stimuli, and activation of brain structures respon-

sible for monitoring signals which come from the body, indicating the physiological and emo-

tional condition [12]. There is increasingly more empirical evidence showing interoception as

the basis of motivation, emotions, social cognition, and human self-awareness [5].

Alexithymia and emotional dysregulation

Alexithymia, as found by many studies, is linked to non-secure attachment, especially emo-

tional neglect in early childhood [13]. The exchange and social relationships in early life are

essential for the emotional development of a child and later an adult. Schore [14] claims that

especially important is the impact of attachment communication on the development of the

right hemisphere involved in emotional processing, dealing with stress, self-regulation and

shaping bodily-based implicit self. In the case of non-secure attachment, it is not only the dis-

turbed psychological and emotional development, as has been pointed out so far, but also the

inappropriate neurobiological development [14]. Experiences in a period critical for the devel-

opment of a child’s brain are encoded in rapidly developing right hemisphere (its frontal area

in particular), affecting the ability to process negative emotions [15] or establishing a satisfac-

tory relation between outside world and the self [16]. It is imperative to relate the child and

caregiver to mutual responsiveness that takes the form of emotional tuning of the parent and

child. Extremely important in this process are co called signified emotional responses, which

mean that a parent adjusts to the child’s emotional condition, expressing the same emotion

but supplemented by signals which indicate that it is the reflection of the child’s condition, and

not the expression of the parent’s pure emotions. The repetition of such situations enables the

child to develop their own sense of Self, in particular, the awareness of own emotions. Those

“signified” parent’s emotional responses are fundamental to the development of the child’s

ability to accurately differentiate the physiological correlates of emotions, name emotions and

regulate emotions. Experiencing a parent as unavailable and insensitive to the signals coming

from the child for many years results in feeling chronic negative emotions, such as fear, anger

or sadness. It is alexithymia that constitutes a persistent personality factor fostering deficits in

the cognitive analysis of emotional arousal.

The main characteristics of alexithymia include (1) difficulty identifying feelings and distin-

guishing between feelings and bodily sensations of emotional arousal, (2) difficulty describing

feelings to other people, (3) reduced capacity to fantasize and to imagine, (4) stimulus-bound,

externally oriented cognitive style [17, 18], and, more recently, (5) low perspective-taking, as

well as difficulty understanding and describing the emotions of others [19]. Emotion dysregu-

lation includes difficulties in identifying and describing feelings, difficulties in distinguishing

feelings from the bodily sensations of emotional arousal, impaired symbolization, as evidenced

by the scarceness of fantasies and other imaginative activity, and a tendency to focus on exter-

nal events rather than inner experiences (specific thought). According to Gratz and Roemer

[20] emotional dysregulation is a multi-faceted construct involving: a lack of awareness,

understanding, and acceptance of emotions; a lack of access to adaptive strategies for modulat-

ing the duration and/or intensity of aversive emotional experiences; an inability to control

behaviors when experiencing emotional distress; and an unwillingness to experience emo-

tional distress. It has also been conjectured that failure to experience complex emotional states

is associated with exaggerated or dysregulated autonomic activation [21].

People who have difficulty processing their negative and positive emotions are more vul-

nerable to developing psychopathological symptoms [22]. One of the mechanisms that may be
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responsible for the above is the asymmetry typical of people with high levels of alexithymia in

experiencing negative over positive emotions. Negative emotions include anxiety, fear, con-

tempt, disgust, anger, irritability, guilt or depression [22]. It is worth adding that individual

differences in relation to negative vs. positive asymmetry are stable over time and trans-situa-

tional [22]. As a consequence, this entails problems with the regulation and self-regulation of

emotions. As was noted above, an essential assumption underlying alexithymia theory is the

fact that alexithymic individuals lack mental representations of emotions due to a deficit in the

cognitive processing of these [23, 24]. The alexithymic individuals have limited capacities to

use cognitive mechanisms to understand and regulate emotions lead them to focus on, amplify

and misinterpret the bodily sensations accompanying emotional arousal. Porcelli and Taylor

[25] have suggested that a failure to regulate and modulate stress-related emotions at the cog-

nitive level may result in exaggerated physiological and behavioral responses to stressful situa-

tions and an increased vulnerability to disease [26].

Several studies indicate that one of the neuronal correlates of alexithymia is reduced

neuronal activity in the emotional attention system, which includes the amygdala, fusiform

gyrus and occipital cortex. Since the amygdala is involved in triggering emotional reactions

and initiating ANS changes [25] the reduced activity of the amygdala in response to emo-

tional stimuli will lead to a limited physiological response and disturbed somatosensory

remapping. Persons who have difficulty identifying feelings may also have less access to

information coming from the body, on which they could base spontaneous emotional reac-

tions [26]. Kano et al. [27, 28] showed that persons with high levels of alexithymia present

higher levels of anxiety and higher levels of adrenaline during visceral stimulation than

people without alexithymia. The authors hypothesized that alexithymic individuals are

more sensitive to unpleasant sensations from the body, and their higher autonomic reactiv-

ity is manifested in the increased activity of the right insula.

Interoception, alexithymia and dysregulation emotion

In accordance with the adopted approach, factors, which foster somatization, include

impairment interoception and alexithymia, understood as a disturbance in cognitive analy-

sis and reinterpretation of stimuli both from the body and from the environment, as well

as emotion dysregulation favoring the condition of continuous, chronic agitation of organ-

ism. An individual, who is unable to handle the excess of uninterpretable somatic condi-

tions, high level of affective arousal, may cope using maladaptive defense mechanisms.

Alexithymia may compound maladaptive behaviors. Such role of alexithymia has long

been emphasized by Porcelli and Taylor [25] and by Lane [29]. A recent meta-analysis by

De Gucht and Heiser [30] has demonstrated a small to moderate association between alex-

ithymia and different self-report measures of somatization (e.g., health complaint scales;

reflect = 0.23). The existing studies examining alexithymia in patients with somatoform

disorders have yielded generally consistent evidence of increased levels of alexithymia in

somatoform disorders.

Brewer et al. [31] investigated the association between alexithymia and self-reported non-

affective interoceptive ability, as well as the extent to which people perceive a similarity

between affective and non-affective states, in both control individuals and individuals report-

ing a diagnosis of a psychiatric condition. The findings showed that alexithymia was related to

poor non-affective interoception and increased perceived similarity between affective and

non-affective states, in both normal and clinical populations. Those with alexithymia not only

have difficulty recognizing their own emotions (affective interoception) but also confuse these

states with non-affective interoceptive states, such as hunger, tiredness, and arousal.
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Numerous studies [32–35] have supported the coexistence of impairment interoception

and alexithymia in the context of somatosensory amplification, i.e. exaggerated sensibility and

excessive concentration on somatic sensations, and their misinterpretation [32] Messina et al.

[33] indicate that the reception of body signals in alexithymia may be related to somatosensory

amplification (SA). SA has been characterized as: 1) excessive attention and hyper-vigilance to

somatic symptoms; 2) exaggerated sensitiveness to physical sensations; 3) misinterpretation of

physical sensations interpreted as a sign of disease. Somatosensory amplification and somatiza-

tion are generally associated with difficulty identifying and describing feelings (but less so with

externally oriented thinking style) [33].

Barsky [34] defines this phenomenon as a tendency to feel the body tense, and its condition

distressing, as well as an individual’s tendency to focus on unpleasant somatic sensations,

assign them a more pathological meaning than it actually is, and interpret them as the evidence

of disease conditions. Such mechanism may operate on a vicious circle basis, thereby reinforc-

ing deficits typical for alexithymia, i.e. difficulty in identifying and naming the sensations, lead-

ing additionally to the condition of chronic ANS arousal, impairment interoception. Dragoş
and Tănăsescu [35] emphasize that the phenomenon of somatosensory amplification occur-

ring in alexithymic individuals is strongly related to the mechanism of somatization, which, in

their opinion, may be perceived as a cognitive disorder resulting from excessive perception of

body sensations and their cognitive interpretation as a sign of disorder. The individual per-

ceives many situations as threatening, which leads to chronic ANS arousal, hormonal stimula-

tion, and it may finally result in further health problems. Typical for this type of somatic

disorders is high variability of symptoms that a suffering individual complains about. Ailments

may last for years and originate from different systems: digestive, cardiovascular, genitouri-

nary, as well as they frequently affect skin, muscles and joints. They may include such symp-

toms as accelerated heartbeat, excessive sweating, dry mouth, flushing, gastrointestinal

disorders, difficulty breathing, and chest discomfort. Typical for many persons is also persis-

tent psychogenic pain, i.e. pain which may persist for numerous months, but cannot be

explained by any disease process within the body.

Alexithymia, interoception and autism spectrum disorders

Autism Spectrum Disorders (ASD) is a neurodevelopmental disorder characterized by difficul-

ties with social communication and interaction, and restricted or repetitive patterns of behav-

ior or interests [1]. Following the publication of the DSM-5 [1], a view of and approach to

autism was developed positing it on a spectrum, no longer seen as a categorical condition. The

term ‘spectrum’ is used for the reason of the heterogeneity in the presentation and severity of

ASD symptoms, as well as in the skills and level of functioning of individuals with ASD [36]. It

is now clear that genetic factors play a predominant role in its etiology [37]. Persons with

autism spectrum present difficulties in social communication, which, according to many

researchers, is related to deficits in emotion processing. This particularly refers to recognizing

emotions in others or a decreased level of empathy [38]). Hill, et al., [39] have also supported

that individuals with autism spectrum disorders have significantly greater difficulties in identi-

fying and naming emotions than persons from general population.

A study by Leonardi et al., [40] found that parents of children with ASD show higher level

of alexithymia, as measured with Toronto Structured Interview for Alexithymia, than children

of neurotypical parents. Alexithymia, disrupting the appropriate recognition and understand-

ing of emotions, including those expressed by facial expression, results in the misuse of emo-

tions as important sources informing about the mental state and relationships with other

people, and thus contributes to an increase in the number of stressful and stress-inducing
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situations. A significant amount of data indicates a relationship between alexithymia and inter-

oception [31] also in relation to persons with autism [41]. At the anatomical level, alexithymia

and interoception are associated with impairment functioning of the same brain areas: insular

cortex and cingulate cortex–the processing of emotions and the processing of interoceptive

signals take place within the same neural system [31].

Researchers suggest that the impairment of interoception processes in ASD is caused by abnor-

malities in the way current experience updates predictions for the future [42]. Garfinkel et al. [11]

demonstrated that individuals with ASD have reduced interoceptive accuracy (quantified using

heartbeat detection tests) and exaggerated interoceptive sensibility (subjective sensibility to inter-

nal sensations on self-report questionnaires), reflecting an impaired ability to objectively detect

bodily signals alongside an over-inflated subjective perception of bodily sensations. The diver-

gence of these two interoceptive axes can be computed as a trait prediction error. This error corre-

lates with deficits in emotion sensibility and occurrence of anxiety symptoms. They believe that

these results indicate an origin of emotion deficits and affective symptoms in ASD. Atypical forms

of interoceptive awareness have been noted in people who suffer from both alexithymia and ASD

[43]. It has been advanced that alexithymia could be correlated with the atypical interoception

which is noted in people suffering from ASD [36, 41, 44]; this might be reflected in their difficul-

ties understanding their bodily states, as well as theirs and others’ emotions [36, 45].

Dissociation, alexithymia-regulation of emotions and somatization

Muskens et al. [46] conducted a meta-analysis to verify the prevalence of somatic disorders in

people with attention deficit hyperactivity disorder (ADHD) and ASD. The main finding of

this systematic review is that medical disorders in children with ASD and ADHD appear to be

widespread, e.g., can manifest themselves across different medical areas, such as immunology,

neurology, and gastroenterology. They suggest that these children require multidisciplinary

medical services, including psychiatric help [46]. On the other hand, it has been proposed that

certain features of ASD symptomatology may predispose this population to an increased risk

of cumulative stressful life events and trauma exposure, and subsequent development of post-

traumatic stress disorder (PTSD) [47–50]. Following exposure to trauma, PTSD may and does

develop in certain individuals with ASD [50], with PTSD diagnosis found to be associated with

suicidal thoughts and attempts within this population [51, 52]. Taylor and Gotham [50] sug-

gest that contextual factors such as trauma might be important for the development of mood

symptomatology in individuals with ASD. Mood and anxiety disorders are the most wide-

spread psychiatric comorbidities in adolescents and adults with ASD [50].

Dissociation in the setting of chronic trauma is considered to be a coping strategy, at least

initially. In the setting of childhood trauma, dissociation is thought to be a self-protective sur-

vival technique in which a child (or adult) slips into a dissociative state in order to escape fully

experiencing trauma that is unbearable [53]. However, developmental mood and anxiety dis-

orders, PTSD or physical symptoms strengthen psychological consequences of experienced

traumas; in fact, they demonstrate symptoms that are distressing and confusing and that stand

in the way of a fulfilling life. According to Nijenhuis [54], it is necessary to stress that the “psy-

chological dissociation” and “somatoform dissociation” labels should not be taken to signify

that only psychological dissociation is a mental phenomenon. Both labels relate to the ways in

which dissociative symptoms may show themselves, not to their presumed cause. Somatoform

dissociation designates dissociative symptoms that phenomenologically involve the body, and

psychological dissociative symptoms are those that phenomenologically involve psychological

variables [2]. The “somatoform” descriptor demonstrates that the physical symptoms are akin

to, but cannot be explained by, a medical symptom or the direct effects of a substance. Thus
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“somatoform dissociation” denotes phenomena that are manifestations of a lack of integration

of somatoform functions, reactions, and experiences. Motor inhibitions and anesthesia/analge-

sia are somatoform dissociative symptoms that are akin to animal defensive reactions to major

threat and injury [2, 53].

Hypothesis and study rationale

It was hypothesized that the higher interoceptive sensibility in individuals with ASD is accom-

panied by a higher level of alexithymia on the emotions’ identification and verbalization

dimensions, as well as a higher dysregulation of emotions, especially in relation to deficits in

realizing emotions and deficits in the clarity as to experienced emotions. However, to date, no

studies have specifically assessed the relationships between interoceptive sensibility and soma-

toform disorders with the mediating role of alexithymia, and emotion dysregulation in adults

with ASD (Fig 1).

To verify the above relationships, individuals with ASD have been selected due to the fact

that disorders related to experiencing, understanding, and cognitive analysis of emotions in

this group coincide with those observed in alexithymia. Mattila et al. [55] stated that alex-

ithymia rates in the general population have been reported to be 9–17% for men and 5–10%

for women whereas estimates are as high as 70% in some clinical groups [56]. Studies show

that alexithymia has been found in nearly 50% of persons with ASD [57]. Gaig et al., [58]

showed that alexithymia occurring both in the group with ASD and without this personality

trait, is associated with the disturbance of appropriate differentiation of physiological

arousal and thereby with distortions in the cognitive processing of experienced emotion

and feelings. Therefore, it is alexithymia that is associated with the described disorders, not

autism.

To the best of our knowledge, this is the first study aiming at: 1) testing whether somato-

form disorders in the ASD patients might depend on interoceptive sensibility; 2) assessing the

impact of alexithymia and dysregulation in the prediction of somatoform disorders using a

battery of correlation studies, t-tests, moderation and mediation analyses. The serial multiple

mediation model consistent with the theoretical findings and research results discussed above

assumes an effect of alexithymia and dysregulation of emotions upon the relationship between

interoceptive sensibility and somatoform disorders.

Fig 1. A graphical model presenting the nature of dependencies between interoceptive sensibility (autonomic reactivity), alexithymia, and

difficulties in emotion regulation in explaining an inclination to somatoform disorders.

https://doi.org/10.1371/journal.pone.0255460.g001
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Methods

Participants

This study was conducted in accordance with the recommendations of the SWPS University

of Social Sciences and Humanities Ethics Committee with written informed consent from all

those who took part. All procedures during the study involving human participants were per-

formed in accordance with the ethical standards of the institutional and/or national research

committee and with the 1964 Helsinki declaration and its further amendments or comparable

ethical standards. The project was approved by Institutional Review Board (IRB) of the SWPS

University of Social Sciences and Humanities, Protocol No. 4/2019.

Persons under the care of the Foundation helping people with ASD located in Warsaw and

other individuals not connected with the Foundation were asked to participate in the study,

who constituted the control group. The study was carried out from April to August 2019. 205

people took part in the research including 157 women (76.6% of the total number of partici-

pants) and 48 men (23.4% of the total number of participants). The participants aged from 18 to

63 (M = 34.91; SD = 8.44). The clinical group included persons diagnosed with autism spectrum

disorders, specifically Asperger’s syndrome. The diagnosis has been additionally supported by

the Autism-Spectrum Quotient. To be eligible for the clinical group, an individual must have

been diagnosed with Asperger’s syndrome and must have had at least 32 points in the AQ ques-

tionnaire. Ultimately, the clinical group comprised 79 persons, 72% women and 28% men, aged

20 to 45 (M = 35.12 SD = 6.32). The control group comprised individuals without any diagnosis

of autism spectrum disorders and scoring less than 32 points in AQ questionnaire. The control

group comprised 126 persons, 79% women and 21% men, aged 18 to 63 (M = 34.77 SD = 9.54).

Measures

The Toronto Alexithymia Scale–20 (TAS-20) [59]. TAS-20 was applied to investigate

the level of alexithymia. Other than the general level of alexithymia, the questionnaire allows

us to estimate separate scales for aspects such as: “difficulties in verbalizing feelings” (DDF;

“difficulties in identifying feelings” (DIF); “externally oriented thinking”(EOT). The question-

naire includes 20 test items. Each has a five-degree Likert scale (1-strongly disagree; 2-partially

disagree; 3-no opinion; 4-partially agree; 5-strongly agree). The scale runs from 20 to 100

points. It is both a reliable and precise tool. In relation to the Polish version, Cronbach’s α
coefficient in non-clinical sample is 0.86 for the general score; 0.81 for the “difficulties in ver-

balizing feelings” scale; 0.75 for the “difficulties in identifying feelings” scale; and 0.64 for the

“operational style of thinking” scale [60].

The Autism-Spectrum Quotient (AQ) [61]. AQ is the self-administered instrument for

measuring a degree to which an adult with normal intelligence has the traits associated with the

autistic spectrum. It comprises 50 questions, made up of 10 questions assessing 5 different areas:

social skill; attention switching; attention to detail; communication; imagination. Each of the

items listed above scores 1 point if the respondent records abnormal or autistic-like behavior

either mildly or strongly. Abnormality = poor social skill, poor communication skill, poor imagi-

nation, exceptional attention to detail, poor attention-switching/strong focus of attention).

Roughly 50% of the items were so worded to give a “disagree” response, and half an “agree”

response, in a high scoring person with AS/HFA, to avoid a response bias either way. Also, items

were randomized with respect to both the expected response from a high-scorer, and with respect

to their domain. In the Polish version, Cronbach’s α coefficient is 0.94 for the general score.

Body Perception Questionnaire-Short Form (BPQ-SF) [62] is a self-report measure of body

awareness and autonomic reactivity. Was used to measure interoceptive sensibility. Its items are
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based on the organization of the autonomic nervous system (ANS), a set of neural pathways

connecting the brain and body. It comprises 46 questions. Item responses for both subscales are

on a 5-point ordinal scale spanning never (1) to always (5). Body awareness was described by a

single factor (sample items: “A swelling of my body or parts of my body”, “Watering or tearing

of my eyes”, “Stomach and gut pains”). Autonomic reactivity reflected unique factors for organs

above and below the diaphragm (sample items: “I have difficulty coordinating breathing and

eating”, “My heart often beats irregularly”, “I have difficulty coordinating breathing with talk-

ing”). Psychometric properties were assessed from data in three samples: an American online

study, a Spanish online study, and an American undergraduate student study (total n = 1320)

[62]. In the Polish version, Cronbach’s α coefficient is 0.91 for the general score; for body aware-

ness Cronbach’s α coefficient is 0.94; for ANS Cronbach’s α coefficient is 0.91.

Difficulties in Emotion Regulation Scale (DERS) [63]. The DERS items were chosen to

reflect difficulties within the following dimensions of emotion regulation: (a) awareness and

understanding of emotions, (b) acceptance of emotions, (c) ability to control impulsive behav-

iors and behave in accordance with desired goals when experiencing negative emotions, and

(d) ability to use situationally appropriate emotion regulation strategies flexibly to modulate

emotional responses as desired in order to meet individual goals and situational demands. The

questionnaire comprises 36 test items. Each item has a five Likert scale (1- almost never; 5-

almost always). The scale ranges from 36 to 180 points. The relative absence of any or all of

these abilities would indicate the presence of difficulties in emotion regulation, or emotion

dysregulation. The final dimension reflects an attempt to measure the flexible use of situation-

ally appropriate strategies to modulate emotional responses. All of the DERS subscales (com-

puted from the 6 factors obtained in the factor analysis) also had adequate internal

consistency, with Cronbach’s α> 0.80 for each subscale. In the Polish version, Cronbach’s α
coefficient is 0.83 for the general score.

Somatoform Dissociation Questionnaire (SDQ-20; [64]). The SDQ-20 items were

derived from a pool of 75 items describing clinically observed somatoform dissociative symp-

toms that in clinical settings had appeared upon reactivation of dissociative parts of the per-

sonality and that could not be medically explained. SDQ-20 is a self-report questionnaire

which measures the severity of somatoform dissociation. Participants are asked about different

physical symptoms or body experiences present in the past year. Participants are additionally

asked if the experience is connected to any physical disease diagnosed by a physician and, if

their answer is positive, to describe what that is. The items pertain to negative (e.g., analgesia)

and positive dissociative phenomena (e.g., site-specific pain). The items are supplied with a

Likert-type 5-point scale, ranging from “1 = this applies to me: not at all” to “5 = this applies to

me: extremely”. The total score is calculated by summing up the item scores and may range

from 20 to 100. The internal consistency of the SDQ-20 is excellent ([64]: Cronbach’s alpha

0.95). In the Polish version, Cronbach’s α coefficient is 0.89 for the general score.

Procedure

The study was carried out with each person individually. A question regarding the possibility

of conducting a questionnaire survey was sent by email to the Foundations which help adults

with ASD. Having obtained the consent, the researcher visited the Foundation’s office, intro-

duced themselves, and invited persons who were willing to participate in the study. At first,

each participant received the form of informed consent to participate in the study. Then ques-

tionnaires to be filled in were provided to participants in envelopes. Questionnaires were com-

pleted in random order. After completing, the questionnaires were returned to the researcher.

In order to complete the control group, an announcement was published on SWPS University

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 9 / 22

https://doi.org/10.1371/journal.pone.0255460


website with the invitation to participate. The willing persons contacted via a given email

address. After making an appointment at the University Campus, as in the case of the clinical

group, the respondents were given an informed consent form to participate in the study, and

after that they were given an envelope containing the questionnaire. Upon completion, each

participant was thanked for taking part in the study.

Data analysis

A statistical analysis to test the posited hypotheses was undertaken using IBM SPSS Statistics,

version 26. Key descriptive statistics were undertaken using the software, making it possible to

study the distributions of successive measured variables. Parametric tests were performed on

all variables as the skewness values did not exceed the conventional absolute value of 1. In the

first place, a series of correlation analyses was performed to assess the relationship between

somatoform disorders and all other variables. Further, a series of t-tests was performed to

determine differences between the clinical and control groups in terms of alexithymia, emo-

tion dysregulation, and interoceptive sensibility dimensions. The next step was to carry out a

moderation analysis, where a (clinical/control) group was the moderator, using the A. F.

Hayes PROCESS macro (model 1) [65] to determine to what extent the fact of being diagnosed

with ASD affects the relationship between interoceptive sensibility (autonomic reactivity) and

somatoform disorders. Subsequently, the mediating role of all dimensions of alexithymia and

emotion dysregulation was verified separately using the A. F. Hayes PROCESS macro (model

4). Finally, a method was applied that combined the relationship of interoceptive sensibility

(autonomic reactivity) and somatoform disorders with the mediating role of alexithymia and

emotion dysregulation. Due to the high level of correlation between mediators, the serial mul-

tiple mediation model A. F. Hayes PROCESS macro (model 6) was performed since this

method assumes a strong relation between mediators [65]. In addition, it allows to control the

impact of a single mediator, as well as to determine the simultaneous impact of both mediating

variables on the relation between an independent and dependent variable.

Results

Descriptive statistics for the study variables and for differences between the groups are

reported in Table 1. Before more advanced statistical analyses were commenced, analyses were

undertaken with the aim of verifying if statistically significant differences exist between the

group of ASD and the control group as far as interoceptive sensibility, alexithymia, dysregula-

tion emotions, and somatoform disorders are concerned. Descriptive statistics, t-tests results

and correlations are reported in Tables 1 and 2.

Correlation analyses which took into account the relationship between the examined vari-

ables in relation to somatoform disorders were carried out for the whole group of subjects due

to the fact that in the initial analyses the correlation strength for individual clinical and control

groups was checked separately, and the obtained values did not differ significantly. Respec-

tively, for the clinical group, the moderate of the relationship between Autism scale and soma-

toform disorders (r = 0.522 p< 0.01); and for the control group (r = 0.457, p< 0.01). As it

results from the data presented in Table 2, a moderate positive relationship was shown

between the severity of autism spectrum disorders (ASD) and the symptoms resulting from

somatoform disorders (r = 0.550 p< 0.01). Similarly, a moderate correlation was obtained for:

interoceptive sensibility (autonomic reactivity) (r = 0.512, p< 0.01); difficulties in identifying

emotions (r = 417, p <0.01); alexithymia (r = 0.386, p< 0.01); lack of emotional clarity

(r = 0.370, p< 0.01), and difficulties in emotion regulation as a general result (r = 0, 360, p

<0.01). The obtained results formed the basis for more advanced statistical analyses. As the
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first one, a moderation analysis was carried out, which took into account the division of the

clinical and control groups (see Figs 2 and 3).

Table 1. Descriptive statistics and t-tests of the clinical (ASD) and control group.

Groups t-tests
Clinical Control t p Cohen`s d

M SD M SD

Age 35.12 6.32 34.78 9.55 0.282 0.778 .04
AQ

Autism 39.33 4.52 17.75 7.79 25.080 <0.001 3.52
BPQ

Body Awareness 24.18 2.61 24.32 2.54 0.362 0.718 .05
Autonomic reactivity 15.51 3.77 10.94 5.15 7.311 <0.001 1.04
TAS

Difficulty Describing Feelings 18.71 3.79 13.10 5.01 9.100 <0.001 1.30
Difficulty Identifying Feeling 26.58 5.44 19.93 6.71 7.776 <0.001 1.13
Externally-Oriented Thinking 18.04 5.19 17.07 4.25 1.389 0.148 .23
Alexithymia—Total 63.33 11.72 50.10 12.70 7.477 <0.001 1.05
SDQ

Somatoform Dissociation 38.46 12.79 25.99 5.94 8.131 <0.001 1.63
DERS

Non-Acceptance of Emotional Responses 16.95 6.50 14.03 6.01 3.277 <0.001 .46
Difficulties Engaging in Goal-Directed Behavior 18.94 4.64 14.81 5.04 5.879 <0.001 .82
Impulse Control Difficulties 16.46 5.98 14.25 5.36 2.736 <0.05 .38
Lack of Emotional Awareness 19.35 5.39 15.52 4.64 5.398 <0.001 .76
Limited Access to Emotion Regulation Strategies 25.99 6.56 20.19 7.91 5.444 <0.001 .76
Lack of Emotional Clarity 15.03 4.09 10.88 3.73 7.461 <0.001 1.05
Difficulties in Emotion Regulation Scale—Total 112.71 22.32 89.69 25.98 6.740 <0.001 .99

https://doi.org/10.1371/journal.pone.0255460.t001

Table 2. The analysis of correlations between particular dimensions of interoceptive sensibility, alexithymia, diffi-

culties in emotion regulation, autism and the intensification of somatoform disorders.

Somatoform Disorders

Autism ,550��

Interoceptive sensibility (Body Awareness) -,008
Interoceptive sensibility (Autonomic reactivity) ,512��

Difficulty Describing Feelings ,382��

Difficulty Identifying Feeling ,417��

Externally-Oriented Thinking ,084
Alexithymia—Total ,386��

Non-Acceptance of Emotional Responses ,234��

Difficulties Engaging in Goal-Directed Behavior ,268��

Impulse Control Difficulties ,295��

Lack of Emotional Awareness ,251��

Limited Access to Emotion Regulation Strategies ,279��

Lack of Emotional Clarity ,370��

Difficulties in Emotion Regulation Scale—Total ,360��

�-p<0,05;

��-p<0,01.

https://doi.org/10.1371/journal.pone.0255460.t002
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The analysis demonstrated a significant interactive effect F (1.201) = 6.6892; p< 0.05. Inter-

estingly, for both study groups, the result is statistically significant, i.e. the group with ASD

(standardized effect = 0.6037; 95% CI [.37; .84]), and the control group (standardized

effect = 0.2474; 95% CI [.11; .38]). Noteworthy is the significantly higher effect strength in the

clinical group and the relationship between the results in both groups (see Fig 3). In the case of

the ASD group, the relationship between interoceptive sensibility (autonomic reactivity) and

somatoform disorders was found as regards medium and elevated results on both scales. The

higher the result on the interoceptive sensibility (autonomic reactivity) scale in the group of

subjects with ASD, the higher the results on the scale examining somatoform disorders. In the

case of the control group, the relationship between the interoceptive sensibility (autonomic

reactivity) and somatoform disorders was demonstrated, but in relation to low scores on both

scales. A different, yet also significant, distribution of dependencies between the studied

Fig 2. A graphical model presenting the nature of dependencies in moderation model.

https://doi.org/10.1371/journal.pone.0255460.g002

Fig 3. The moderation effect of the clinical and control group on the relation between interoceptive sensibility (autonomic reactivity) and

somatoform disorders. Interoceptive sensibility (autonomic reactivity) was measured by Body Perception Questionnaire-Short Form

(BPQ-SF). Somatoform disorders was measured by Somatoform Dissociation Questionnaire (SDQ-20).

https://doi.org/10.1371/journal.pone.0255460.g003
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variables in this group was demonstrated. The increased interoceptive sensibility (autonomic

reactivity) in this group also results in somatoform disorders, however with a significantly

lower intensity than in case of the clinical group.

The obtained results, which support the direct impact of interoceptive sensibility (auto-

nomic reactivity) on somatoform disorders in the examined group, further formed the basis

for the development of three mediation models. Due to the same direction of dependencies,

demonstrated in the analysis of moderations, both in the control and clinical groups, the sub-

sequent analyses of mediations were performed for the entire group without division.

The first to be analysed was the mediation effect of individual components of alexithymia

on the relationship between interoceptive sensibility (autonomic reactivity) and somatoform

disorders (see Fig 4). The model in which three mediators (alexithymia subscales) were intro-

duced separately proved fit well with the data (F (4.200) = 22.9385; p< 0.001) and explains

31% of the variance in the level of somatic disorders resulting from somatoform disorders. Dif-

ficulties in verbalizing emotions (standardized effect = 0.775; 95% CI [.03; .15]), and difficulty

in identifying emotions (standardized effect = 0.1063; 95% CI [.02; .19]) have been proven to

be important mediators.

In the next step, an analysis of the mediation impact of difficulties in emotion dysregulation

on the relationship between interoceptive sensibility and somatoform disorders was carried

out (see Fig 5). The mediation model with six mediators (DERS subscales) suited the data (F

(7,197) = 11.7974; p< 0.001) and explains 29% of the variance in the results of somatic disor-

ders resulting from somatoform disorders. Two dimensions related to problems in regulating

emotions were shown to be significant mediators, i.e. lack of emotional awareness (standard-

ized effect = 0.0325; 95% CI [.004; .08]) and lack of emotional clarity (standardized

effect = 0.0790; 95% CI [.008; .17]).

Based on the results obtained from both mediations which separately verified the effect of

alexithymia and difficulties in regulating emotions in the relationship between interoceptive

sensibility and somatoform disorders, another mediation was carried out. This time it was a

Serial-Multiple Mediation model including alexithymia and difficulties in emotion

Fig 4. The model of mediation for the tendency toward alexithymia between the impact of interoceptive sensibility (autonomic reactivity)

on the level of somatoform disorders. �-p<0,05; Significant mediation relation are marked in bold. Direct effect–X on Y without the influence

of M1 –c. Indirect effect of X on Y through M—a1,b1; a2,b2; a3,b3. Direct effect–X on Y including the influence of M–c‘1;c‘2;c‘3. Interoceptive

sensibility (autonomic reactivity) was measured by Body Perception Questionnaire-Short Form (BPQ-SF). Somatoform disorders was

measured by Somatoform Dissociation Questionnaire (SDQ-20). Alexithymia was measured by The Toronto Alexithymia Scale– 20 (TAS-20).

https://doi.org/10.1371/journal.pone.0255460.g004
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dysregulation as mediators on the relation between interoceptive sensibility and somatoform

disorders (see Fig 6).

The model is fitted well with the data F(3.201) = 28.4191; p<0.001 and explains 29.8% vari-

ability of the dependent variable. As presented in Fig 6, the direct effect of the relationship

between interoceptive sensibility (autonomic reactivity) and somatoform disorders is signifi-

cant (c = .51. SE = .06, t = 8.50, p< .0001) (Step 1). The following step (step 2) is determining

the relationship between interoceptive sensibility (autonomic reactivity) and alexithymia,

which is also important (a1 = .42, SE = .06, t = 6.61, p< .0001). Another step (step 3) refers to

the relationship of interoceptive sensibility (autonomic reactivity) with difficulties in emotion

dysregulation (a2 = .22, SE = .05, t = 4.25, p< .0001) and alexithymia with difficulties in emo-

tion dysregulation (d21 = .63, SE = . 05, t = 12.30, p< .0001). In the next step (step 4), the rela-

tionship between alexithymia and somatoform disorders was verified (b1 = .20, SE = .09,

t = 2.32, p< .001), as well as the relationship between difficulties in emotion dysregulation

and the dependent variable (b2 = .01, SE = .09, t = .11, p = .91). After introducing the indepen-

dent variable and both mediators into the model simultaneously (step 5) the direct effect of

interoceptive sensibility (autonomic reactivity) on somatoform disorders decreased, but it still

statistically significant remained (c‘= .42, SE = .07, t = 6.22, p< .0001).

The analysis of indirect effects based on 95% confidence intervals using 10,000 bootstrap-

ping shows that the first indirect effect relating to the relationship between interoceptive

Fig 5. The model of mediation for the tendency toward difficulty in regulation emotion between the impact of interoceptive sensibility

(autonomic reactivity) on the level of somatoform disorders. �-p<0,05; Significant mediation relation are marked in bold. Direct effect–X on

Y without the influence of M1 –c. Indirect effect of X on Y through M—a1,b1; a2,b2; a3,b3; a4,b4; a5,b5; a6,b6. Direct effect–X on Y including

the influence of M–c‘1; c‘2;c‘3,c‘4,c‘5,c‘6. Interoceptive sensibility (autonomic reactivity) was measured by Body Perception Questionnaire-

Short Form (BPQ-SF). Somatoform disorders was measured by Somatoform Dissociation Questionnaire (SDQ-20). Difficulty in regulation

emotion was measured by Difficulties in Emotion Regulation Scale (DERS).

https://doi.org/10.1371/journal.pone.0255460.g005
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sensibility (autonomic reactivity) and somatoform disorders with the mediating role of alex-

ithymia (a1,b1) is significant (point estimate b = .08. 95% CI [.01; .16]) (Fig 6). In the case of

the second indirect effect, where difficulties in emotion dysregulation is a mediator (a2, b2),

the result turned out insignificant (point estimate b = .002. 95% CI[-.04; .05]) (Fig 6). The last

indirect effect taking into account both alexithymia and difficulties in emotion dysregulation

(a1, d21, b2) was also statistically insignificant (point estimate b = .003. 95% CI [-.04; .05]).

The overall effect, which refers to the difference between the direct and indirect effect (c / c‘),

after taking both mediators into account, is significant (point estimate b = .09. 95% CI

[0.01;0.18]).

To summarize, with Serial-Multiple Mediation model, a number of dependencies between

interoceptive sensibility (autonomic reactivity) and somatoform disorders was demonstrated

also taking into account the mediating role of alexithymia and emotion dysregulation, however

the significant effects in this model were the direct and total effects, as well as the indirect

dependency taking into account alexithymia as a mediator, and the effects taking into account

emotion dysregulation and both mediators simultaneously are insignificant.

Discussion

Our hypotheses, which state that alexithymia and emotion dysregulation play a mediating role

between interoceptive sensibility and somatic disorders, have been supported both in the

group of persons with ASD and in the control group. Interesting is the fact that the direction

of relationship between the investigated variables is the same in both groups. However, in the

case of persons with ASD, higher level of both interoceptive sensibility and alexithymia, as well

as somatoform symptoms have been found. It was stated that the increased sensibility to inter-

oceptive signals, combined with the difficulty in assigning those sensations to emotions causes

them to be misinterpreted, reversely enhancing sensations, and, contributes to somatic symp-

toms. The increased interoceptive sensibility particularly relates to alexithymia, as was sup-

ported by the mediation analyses. Two factors of alexithymia are specifically important, i.e.:

Fig 6. Serial multiple mediational model for the relation between an interoceptive sensibility (autonomic reactivity) and somatoform

disorders, where alexithymia and difficulties in emotion regulation constitute mediators. (c) A direct effect of the impact of interoceptive

sensibility on the somatoform disorders. (a1, b1) An indirect effect of the impact of interoceptive sensibility on the somatoform disorders,

including alexithymia. (a2, b2) An indirect effect of the impact of interoceptive sensibility on the somatoform disorders, including Difficulties in

Emotion Regulation. (a1, d21, b2) An indirect effect of the impact of interoceptive sensibility on the somatoform disorders, including

Alexithymia and Difficulties in Emotion Regulation. (c‘) A direct effect of the impact of interoceptive sensibility on the somatoform disorders,

taking account of the impact of both mediators. �-p<0,05; ��-p<0,01. Interoceptive sensibility (autonomic reactivity) was measured by Body

Perception Questionnaire-Short Form (BPQ-SF). Somatoform disorders was measured by Somatoform Dissociation Questionnaire (SDQ-20).

Difficulty in regulation emotion was measured by Difficulties in Emotion Regulation Scale (DERS). Alexithymia was measured by The Toronto

Alexithymia Scale– 20 (TAS-20).

https://doi.org/10.1371/journal.pone.0255460.g006
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difficulty in identifying emotions and difficulty in verbalizing emotions. The mediation analy-

sis, which took into account two mediators, supported a relationship between interoceptive

sensibility and alexithymia, as well as between alexithymia and emotion dysregulation.

Reactivity ANS is largely connected with the occurrence of alexithymia, particularly with

DIF factor, which is supported in numerous reports [66, 67]. A study by Connelly and Denney,

[67] indicated that the deficits in emotion dysregulation, as evidenced in those with high levels

of the alexithymic trait, appear to manifest as chronically elevated subjective negative affect rel-

ative to autonomic activity regardless of the level of environmental demands. Physical symp-

toms in alexithymia could well be associated with somatosensory amplification [32]. The

absence of the capability to name and modulate the affect consciously, by heightening tensions

and negative emotions. In our study, we support the hypothesis linking alexithymia with phys-

ical problems. These somatoform disorders are the consequence of individual suffering from

alexithymia having an inability to appreciate, distinguish, and express affect, which in turn,

increases the physiological arousal and those negative subjective states that are not governed

by psychological strategies. Friedlander at al., [68] support the speculation from their study

that increased physiological arousal and subjective negative emotional experiences in alexithy-

mia sufferers may constitute a cause which leads to poor health. It has been supported in the

results of studies by Dubey and Pandey [22] mentioned above.

The results received are consistent with those obtained by other authors who verified the

relationship between alexithymia and interoception in people with ASD. Gaigg et al., [58]

demonstrated that alexithymia involves a disruption in how physiological arousal modulates

the subjective experience of feelings in those with and without a diagnosis of ASD. Their stud-

ies support findings that self-report alexithymia questionnaires qualitatively identify extremely

alike emotional interoception problems in those with and without a diagnosis of ASD. This is

consistent with the observation that self-report levels of alexithymia also predict neural activity

in the insula cortex to the same level in those with and without ASD during emotional intero-

ception and empathy tasks [38, 58, 69]. The results of the research cited in the context of the

results obtained in our work are critical for another reason. The combination of a self-report

alexithymia questionnaire with an experimental study of interoception has shown that self-

reported difficulties in identifying and describing one’s own emotions are linked to reduced

skin conductance responses (SCRs) and independently also with a reduced concordance

between subjectively reported and objectively measured levels of arousal in both groups. This

supports that at least two distinct processes can contribute to alexithymia–one involving a

blunting of emotional experiences and the other involving reduced awareness and cognitive

processing of otherwise preserved emotional experiences [41].

The results support the legitimacy of models that consider the perception of physiological

arousal (interoception) to play an important role in the subjective experience of feelings [6–8].

Those suffering from alexithymia may either fail to gain awareness of otherwise typical physio-

logical arousal or demonstrate atypical arousal with consequences for the subjective experience

of emotions [70]. Ben Shalom et al., [71] concluded that impairments in socio-emotional

expression in autism may be related to deficits in perception and/or expression of conscious

feelings; physiological emotions may be relatively preserved. The first quantitative integration

of results pertaining to the structural neuroanatomical basis of alexithymia made by Xu et al.,

[72] showed that volumes of the left insula, left amygdala, orbital frontal cortex and striatum

were consistently smaller in people with high levels of alexithymia. These areas are important

for the perception of emotion and emotional experience. Smaller volumes in these areas might

lead to deficiencies in appropriately identifying and expressing emotions. Alexithymia might

be associated with the malfunctioning of brain structures, which includes the cingulate and

prefrontal cortex regulating and subserving emotional awareness [73] and self-oriented
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planning, a mental state often associated with emotion. Hence, it is possible that when mental

functions supported by regions in the medial, frontal, and temporal regions fail to work cor-

rectly, the orderly linkage from body stimuli to emotions and to symbolic language is dis-

rupted [74] leading to poor symbolization of bodily stimuli and alexithymia.

In addition, such brain activation patterns may be conductive to less frequent use of adap-

tive, cognitive strategies such as reassessment [75] while emotional dysregulation deficits may

in turn lead to more frequent experiencing of negative emotions [75]. The reduced activity of

prefrontal areas indicates problems with cognitive top-down processing of emotions in per-

sons showing alexithymic features. It is worth noting that only alexithymia turned out to be an

important factor between interoceptive sensibility (ANS measure) and somatoform disorders.

Emotional dysregulation only in relation to lack of emotional awareness and lack of emotional

clarity. The other aspects were not correlated. It is worth paying attention to this aspect in the

preparation of the next research. As research shows, does alexithymia correlate with maladap-

tive dysregulation strategies and hence is a "more important" predictor in the relationship of

somatoform disorder and interoceptive sensibility? Partial verification of this hypothesis may

come from the analysis of the results of the longitudinal study carried out by da Silva et al.,

[76]. Patients diagnosed with a high level of alexithymia during therapy showed a change with

regard to one of the emotional variables—lack of emotional awareness, emotion differentiation

or emotion regulation. The changes that were observed in the course of therapy in alexithymic

patients also related to the had a tendency to focus on physical complaints.

It is worth noting that in the conducted analyses no relationship between body awareness

was observed. In the study, we used the BPQ questionnaire, thanks to which it is possible to

test body awareness and ANS sensitivity. It is assumed that two styles of attention may alter-

nate. One attention style is associated with hypochondriasis, somatization and anxiety disor-

ders whereas another attention style has been viewed as healthy, adaptive and resilience-

enhancing [77]. The ambiguity of the results obtained by us prompts us to conduct further

studies on much larger clinical groups and also with the use of other methods to study intero-

ception, e.g. MAIA [78] and monitoring level of anxiety in research.

Conclusion

People with ASD present higher levels of interoceptive sensibility (autonomic reactivity) as

well as alexithymia, and hence higher levels of somatoform disorders in these people, however,

the direction of the relationship between the studied factors is similar in both groups. Our

study showed that the increased sensibility to interoceptive signals, combined with the incor-

rect attribution of body signals resulting from alexithymia, increases the level of somatic symp-

toms. The increased sensibility to interoceptive signals, combined with difficulties in

accurately identifying the source of observed symptoms and the inability to differentiate the

body’s physiological correlates from emotions’ physiological correlates, are favorable to the

interpretation of symptoms towards a somatic disease. The absence of medical grounds may

increase sensibility and result in the higher level of arousal and stress, as well as misinterpreta-

tion of somatic condition. Certainly, interventions in order to understand somatic experiences

and differentiating emotion correlates and accurate attribution will contribute to the reduction

of somatic symptoms.

Limitations

Our study has some limitations that we would like to highlight. It based exclusively on self-

report measures. In addition, it is cross-sectional and correlative. For this reason, it is difficult

to clearly outline unequivocal directions or relationships between the investigated factors. We

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 17 / 22

https://doi.org/10.1371/journal.pone.0255460


adopted, in line with the attachment theory, a direction of relationship from interoceptive sen-

sibility through alexithymia to somatic disorders. However, we examined adults and those

who, due to somatic problems of unspecified etiology, may show increased alexithymia and

interoceptive sensibility. The nature of relationship between emotion understanding and

experiencing and becoming sensitive to specific body signals requires longitudinal studies to

be carried out in the future. The excessive interoceptive sensibility, combined with alexithy-

mia, may favor the development of somatic dysfunctions. Such is the case with the examined

group of individuals with ASD.
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9. Critchley HD, Wiens S, Rotshtein P, Öhman A, Dolan R J (2004) Neural systems supporting interocep-

tive awareness. Nature Neuroscience, 7(2), 189–195. https://doi.org/10.1038/nn1176 PMID:

14730305

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 18 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255460.s001
https://doi.org/10.1037/0033-2909.130.5.793
http://www.ncbi.nlm.nih.gov/pubmed/15367081
https://doi.org/10.1037/a0028509
http://www.ncbi.nlm.nih.gov/pubmed/22642840
https://doi.org/10.1027/2151-2604/a000403
https://doi.org/10.1027/2151-2604/a000403
https://doi.org/10.1098/rstb.2016.0002
http://www.ncbi.nlm.nih.gov/pubmed/28080961
https://doi.org/10.1038/nrn2555
http://www.ncbi.nlm.nih.gov/pubmed/19096369
https://doi.org/10.1038/nn1176
http://www.ncbi.nlm.nih.gov/pubmed/14730305
https://doi.org/10.1371/journal.pone.0255460


10. Pollatos O, Gramann K, Schandry R (2006) Neural systems connecting interoceptive awareness and

feelings. Human Brain Mapping, 28(1), 9–18. https://doi.org/10.1002/hbm.20258 PMID: 16729289

11. Garfinkel SN, Critchley HD (2013) Interoception, emotion and brain: new insights link internal physiol-

ogy to social behaviour. Commentary on: Social Cognitive and Affective Neuroscience, 8(3), 231–234.

https://doi.org/10.1093/scan/nss140 PMID: 23482658

12. Herbert BM, Herbert C, Pollatos O (2011) On the Relationship Between Interoceptive Awareness and

Alexithymia: Is Interoceptive Awareness Related to Emotional Awareness? Journal of Personality, 79

(5), 1149–1175. https://doi.org/10.1111/j.1467-6494.2011.00717.x PMID: 21241306

13. Thorberg FA, Young R McD, Sullivan K A, Lyvers M, (2011) Parental bonding and alexithymia: a meta-

analysis. European Psychiatry, 26(3), 187–193 https://doi.org/10.1016/j.eurpsy.2010.09.010 PMID:

21277748

14. Schore AN (2009) Attachment trauma and the developing right brain: Origins of pathological dissocia-

tion,” in Dissociation and the Dissociative Disorders. DSM-V and Beyond, eds Dell P. F. and O’Neil J. A.

( New York, NY: Routledge Taylor& Francis Group, 107–145.

15. Cohen MX, Shaver PR (2004) Avoidant attachment and hemispheric lateralization of the processing of

attachment- and emotion-related words. Cognition and Emotion, 18, 799–814.

16. Feinberg TE, Keenan JP (2005) Where in the brain is the self? Consciousness and Cognition, 14, 661–

678. https://doi.org/10.1016/j.concog.2005.01.002 PMID: 16325140

17. Nemiah JC, and Sifneos PE (1970) Psychosomatic Illness: a problem in communication. Psychother.

Psychosom. 18, 154–160. https://doi.org/10.1159/000286074 PMID: 5520658

18. Timoney LR, Holder MD (2013) The Importance of Research on Alexithymia. In: Emotional Processing

Deficits and Happiness. Springer Briefs in Well-Being and Quality of Life Research. Springer, Dor-

drecht. https://doi.org/10.1007/978-94-007-7177-2_3

19. Saymur D, Tops M, Schlinkert C, Quirin M, Cuijpers P, Koole SL (2013). Four decades of research on

alexithymia: moving toward clinical applications. Front. Psychol. 4:861. https://doi.org/10.3389/fpsyg.

2013.00861 PMID: 24312069

20. Gratz KL, Roemer L (2004) Multidimensional Assessment of Emotion Regulation and Dysregulation:

Development, Factor Structure, and Initial Validation of the Difficulties in Emotion Regulation Scale.

Journal of Psychopathology and Behavioral Assessment, 26, 1, 41–54.

21. Waller E, Scheidt CE (2006) Somatoform disorders as disorders of affect regulation: A development

perspective. International Review of Psychiatry, 18(1), 13–24. https://doi.org/10.1080/

09540260500466774 PMID: 16451876

22. Dubey A, Pandey R, (2013) Mental Health Problems in Alexithymia: Role of Positive and Negative Emo-

tional Experiences. SIS Journal of Projective Psychology and Mental Health 20, 128–136

23. Lundh LG, Simonsson-Sarnecki M (2002) Alexithymia and cognitive bias for emotional information.

Pers Individ Differ. 32:1063–75.

24. Zdankiewicz-Ścigała E (2017) Aleksytymia i Dysocjacja jako Podstawowe Czynniki zjawisk Potrauma-

tycznych. [Alexithymia and dissociation as primary factors of posttraumatic phenomena] Warszawa:

Wydawnictwo Naukowe Scholar

25. Porcelli P, Taylor GJ (2018). Alexithymia and Physical Illness: A Psychosomatic Approach. Alexithymia,

In Luminet O., Bagby R.M., Taylor C.J. (Eds), Alexithymia. Advances in research, theory and clinical

practice, (pp 105–126). London. Cambridge University Press. https://doi.org/10.1017/

9781108241595.009

26. Panayiotou G, Panteli M, Vlemincx E (2018) Processing Emotions in Alexithymia: A Systematic Review

of Physiological Markers. Alexithymia, In Luminet O., Bagby R.M., Taylor C.J. (Eds), Alexithymia.

Advances in research, theory and clinical practice, (pp 291–320). London. Cambridge University

Press. https://doi.org/10.1017/9781108241595.018

27. Kano M, Fukudo S (2013) The alexithymic brain: the neural pathways linking alexithymia to physical dis-

orders BioPsychoSocial Medicine, https://doi.org/10.1186/1751-0759-7-1 PMID: 23302233

28. Kano M, Hamaguchi T, Itoh M, Yanai K, Fukudo S (2007) Correlation between alexithymia and hyper-

sensitivity to visceral stimulation in human. Pain, 132(3), 252–263. https://doi.org/10.1016/j.pain.2007.

01.032 PMID: 17360119

29. Lane R, (2020) Alexithymia 3.0: reimagining alexithymia from a medical perspective BioPsychoSocial

Medicine 14:21 https://doi.org/10.1186/s13030-020-00191-x

30. De Gucht V, Heiser W (2003) Alexithymia and somatization. Journal of Psychosomatic Research, 54

(5), 425–434. https://doi.org/10.1016/s0022-3999(02)00467-1 PMID: 12726898

31. Brewer R, Cook R, Bird G. (2016) Alexithymia: a general deficit of interoception. R. Soc. open sci. 3:

150664. https://doi.org/10.1098/rsos.150664 PMID: 27853532

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 19 / 22

https://doi.org/10.1002/hbm.20258
http://www.ncbi.nlm.nih.gov/pubmed/16729289
https://doi.org/10.1093/scan/nss140
http://www.ncbi.nlm.nih.gov/pubmed/23482658
https://doi.org/10.1111/j.1467-6494.2011.00717.x
http://www.ncbi.nlm.nih.gov/pubmed/21241306
https://doi.org/10.1016/j.eurpsy.2010.09.010
http://www.ncbi.nlm.nih.gov/pubmed/21277748
https://doi.org/10.1016/j.concog.2005.01.002
http://www.ncbi.nlm.nih.gov/pubmed/16325140
https://doi.org/10.1159/000286074
http://www.ncbi.nlm.nih.gov/pubmed/5520658
https://doi.org/10.1007/978-94-007-7177-2_3
https://doi.org/10.3389/fpsyg.2013.00861
https://doi.org/10.3389/fpsyg.2013.00861
http://www.ncbi.nlm.nih.gov/pubmed/24312069
https://doi.org/10.1080/09540260500466774
https://doi.org/10.1080/09540260500466774
http://www.ncbi.nlm.nih.gov/pubmed/16451876
https://doi.org/10.1017/9781108241595.009
https://doi.org/10.1017/9781108241595.009
https://doi.org/10.1017/9781108241595.018
https://doi.org/10.1186/1751-0759-7-1
http://www.ncbi.nlm.nih.gov/pubmed/23302233
https://doi.org/10.1016/j.pain.2007.01.032
https://doi.org/10.1016/j.pain.2007.01.032
http://www.ncbi.nlm.nih.gov/pubmed/17360119
https://doi.org/10.1186/s13030-020-00191-x
https://doi.org/10.1016/s0022-3999(02)00467-1
http://www.ncbi.nlm.nih.gov/pubmed/12726898
https://doi.org/10.1098/rsos.150664
http://www.ncbi.nlm.nih.gov/pubmed/27853532
https://doi.org/10.1371/journal.pone.0255460


32. Nakao M, Barsky A J, Kumano H, Kuboki T (2002) Relationship Between Somatosensory Amplification

and Alexithymia in a Japanese Psychosomatic Clinic. Psychosomatics, 43(1), 55–60. https://doi.org/

10.1176/appi.psy.43.1.55 PMID: 11927759

33. Messina A, Beadle JN, Paradiso S (2014) Towards a classification of alexithymia: primary, secondary

and organic. Journal of Psychopathology 2014; 20:38–49.

34. Barsky AJ (1992). Amplification, somatization, and the somatoform disorders. Psychosomatics, 33,

28–34. https://doi.org/10.1016/S0033-3182(92)72018-0 PMID: 1539100

35. DragoşD, Tănăsescu MD (2009) The critical role of psychosomatics in promoting a new perspective

upon health and disease. Journal of Medicine and Life (2) 4, 343–349 PMID: 20108747

36. Cook R, Brewer R, Shah P, Bird G (2013) Alexithymia, not autism, predicts poor recognition of emo-

tional facial expressions. Psychol Sci. 24(5):723–32, https://doi.org/10.1177/0956797612463582

PMID: 23528789

37. Colvert E, Tick B, McEwen F, Stewart C, Curran SR, et al (2015) Heritability of Autism Spectrum Disor-

der in a UK Population-Based Twin Sample. JAMA Psychiatry. 72(5):415–423. https://doi.org/10.1001/

jamapsychiatry.2014.3028 PMID: 25738232

38. Baron-Cohen S, & Wheelwright S (2004) The Empathy Quotient: An Investigation of Adults with Asperger

Syndrome or High Functioning Autism, and Normal Sex Differences. Journal of Autism and Developmen-

tal Disorders, 34(2), 163–175. https://doi.org/10.1023/B:JADD.0000022607.19833.00 PMID: 15162935

39. Hill E, Berthoz S, Frith U (2004) Brief Report: Cognitive Processing of Own Emotions in Individuals with

Autistic Spectrum Disorder and in Their Relatives. Journal of Autism and Developmental Disorders, 34

(2), 229–235. https://doi.org/10.1023/b:jadd.0000022613.41399.14 PMID: 15162941

40. Leonardi E, Antonio Cerasa A, Famà FI, Cristina Carrozza C, Spadaro L, Scifo R, et al., (2020) Alexithy-

mia Profile in Relation to Negative Affect in Parents of Autistic and Typically Developing Young Children

Brain Sci. 2020, 10, 496; https://doi.org/10.3390/brainsci10080496 PMID: 32751299

41. Shah P, Hall R, Catmur C, Bird G. (2016) Alexithymia, not autism, is associated with impaired interocep-

tion. Cortex, 81, 215–220. https://doi.org/10.1016/j.cortex.2016.03.021 PMID: 27253723

42. Williams D (1994). Somebody Somewhere: Breaking Free from the World of Autism, Jessica Kingsley

43. Kinnaird E, Stewart C, Tchanturia K (2019) Investigating alexithymia in autism: A systematic review and

meta-analysis. European Psychiatry, 55, 80–89, https://doi.org/10.1016/j.eurpsy.2018.09.004 PMID:

30399531

44. Mul C., Stagg S. D., Herbelin B., & Aspell J. E. (2018). The Feeling of Me Feeling for You: Interoception,

Alexithymia and Empathy in Autism. Journal of Autism and Developmental Disorders, 48(9), 2953–

2967. https://doi.org/10.1007/s10803-018-3564-3 PMID: 29644587

45. Herbert BM, Herbert C, Pollatos O (2011) On the Relationship Between Interoceptive Awareness and

Alexithymia: Is Interoceptive Awareness Related to Emotional Awareness? Journal of Personality, 79

(5), 1149–1175. https://doi.org/10.1111/j.1467-6494.2011.00717.x PMID: 21241306

46. Muskens JB, Velders FP, Staal WG (2017) Medical comorbidities in children and adolescents with

autism spectrum disorders and attention deficit hyperactivity disorders: a systematic review. European

Child & Adolescent Psychiatry, 26(9), 1093–1103. https://doi.org/10.1007/s00787-017-1020-0 PMID:

28674760

47. Kerns CM, Newschaffer CJ, Berkowitz SJ (2015) Traumatic Childhood Events and Autism Spectrum

Disorder. Journal of Autism and Developmental Disorders, 45(11), 3475–3486. https://doi.org/10.1007/

s10803-015-2392-y PMID: 25711547

48. Hoover DW (2015) The Effects of Psychological Trauma on Children with Autism Spectrum Disorders:

a Research Review. Review Journal of Autism and Developmental Disorders, 2(3), 287–299. https://

doi.org/10.1007/s40489-015-0052-y

49. Haruvi-Lamdan N, Lebendiger S, Golan O, Horesh D (2019) Are PTSD and autistic traits related? An

examination among typically developing Israeli adults. Comprehensive Psychiatry, 89, 22–27. https://

doi.org/10.1016/j.comppsych.2018.11.004 PMID: 30579126

50. Taylor JL, Gotham KO (2016) Cumulative life events, traumatic experiences, and psychiatric symptom-

atology in transition-aged youth with autism spectrum disorder. Journal of Neurodevelopmental Disor-

ders, 8(1). https://doi.org/10.1186/s11689-016-9160-y PMID: 27468315

51. Mehtar M, Mukaddes NM (2011) Posttraumatic Stress Disorder in individuals with diagnosis of Autistic

Spectrum Disorders. Research in Autism Spectrum Disorders, 5(1), 539–546. https://doi.org/10.1016/j.

rasd.2010.06.020

52. Storch EA, Sulkowski ML, Nadeau J, Lewin AB, Arnold EB, Mutch PJ, et al. (2013) The Phenomenology

and Clinical Correlates of Suicidal Thoughts and Behaviors in Youth with Autism Spectrum Disorders.

Journal of Autism and Developmental Disorders, 43(10), 2450–2459. https://doi.org/10.1007/s10803-

013-1795-x PMID: 23446993

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 20 / 22

https://doi.org/10.1176/appi.psy.43.1.55
https://doi.org/10.1176/appi.psy.43.1.55
http://www.ncbi.nlm.nih.gov/pubmed/11927759
https://doi.org/10.1016/S0033-3182(92)72018-0
http://www.ncbi.nlm.nih.gov/pubmed/1539100
http://www.ncbi.nlm.nih.gov/pubmed/20108747
https://doi.org/10.1177/0956797612463582
http://www.ncbi.nlm.nih.gov/pubmed/23528789
https://doi.org/10.1001/jamapsychiatry.2014.3028
https://doi.org/10.1001/jamapsychiatry.2014.3028
http://www.ncbi.nlm.nih.gov/pubmed/25738232
https://doi.org/10.1023/B:JADD.0000022607.19833.00
http://www.ncbi.nlm.nih.gov/pubmed/15162935
https://doi.org/10.1023/b:jadd.0000022613.41399.14
http://www.ncbi.nlm.nih.gov/pubmed/15162941
https://doi.org/10.3390/brainsci10080496
http://www.ncbi.nlm.nih.gov/pubmed/32751299
https://doi.org/10.1016/j.cortex.2016.03.021
http://www.ncbi.nlm.nih.gov/pubmed/27253723
https://doi.org/10.1016/j.eurpsy.2018.09.004
http://www.ncbi.nlm.nih.gov/pubmed/30399531
https://doi.org/10.1007/s10803-018-3564-3
http://www.ncbi.nlm.nih.gov/pubmed/29644587
https://doi.org/10.1111/j.1467-6494.2011.00717.x
http://www.ncbi.nlm.nih.gov/pubmed/21241306
https://doi.org/10.1007/s00787-017-1020-0
http://www.ncbi.nlm.nih.gov/pubmed/28674760
https://doi.org/10.1007/s10803-015-2392-y
https://doi.org/10.1007/s10803-015-2392-y
http://www.ncbi.nlm.nih.gov/pubmed/25711547
https://doi.org/10.1007/s40489-015-0052-y
https://doi.org/10.1007/s40489-015-0052-y
https://doi.org/10.1016/j.comppsych.2018.11.004
https://doi.org/10.1016/j.comppsych.2018.11.004
http://www.ncbi.nlm.nih.gov/pubmed/30579126
https://doi.org/10.1186/s11689-016-9160-y
http://www.ncbi.nlm.nih.gov/pubmed/27468315
https://doi.org/10.1016/j.rasd.2010.06.020
https://doi.org/10.1016/j.rasd.2010.06.020
https://doi.org/10.1007/s10803-013-1795-x
https://doi.org/10.1007/s10803-013-1795-x
http://www.ncbi.nlm.nih.gov/pubmed/23446993
https://doi.org/10.1371/journal.pone.0255460


53. Liotti G (2004) Trauma, dissociation, and disorganized attachment: three strands of a single braid. Psy-

chotherapy, 41, 472–486. https://doi.org/10.1037/0033-3204.41.4.472

54. Nijenhuis ERS, Spinhoven P, Van Dyck R, Van Der Hart O, Vanderlinden J (1996) The development

and psychometric characteristics of the Somatoform Dissociation Questionnaire (SDQ-20),. Journal of

Nervous and Mental Disease, 184(11), 688–694. https://doi.org/10.1097/00005053-199611000-00006

55. Mattila A K, Ahola K, Honkonen T, Salminen JK, Huhtala H, and Joukamaa M (2007) Alexithymia and

occupational burnout are strongly associated in working population. J. Psychosom. Res. 62, 657–665.

https://doi.org/10.1016/j.jpsychores.2007.01.002 PMID: 17540223

56. Bourke M P, Taylor G J, Parker J DA, and Bagby R M (1992) Alexithymia in women with anorexia ner-

vosa. A preliminary investigation. Br. J. Psychiatry 161, 240–243. https://doi.org/10.1192/bjp.161.2.

240 PMID: 1521107

57. Hill E, Berthoz S, Frith U (2004) Brief Report: Cognitive Processing of Own Emotions in Individuals with

Autistic Spectrum Disorder and in Their Relatives. Journal of Autism and Developmental Disorders, 34

(2), 229–235. https://doi.org/10.1023/b:jadd.0000022613.41399.14 PMID: 15162941

58. Gaigg SB, Cornell AS, Bird G (2016) The psychophysiological mechanisms of alexithymia in autism spec-

trum disorder. Autism, 22(2), 227–231. https://doi.org/10.1177/1362361316667062 PMID: 27811193

59. Parker J D, Bagby RM, Taylor GJ, Endler NS, Schmitz P (1993) Factorial validity of the 20-item Toronto

Alexithymia Scale. Eur. J. Pers. 7, 221–232. https://doi.org/10.1002/per.2410070403

60. Ścigała DK, Zdankiewicz-Ścigała E, Bedyńska S, Kokoszka A (2020) Psychometric Properties and

Configural Invariance of the Polish–Language Version of the 20-Item Toronto Alexithymia Scale in Non-

clinical and Alcohol Addict Persons. Front. Psychol. 11:1241. https://doi.org/10.3389/fpsyg.2020.

01241 PMID: 32625145

61. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E (2001) The Autism-Spectrum Quotient

(AQ): Evidence from Asperger Syndrome/High-Functioning Autism, Males and Females, Scientists and

Mathematicians, Journal of Autism and Developmental Disorders, 31, 1, 5–17. https://doi.org/10.1023/

a:1005653411471 PMID: 11439754

62. Cabrera A, Kolacz J, Pailhez G, Bulbena-Cabre A, Bulbena A, Porges SW (2017) Assessing body

awareness and autonomic reactivity: Factor structure and psychometric properties of the Body Percep-

tion Questionnaire-Short Form (BPQ-SF). International Journal of Methods in Psychiatric Research, 27

(3), e1596. https://doi.org/10.1002/mpr.1596 PMID: 29193423

63. Gratz KL, Roemer L (2004) Multidimensional Assessment of Emotion Regulation and Dysregulation:

Development, Factor Structure, and Initial Validation of the Difficulties in Emotion Regulation Scale.

Journal of Psychopathology and Behavioral Assessment, 26, 1, 41–54.

64. Nijenhuis ERS, Spinhoven P, Van Dyck R, Van Der Hart O, Vanderlinden J (1996) The development

and psychometric characteristics of the Somatoform Dissociation Questionnaire (SDQ-20),. Journal of

Nervous and Mental Disease, 184(11), 688–694. https://doi.org/10.1097/00005053-199611000-00006

65. Hayes A (2018) Introduction to Mediation, Moderation, and Conditional Process Analysis. A Regres-

sion-based Approach. New York, NY: Guliford Press.

66. Pollatos O, Werner NS, Duschek S, Schandry R, Matthias E, Traut-Mattausch E, et al. (2011) Differen-

tial effects of alexithymia subscales on autonomic reactivity and anxiety during social stress. Journal of

Psychosomatic Research, 70(6), 525–533. https://doi.org/10.1016/j.jpsychores.2010.12.003 PMID:

21624575

67. Connelly M, Denney DR (2007) Regulation of emotions during experimental stress in alexithymia. Jour-

nal of Psychosomatic Research, 62(6), 649–656. https://doi.org/10.1016/j.jpsychores.2006.12.008

PMID: 17540222

68. Friedlander L, Lumley M, Farchione T, Doyal G (1997) Testing the alexithymia hypothesis: Physiologi-

cal and subjective responses during relaxation and stress. Journal of Nervous and Mental Diseases,

185, 223–239. https://doi.org/10.1097/00005053-199704000-00003 PMID: 9114808

69. Lombardo MV, Barnes JL, Wheelwright SJ, Baron-Cohen S (2007) Self-Referential Cognition and Empa-

thy in Autism. PLoS ONE, 2(9), e883. https://doi.org/10.1371/journal.pone.0000883 PMID: 17849012

70. Silani G, Bird G, Brindley R, Singer T (2008) Levels of emotional awareness and autism: an fMRI study.

Social Neuroscience; 3(2):97–112, https://doi.org/10.1080/17470910701577020 PMID: 18633852

71. Ben Shalom D, Mostofsky SH, Hazlett RL, Goldberg MC, Landa RJ, Faran Y, et al. (2006) Normal Phys-

iological Emotions but Differences in Expression of Conscious Feelings in Children with High-Function-

ing Autism. Journal of Autism and Developmental Disorders, 36(3), 395–400. https://doi.org/10.1007/

s10803-006-0077-2 PMID: 16565884

72. Xu P, Opmeer E M, van Tol M.-J, Goerlich KS, Alemanl A (2018) Structure of the alexithymic brain: A

parametric coordinate-based meta-analysis. Neuroscience & Biobehavioral Reviews, 87, 50–55.

https://doi.org/10.1016/j.neubiorev.2018.01.004 PMID: 29360475

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 21 / 22

https://doi.org/10.1037/0033-3204.41.4.472
https://doi.org/10.1097/00005053-199611000-00006
https://doi.org/10.1016/j.jpsychores.2007.01.002
http://www.ncbi.nlm.nih.gov/pubmed/17540223
https://doi.org/10.1192/bjp.161.2.240
https://doi.org/10.1192/bjp.161.2.240
http://www.ncbi.nlm.nih.gov/pubmed/1521107
https://doi.org/10.1023/b:jadd.0000022613.41399.14
http://www.ncbi.nlm.nih.gov/pubmed/15162941
https://doi.org/10.1177/1362361316667062
http://www.ncbi.nlm.nih.gov/pubmed/27811193
https://doi.org/10.1002/per.2410070403
https://doi.org/10.3389/fpsyg.2020.01241
https://doi.org/10.3389/fpsyg.2020.01241
http://www.ncbi.nlm.nih.gov/pubmed/32625145
https://doi.org/10.1023/a:1005653411471
https://doi.org/10.1023/a:1005653411471
http://www.ncbi.nlm.nih.gov/pubmed/11439754
https://doi.org/10.1002/mpr.1596
http://www.ncbi.nlm.nih.gov/pubmed/29193423
https://doi.org/10.1097/00005053-199611000-00006
https://doi.org/10.1016/j.jpsychores.2010.12.003
http://www.ncbi.nlm.nih.gov/pubmed/21624575
https://doi.org/10.1016/j.jpsychores.2006.12.008
http://www.ncbi.nlm.nih.gov/pubmed/17540222
https://doi.org/10.1097/00005053-199704000-00003
http://www.ncbi.nlm.nih.gov/pubmed/9114808
https://doi.org/10.1371/journal.pone.0000883
http://www.ncbi.nlm.nih.gov/pubmed/17849012
https://doi.org/10.1080/17470910701577020
http://www.ncbi.nlm.nih.gov/pubmed/18633852
https://doi.org/10.1007/s10803-006-0077-2
https://doi.org/10.1007/s10803-006-0077-2
http://www.ncbi.nlm.nih.gov/pubmed/16565884
https://doi.org/10.1016/j.neubiorev.2018.01.004
http://www.ncbi.nlm.nih.gov/pubmed/29360475
https://doi.org/10.1371/journal.pone.0255460


73. Tekin S, Cummings JL (2002) Frontal–subcortical neuronal circuits and clinical neuropsychiatry. Jour-

nal of Psychosomatic Research, 53(2), 647–654. https://doi.org/10.1016/s0022-3999(02)00428-2

PMID: 12169339

74. Swart M, Kortekaas R, Aleman A (2009) Dealing with feelings: characterization of trait alexithymia on

emotion regulation strategies and cognitive-emotional processing. PLoS One 4: e5751. https://doi.org/

10.1371/journal.pone.0005751 PMID: 19492045

75. Yelsma P (2007) Associations among alexithymia, positive and negative emotions, and self-defeating

personality. Psychol Rep. 100: 575–584. https://doi.org/10.2466/pr0.100.2.575-584 PMID: 17564235

76. Da Silva AN, Vasco AB, Watson JC (2018). Alexithymia and emotional processing: a longitudinal mixed

methods research. Research in Psychotherapy: Psychopathology, Process and Outcome. https://doi.

org/10.4081/ripppo.2018.292 PMID: 32913756

77. Mehling W (2016) Differentiating attention styles and regulatory aspects of self-reported interoceptive

sensibility. Phil. Trans. R. Soc. B 371: 20160013. https://doi.org/10.1098/rstb.2016.0013 PMID:

28080970

78. Mehling WE, Gopisetty V, Daubenmier J, Price CJ, Hecht FM, Stewart A (2009) Body awareness: con-

struct and self-report measures. PLoS ONE 4, e5614 https://doi.org/10.1371/journal.pone.0005614

PMID: 19440300

PLOS ONE Relationship between interoceptive sensibility and somatoform disorder in adults with autism spectrum traits

PLOS ONE | https://doi.org/10.1371/journal.pone.0255460 August 24, 2021 22 / 22

https://doi.org/10.1016/s0022-3999(02)00428-2
http://www.ncbi.nlm.nih.gov/pubmed/12169339
https://doi.org/10.1371/journal.pone.0005751
https://doi.org/10.1371/journal.pone.0005751
http://www.ncbi.nlm.nih.gov/pubmed/19492045
https://doi.org/10.2466/pr0.100.2.575-584
http://www.ncbi.nlm.nih.gov/pubmed/17564235
https://doi.org/10.4081/ripppo.2018.292
https://doi.org/10.4081/ripppo.2018.292
http://www.ncbi.nlm.nih.gov/pubmed/32913756
https://doi.org/10.1098/rstb.2016.0013
http://www.ncbi.nlm.nih.gov/pubmed/28080970
https://doi.org/10.1371/journal.pone.0005614
http://www.ncbi.nlm.nih.gov/pubmed/19440300
https://doi.org/10.1371/journal.pone.0255460

