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Abstract

Humans are highly adept at differentiating, regulating, and responding to their emotions. At the 

core of all these functions is emotional awareness: the conscious feeling states that are central 

to human mental life. Disrupted emotional awareness–a subclinical construct commonly referred 

to as ‘alexithymia’–is present in a range of psychiatric and neurological disorders and can have 

a deleterious impact on functional outcomes and treatment response. This chapter is a selective 

review of the current state of the science on alexithymia. We focus on two separate but related 

issues: i) the functional deficits associated with alexithymia and what they reveal about the 

importance of emotional awareness for shaping normative human functioning, and ii) the neural 

correlates of alexithymia and what they can inform us about the biological bases of emotional 

awareness. Lastly, we outline challenges and opportunities for alexithymia research, focusing 

on measurement issues and the potential utility of formal computational models of emotional 

awareness for advancing the fields of clinical and affective science.
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Introduction

Emotions are salient internal states that can promote adaptive behavioral outputs (Darwin, 

1872). Feeling anxious may inspire a tactical escape from an uncomfortable social situation, 

feeling unhappy might drive one to make a change in their career path, and feeling pleasure 

inspires another bite of chocolate ice cream. Recent decades have seen a rise in the use 

of modern neuroscientific tools to study emotional processes in humans and other species, 

leading to several–often conflicting–perspectives on the neurobiology of emotion and its 

emoted behavioral sequelae (Damasio, 1999; LeDoux, 2000; Dolan, 2002; Critchley, 2003; 

Lindquist et al., 2012; Seth and Friston, 2016; Adolphs, 2017; Barrett, 2017; Berridge, 
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2019). Across perspectives, there is a general consensus that emotion can be subdivided 

into a crude implicit valence and arousal signals that are generated primarily via subcortical 

and autonomic circuits, and a more complex explicit dimension (i.e., emotional awareness, 

or ‘feelings’) primarily computed via cortical circuits. For a thoughtful opinion on this two

system framework in the context of fear versus anxiety, see LeDoux and Pine (2016). The 

majority of experimental paradigms in human affective science have focused on subcortical 

and autonomic reactivity to emotional stimuli and fewer studies have been conducted that 

attempt to better understand the biology and function of conscious feelings. As a result, the 

neural circuits necessary for generating emotional awareness remain unclear and there is a 

lack of consensus on the fundamental question of whether emotional awareness represents 

an epiphenomenon or a functional dimension that mobilizes adaptive cognitive-behavioral 

responses to felt emotions (Adolphs et al., 2019).

The current chapter focuses on alexithymia, a construct that provides a unique opportunity 

to better understand the neural mechanisms and functions of emotional awareness and 

expression. Alexithymia is characterized by an impaired ability to be aware of, explicitly 

identify, and describe one’s feelings (Nemiah et al., 1976). Whereas implicit (e.g., 

physiological arousal) and explicit (e.g., self-reported emotion intensity) indicators of 

emotional reactivity tend to be highly associated in healthy volunteers, in alexithymia there 

is a decoupling of implicit and explicit emotional responses (Papciak et al., 1985; Stone 

and Nielson, 2001; Nielson and Meltzer, 2009; Gaigg et al., 2018). Multiple theoretical 

models of the alexithymia construct exist (Preece et al., 2017) but here we focus on the 

dominant Toronto model wherein alexithymia can be subdivided into an externally-oriented 

cognitive style (i.e., a tendency to focus on superficial information and avoid internal, affect

related thought), difficulty identifying feelings (i.e., diminished emotional awareness), and 

difficulty describing feelings (i.e., impaired expression of emotions through words; Bagby 

et al., 1994a). In the absence of neurological or psychiatric diseases or their treatment, 

alexithymia changes little over the lifespan in non-clinical populations, suggesting it is 

a relatively stable psychological trait (Luminet et al., 2001; Picardi et al., 2005; Rufer 

et al., 2006). Alexithymia can improve over the course of intervention for depressive 

symptoms and changes in alexithymia often correlate with the efficacy of pharmacological 

or psychotherapeutic treatment for depression (Özsahin et al., 2003; Spek et al., 2008; 

Cravello et al., 2009; Bressi et al., 2017). Much like trait anxiety or depression, alexithymia 

can be viewed as a dimension ranging from low-to-high in the general population and 

extending into the clinically pathological range (Parker et al., 2008). We will focus this 

chapter primarily on alexithymia in psychiatric and neurological illness. First, we review the 

transdiagnostic1 presence of alexithymia across affective, developmental, and neurological 

disorders, and – by extension – argue for the functional importance of emotional awareness 

for shaping adaptive functioning. Next, we will summarize extant evidence on the neural 

substrates of alexithymia and related constructs, summarizing how this work can provide 

insight into the neurobiology of emotional awareness. Lastly, we outline some challenges 

1Here and elsewhere, transdiagnostic refers to clinical phenotypes that present across traditional psychiatric and neurologic diagnostic 
categories.
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faced by alexithymia researchers and set the agenda for future research in this field, which 

should help to advance current understanding of alexithymia and its pathophysiology.

Alexithymia as a Transdiagnostic Clinical Symptom

Emotional Disorders & Alexithymia

Alexithymia was first described in patients seeking treatment for psychosomatic symptoms. 

A significant portion of patients experiencing somatic symptoms such as pain or fatigue 

also described being in a state of personal distress but had a striking inability to clearly 

articulate their feelings to clinicians (Sifneos, 1973; Nemiah et al., 1976). One might expect 

this blunted emotional awareness to protect individuals with alexithymia from negative 

feelings and perhaps to reduce anxiety and depression. However, the limited differentiation 

of emotional states in alexithymia seems to actually cause patients great difficulty with 

regulating and resolving negative affect. As a result, the prevalence of affective disorders is 

increased in this population (Lumley, 2000; Honkalampi et al., 2018).

The alexithymia construct has been criticized for strongly overlapping with depression, 

particularly given the high correlation between self-reported alexithymia and depression in 

healthy control participants (e.g. r=0.60; (Bagby et al., 1986)). Despite this association, 

subsequent factor analyses have indicated that the related constructs of alexithymia 

and depression are dissociable in both healthy and clinical populations (Parker et al., 

1991; Marchesi et al., 2000). A recent meta-analysis of 19 studies (sampling N=3,572 

participants) did suggest a moderate relationship between alexithymia and depressive 

symptoms, driven by associations between depression and the two affective dimensions 

of alexithymia (difficulty identifying feelings, and difficulty describing feelings; Li et al., 

2015). Categorical studies of patients with major depressive disorder (MDD) suggest a high 

prevalence of comorbid clinically-significant alexithymia relative to control participants 

(Leweke et al., 2012). When compared to patients with non-alexithymic MDD, this 

comorbidity appears to be associated with a particularly harmful MDD symptom profile, 

characterized by more severe depression and increased rates of psychoticism and phobia 

(Honkalampi et al., 2007; Kim et al., 2008; Onur et al., 2013). Patients with generalized 

anxiety disorder, panic disorder, and posttraumatic stress disorder also demonstrate higher 

rates of clinically-significant alexithymia relative to the general population (Shipko et 

al., 1983; Zeitlin and McNally, 1993; Frewen et al., 2008a; Onur et al., 2013). Finally, 

there is some evidence for an association between alexithymia and obsessive-compulsive 

disorder (OCD). In contrast to other anxiety phenotypes, which are associated with disrupted 

emotional awareness per se (i.e., difficulty identifying and describing feelings), OCD 

appears to be more strongly associated with an externally-oriented cognitive style (Bankier 

et al., 2001).

Emotion dysregulation—The development of adaptive regulation strategies for 

modulating the trajectory of ongoing emotions is central to many treatments for emotional 

disorders (Campbell-Sills and Barlow, 2007). A recent re-conceptualization of alexithymia 

described it as a primary deficit in the key emotion regulation processes of attending to 

(i.e., a deficit in internally-directed cognition) and appraising (i.e., difficulty identifying 
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and describing feelings) affective states (Preece et al., 2017). Several studies have found 

impaired emotion regulation abilities in individuals with elevated alexithymia (Barrett et al., 

2001; Swart et al., 2009). Correspondingly, alexithymia has been found to have a negative 

impact on outcomes of therapy for anxiety and mood disorders (Kosten et al., 1992; Leweke 

et al., 2009; Ogrodniczuk et al., 2011). Furthermore, difficulties with emotion regulation that 

are associated with alexithymia appear to be associated with increased rates of addictive 

behaviors, e.g. pathological gambling and excessive mobile phone and internet use (Elmas et 

al., 2016; Schimmenti et al., 2017; Gao et al., 2018) and substance addiction (Stasiewicz et 

al., 2012; Betka et al., 2018).

Development of Alexithymia & Autism Spectrum Disorder (ASD)

In general, there have been relatively few studies on the epidemiology of alexithymia, 

making it difficult to make definitive claims about the milieu of cultural and environmental 

factors that shape risk for the development of alexithymia. One study suggests that there 

are cross-cultural differences in alexithymia between European American and Asian (both 

Asian American and Malaysian) college students (Berenbaum and Raghavan, 2003), while 

another suggests that alexithymia levels are elevated in rural relative to urban populations 

(Joukamaa et al., 2007). Whereas some studies have found small effects of male sex and 

reduced years of education on alexithymia (Joukamaa et al., 2007; Levant et al., 2009), 

others have failed to observe such differences (Parker et al., 1989). Given alexithymia is 

common in patients with anxiety and depression, factors that contribute to their development 

might be expected to influence risk for the development of alexithymia. Anxiety and 

depression have complex etiologies involving environmental and genetic factors (Kendler, 

1992). Socioeconomic status is one environmental variable that has been shown to shape risk 

for the development of affective disorders in youth (Deng et al., 2006) but, in contrast, does 

not appear to shape one’s risk for developing alexithymia (Parker et al., 1989). In contrast, 

several studies have provided evidence that adverse childhood experiences and associated 

emotional trauma–which increase risk for anxiety and mood disorders (Deng et al., 2006; 

Sareen et al., 2013)–are associated with increased levels of alexithymia that continue into 

adulthood (Kench and Irwin, 2000; Kooiman et al., 2004; Bermond et al., 2008; Aust et 

al., 2013). Therefore, the development of alexithymia can be influenced by early childhood 

adversity.

Alexithymia is highly prevalent in several heritable neurodevelopmental disorders, 

suggesting that it may have, at least in part, a genetic component. In particular, individuals 

with autism spectrum disorder (ASD) have increased rates of clinically-significant 

alexithymia. A recent meta-analysis suggested that approximately 50% of individuals 

with ASD meet criteria for comorbid clinically-significant alexithymia, roughly 10 times 

the rate in the general population (Kinnaird et al., 2019). ASD has long been argued 

to comprise a fundamental defect in emotion. Impaired recognition of emotional faces 

(Uljarevic and Hamilton, 2013), decreased empathy (Baron-Cohen and Wheelwright, 2004), 

and blunted self-described experience of emotions (Losh and Capps, 2006) have been 

reported. These phenomena could simply reflect, at least in part, attenuated autonomic 

responses to affectively salient stimuli. However, while studies of autonomic responses 

of individuals with ASD in response to stimuli from the International Affective Picture 
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System do demonstrate some complex patterns of differences from control subjects, they 

do not support the concept that those with ASD have substantially defective autonomic 

responses (Bölte et al., 2008; Mathersul et al., 2013). Unfortunately, the vast majority of 

studies documenting aberrant social and internal processing of emotional content in ASD 

have not measured comorbid levels of alexithymia. When alexithymia is assessed in such 

studies, it tends to explain a significant portion of variance in neural and behavioral assays 

of emotional reactivity across both ASD and typical development (e.g. Silani et al., 2008; 

Bird et al., 2010). In fact, a recent body of work from Bird and colleagues suggests that 

most classically-reported emotion deficits in ASD are in fact driven by heightened comorbid 

levels of alexithymia in ASD relative to typical development (for a review, see Bird and 

Cook, 2013). These studies suggest that deficits in emotional face recognition (e.g., Cook 

et al., 2013), empathy (e.g., Santiesteban et al., 2020), and autonomic reactivity (e.g., Gaigg 

et al., 2018) in ASD are driven by heightened levels of alexithymia in this population, 

and are independent of core ASD symptoms (i.e., difficulties with communication and 

social interaction, and the presentation of restricted and repetitive patterns of behavior, 

interests, and activities). In fact, alexithymia levels are likely to drive increased rates 

of clinically-significant anxiety in ASD (Maisel et al., 2016), which is among the most 

common and impairing psychiatric comorbidities in this population (comorbidity estimates 

range from 40–80% (Simonoff et al., 2008; van Steensel et al., 2011). Given that inherited 

genetic variants are thought to be the dominant mechanism driving the development of 

ASD (Wang et al., 2009; Constantino et al., 2013), it is likely that clinically-significant 

alexithymia–a common and impairing feature of the ASD phenotype–may also have a 

genetic basis. There are few well-powered genetic investigations of alexithymia, but a 

recent genome-wide association study sampling common variants in 585 healthy individuals 

revealed several potential candidate genes that may influence the risk of developing 

alexithymia over the course of neurodevelopment (Mezzavilla et al., 2015). Therefore, 

it seems likely that, like other affective disorders, a complex mixture of environmental 

and genetic factors contributes to developmental alexithymia. Regardless of its genetic or 

environmental origin, developmental alexithymia is a robust transdiagnostic indicator of the 

emergence of psychopathology in adolescence (Weissman et al., 2020).

Acquired Alexithymia in Neurological Disorders

Whereas developmental alexithymia has been the focus of much alexithymia research, 

research on ‘acquired alexithymia’ caused by brain damage or dysfunction in neurological 

disorders has been increasing (Ricciardi et al., 2015). Acquired alexithymia refers to the 

presence of reduced emotional awareness in patients following the onset of some acquired 

disease or trauma than induces a brain disorder. At the outset, it must be noted that the 

field is lacking a prospective study demonstrating that any neurological disorder involves 

a true pre- to postmorbid change in alexithymia (Ricciardi et al., 2015). Although this is a 

fundamental limitation in the literature on neurological disorders and alexithymia, it seems 

more likely that acquired alexithymia is driven by a neurological mechanism, rather than 

reflecting incremental amplification of premorbid alexithymia.

Traumatic Brain Injury (TBI)—Closed-head traumatic brain injury (cTBI)–e.g. via a 

motor vehicle accident or contact sports injury–is the most common form of brain injury 
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and the most well-studied with respect to acquired alexithymia. cTBI involves widespread 

damage from the impact site to the deep cerebral white matter. These diffuse injuries cause 

complex neuropsychiatric sequelae (Sayer, 2012) and clinically-significant alexithymia is 

often prevalent in cTBI survivors. Alexithymia prevalence estimates in cTBI range from 30 

to 60%, compared to 10 to 12% in non-brain-injured control participants (Koponen et al., 

2005; Henry et al., 2006; Wood and Williams, 2007). Acquired alexithymia in cTBI appears 

to be independent of injury severity, presenting in mild, moderate, and severe cTBI patients 

(Koponen et al., 2005; Wood and Williams, 2007). Given the diffuse nature of the brain 

injury of cTBI, these studies have not enabled the identification of candidate brain regions or 

circuits that–if damaged–might cause acquired alexithymia symptoms. Such work is critical 

as it has the potential to elucidate the necessary neural substrates of emotional awareness. 

In a later section, Neurobiology of Emotional Awareness, we will consider cases of acquired 

alexithymia following focal, penetrating TBI that do enable such inferences.

Parkinson’s Disease (PD)—PD–a neurodegenerative disorder associated with profound 

loss of dopaminergic neurons in the substantia nigra (Dickson, 2012)–was originally 

characterized by a cluster of motor symptoms, but more recently there has been a surge 

in research directed at understanding the range of social and emotional impairments that 

progress over the course of PD. In particular, many studies have documented elevated rates 

of clinically-significant alexithymia in Parkinson’s disease. A recent review suggested that 

the prevalence of clinical alexithymia in PD is twice that in neurologically-healthy matched 

controls (Assogna et al., 2016). Patients with PD also present with a loss of motivation 

to obtain rewards (Ang et al., 2018) and an inability to learn from punishment when on 

dopaminergic medication (Frank et al., 2007), making it difficult to determine whether 

PD is associated with an aberrant implicit affective valence signal, or impaired emotional 

awareness per se. An examination of the specific functional role of the nigrostriatal pathway 

in affective processing will help to clarify whether alexithymia is likely to be a primary 

or secondary symptom in PD, a topic we will return to in the Neurobiology of Emotional 

Awareness section.

Neurovascular Diseases and Other Neurodegenerative Disorders.—In addition 

to TBI and PD, several neurovascular and neurodegenerative disorders have been thought 

to potentially cause acquired alexithymia. For example, patients with right brain stroke 

have higher rates of alexithymia than patients with left brain stroke (Spalletta et al., 2001; 

Bossu et al., 2009). Elevated levels of alexithymia have also been shown in patients with 

multiple sclerosis, semantic and frontotemporal dementia, Alzheimer’s disease, corticobasal 

syndrome, and Huntington’s disease (Bodini et al., 2008; Sturm and Levenson, 2011; 

Trinkler et al., 2013). However, whereas studies of alexithymia in TBI and PD have 

included a contrast between a well-characterized patient group and a neurologically healthy 

control group, most studies on alexithymia in stroke and other neurodegenerative disorders 

have not included controls. These studies have also typically collected small samples and 

very few of them have adequately controlled for potential confounding variance associated 

with comorbid depression (Ricciardi et al., 2015). Therefore, beyond TBI and PD, further 

research establishing the prevalence of acquired alexithymia in other neurological disorders 

is warranted.
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Functional Consequences of Alexithymia in Neurological Disorders—
Alexithymia has a disruptive effect on a variety of important outcomes in patients with 

neurologic disorders. In both PD and cTBI, clinically-significant alexithymia is associated 

with reduced quality of life and increased caregiver burden with a disruptive impact on 

interpersonal relationships (Williams and Wood, 2013; Klietz et al., 2020). The negative 

impact of alexithymia on functional outcomes has been particularly well-demonstrated in 

a series of cTBI studies by Williams, Wood, and colleagues, suggesting that alexithymia 

in cTBI is associated with decreased emotional empathy (Williams and Wood, 2010), 

increased somatic complaints and personal distress (Wood et al., 2009; Wood and Doughty, 

2013), as well as increased suicidal ideation (Wood et al., 2010). In each of these 

studies, alexithymia–and most frequently the difficulty identifying feelings subscale–was 

found to account for variance in these outcomes above that accounted for by anxiety 

and depression. The disruptive impact of alexithymia on emotional empathy in cTBI 

has been replicated by an independent group (Neumann et al., 2014). An association 

between alexithymia and degraded interpersonal relationships has also been demonstrated in 

patients with neurodegenerative disorders (Sturm and Levenson, 2011). Finally, pathological 

reward-guided decision making has been linked to increased alexithymia in patients with 

neurological disorders. For example, in penetrating TBI alexithymia has been associated 

with impaired value-based decision making (Hogeveen et al., 2019) and alexithymia in PD 

has been associated with impulsivity-compulsivity disorders (Goerlich‐Dobre et al., 2014). 

These studies indicate the importance of intact emotional awareness for making adaptive 

value-based decisions. Collectively, studies of patients with psychiatric and neurological 

disorders provide evidence that feelings are not a mere epiphenomenon of human emotion. 

Instead, emotional awareness plays a functional role in shaping adaptive behaviors and, 

when disrupted by alexithymia, can drive a host of negative affective and interpersonal 

outcomes.

Neurobiology of Emotional Awareness

Several neural circuits process different forms of information that are critical for the 

generation of normal human emotional awareness. Here, we selectively review some of 

the subcortical, cingulo-insular, and prefrontal networks that seem to be the most important 

in mediating emotional awareness (Figure 1). For each of these networks, we will highlight 

evidence from human lesion-mapping studies bearing on their role in encoding emotional 

awareness.

Subcortical Systems

The explicit feeling states that are disrupted in alexithymia are shaped by affective valence 

signals. The targets of mesocorticolimbic dopaminergic projections play an important role in 

the modulation of emotional feelings and alexithymia is often associated with impairments 

in these systems. Dopaminergic input from the ventral tegmental area (VTA) to the nucleus 

accumbens (NAc) and activity-dependent modulation of amygdala (AMY)-NAc circuits are 

essential for driving motivated behaviors and likely play a role in encoding the reward value 

of outcomes (Cador et al., 1989; Berridge and Robinson, 1998; Stuber et al., 2011). Further, 

NAc and AMY have been implicated in negative valence encoding, with different subregions 
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within NAc and AMY constituting modules for positive or negative valence encoding (Tye, 

2018; Berridge, 2019). Further complicating the picture, it has also been suggested that these 

modules themselves can change between positive/negative affective modes depending on 

their inputs (Berridge, 2019). Dopamine projections from the substantia nigra to the dorsal 

striatum have been linked to reward learning and motivated behavior (Kravitz et al., 2012) 

and have been shown to play a causal role in shaping negative valence processing (Bouchet 

et al., 2018). Despite extensive work linking these subcortical dopaminergic circuits to 

affective valence and motivated behavior, the evidence linking any of these pathways to 

the subjective experience of emotion is limited. Some work suggests that hedonic impact–

inferred from the presence of emotional facial expressions–is encoded in modules within 

NAc in rodents (Berridge and Kringelbach, 2015). However, it is unlikely that these facial 

expressions are indicative of emotional awareness per se, which may be unique to humans 

(Steklis and Lane, 2013; Smith et al., 2020).

The emotional sequelae of midbrain, striatal, and amygdala lesions or degeneration 

in humans can help to determine whether these subcortical substrates are necessary 

for emotional awareness. Lesions to the dorsal striatum in humans produce significant 

impairments in cognitive flexibility and reversal learning tasks (Cools et al., 2002; 

Bellebaum et al., 2008), likely reflecting connectivity with dorsolateral prefrontal cortex, 

but the degree to which these lesions impact emotional awareness and alexithymia has not 

been investigated. Given the high prevalence of alexithymia in PD, it is tempting to infer 

that the substantia nigra is necessary for emotional awareness in humans. However, there is 

ample evidence that PD is also associated with downstream effects at cortical sites including 

prefrontal cortex and insula (Kikuchi et al., 2001; Cools et al., 2002). Therefore, it is likely 

that alexithymia in PD represents a secondary consequence of the loss of dopaminergic input 

to fronto-opercular structures, rather than a primary consequence of disrupted emotional 

awareness encoding in nigrostriatal circuits.

Recent meta-analytic evidence has linked dysfunction of the amygdala to alexithymia scores 

in humans. Individuals with high alexithymia demonstrate hypoactivation of the amygdala in 

response to negatively valenced stimuli (van der Velde et al., 2013). Similarly, recognition 

of fearful facial expressions, or the experience of fear in response to negatively valenced 

visual stimuli, are both disrupted in Urbach-Wiethe Disease (UWD) patients with bilateral 

amygdala lesions (Adolphs, 2008; Feinstein et al., 2011). However, another classic lesion 

study suggested that day-to-day emotional experience was relatively intact in a patient 

with bilateral amygdala lesions (Anderson and Phelps, 2000). Pharmacologic manipulations 

(e.g., isoproterenol) and CO2 inhalation induce similar interoceptively-mediated experiences 

of anxiety and panic in UWD patients with bilateral amygdala lesions (Feinstein et al., 

2013; Khalsa et al., 2016). Therefore, alexithymia and changes in emotional experience in 

neurological disorders associated with mesostriatal or amygdala dysfunction (e.g. PD and 

UWD) are likely to be associated with a basic impairment in the pathways that generate 

affective valence, rather than a disruption of emotional awareness per se. Thus, these 

subcortical circuits do not appear to play a central role in emotional awareness.
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Prefrontal Cortex

Prominent theories of human consciousness argue that its contents are encoded in prefrontal 

cortex (PFC; Knight and Grabowecky, 1995; Lau and Rosenthal, 2011), and several regions 

within PFC likely contribute to processes that shape emotional awareness. Here, we focus 

on two regions that play a necessary role in emotional awareness: ventromedial prefrontal 

cortex (vmPFC2) and ventrolateral prefrontal cortex (vlPFC3). Tract tracing studies in 

nonhuman primates suggest that medial orbitofrontal regions homologous to human vmPFC 

are part of a monosynaptically connected network including both NAc and AMY (Amaral 

et al., 1992; Petrides and Pandya, 2007) and appear to encode value signals for shaping 

motivating behavior (Costa and Averbeck, 2020). In humans, meta-analytic functional 

neuroimaging evidence suggests that stimulus value is encoded in vmPFC during decision 

making (Bartra et al., 2013; Clithero and Rangel, 2014) and evidence from patients with 

focal lesions suggests that damage to this circuit causes patients to make pathological 

value-based decisions (Bechara et al., 2000; Hogeveen et al., 2017; Reber et al., 2017). 

These results suggest a role for vmPFC in value-based decision making. Additionally, 

neuroimaging studies have implicated vmPFC-AMY circuits in fear extinction and other 

forms of emotion regulation (Phelps et al., 2004; Braunstein et al., 2017), as well as emotion 

recognition and affective theory-of-mind (Shamay-Tsoory et al., 2005; Wolf et al., 2014). 

It has been speculated that vmPFC may contain several functionally-distinct modules for 

value-based decision making, emotion regulation, emotion recognition, and affective theory

of-mind (Hiser and Koenigs, 2018), though this hypothesis has not been tested within a 

single neuroimaging or lesion-symptom mapping study.

Clearly, vmPFC is critical to a variety of emotional processes. However, it is not clear 

whether or not the vmPFC is necessary for generating emotional awareness. There is 

human neuroimaging evidence suggesting that vmPFC regional cerebral blood-flow at rest 

is correlated with individual differences in the experience of negative affect (Zald et al., 

2002) and damage to vmPFC can lead to decreased experience of negative affect (Hornak 

et al., 2003). The relatively small number of human neuroimaging studies that have assayed 

alexithymia suggest blunted vmPFC recruitment in individuals with high alexithymia who 

make less altruistic decisions during social decision making (FeldmanHall et al., 2013). 

In addition, there is increased vmPFC recruitment during trauma imagery in patients with 

post-traumatic stress disorder (PTSD), who have heightened alexithymia (Frewen et al., 

2008b). Additionally, a recent voxel-based lesion-symptom mapping (VLSM) study of 

patients with penetrating TBI found that damage to several regions of vmPFC is associated 

with increased levels of acquired alexithymia–specifically driven by increased difficulty 

identifying feelings (Hogeveen et al., 2019). Therefore, it seems likely that some of the rich 

affective information encoded in vmPFC does enter into consciousness, and that damage 

to vmPFC is one contributor to low emotional awareness. vlPFC has also been linked to 

alexithymia. Damage to bilateral inferior frontal gyri (IFG), as defined by VLSM, has been 

associated with increased difficulty identifying feelings. Overlapping lesions involving left 

IFG caused deficits in performance on a language production task within the same cohort of 

2vmPFC: Comprising subgenual anterior cingulate, medial orbitofrontal cortex, and sectors of medial frontal cortex ventral to the 
anterior commissure
3vlPFC: Comprising bilateral inferior frontal gyri and lateral orbitofrontal cortex
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patients (Boston Naming test; Hobson et al., 2018). It has been argued that language is a key 

ingredient to the construction and differentiation of emotional experiences (Lindquist, 2017) 

and therefore, disrupted language abilities may be one contributor to acquired alexithymia 

in patients with neurological disorders (Hobson et al., 2019). Many patients with Broca’s 

aphasia following left inferior frontal gyrus damage experience affective sequelae (Gainotti, 

1997), which is unsurprising given the high degree of comorbidity between alexithymia and 

internalizing problems such as depression and anxiety.

Interoception Circuits

Theories of human emotion have long argued for a central role of physiological reactivity 

in shaping our feelings (James, 1884, 1894; Bard, 1934). Accordingly, neural circuits 

involved in ‘interoception’–i.e., perception of the current state of the viscera (e.g. heart 

rate, perspiration, etc.)– have been suggested to play a role in emotional awareness (Craig, 

2002, 2009; Medford and Critchley, 2010; Damasio et al., 2013). In particular, the insula 

and pregenual anterior cingulate cortex (pACC) have both been implicated in interoceptive 

and emotional awareness, and both neuroimaging studies in healthy volunteers and lesion

mapping studies in patients have linked these structures to alexithymia.

Cytoarchitectonic and connectivity analyses suggest the primate insula is organized along 

a functional posterior-to-anterior axis. Afferent interoceptive inputs (i.e., visceral, gustatory, 

nociceptive, and vestibular) arrive at postero-dorsal sectors of the insula (pINS) and this 

information is integrated in the antero-ventral insula (aINS), which connects bidirectionally 

with cognitive and affective circuitry in the vlPFC, pACC, AMY, and NAc (Taylor et al., 

2009; Benarroch, 2019; Palomero-Gallagher et al., 2019). aINS is therefore well-situated 

to contribute to emotional awareness by receiving ascending interoceptive inputs and 

communicating with structures encoding higher-order representations of goals, attention, 

and motor plans (namely, vlPFC and pACC; (Medford and Critchley, 2010; Gu et 

al., 2013). Human aINS is disproportionately large relative to aINS in other primate 

species (Bauernfeind et al., 2013); increased computational complexity enabled by cortical 

expansion of aINS and connected structures may provide essential support for the seemingly 

unique human capacity for emotional awareness (Smith et al., 2020). In line with this 

view, individuals with high alexithymia demonstrated blunted aINS recruitment when 

processing emotionally-salient images (Kano et al., 2003; Silani et al., 2008; Bird et al., 

2010; Reker et al., 2010). aINS volumes are also reduced and aINS structural connectivity 

is aberrant in individuals with high alexithymia (Borsci et al., 2009; Ihme et al., 2013; 

Bernhardt et al., 2014). Perhaps most compellingly, penetrating TBI patients with aINS 

lesions demonstrate a significant increase in total alexithymia scores relative to patients with 

minimal aINS damage, patients with no aINS damage, or non-brain-injured controls. This 

effect is primarily driven by scores on the increased difficulty identifying feelings dimension 

of alexithymia (Hogeveen et al., 2016). Acquired alexithymia resulting from insular lesions 

can have significant and deleterious impacts on reward valuation abilities (Hogeveen et 

al., 2019) and the endorsement of altruistic beliefs (Chau et al., 2018), providing further 

evidence for the functional importance of emotional awareness for decision making and 

social cognition. Therefore, there is good reason to suggest that aINS is necessary for 

generating emotional awareness.
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aINS and pACC are among the most commonly co-activated brain regions in the functional 

neuroimaging literature. It has been argued that they work together to form a salience 

network for shifting between interoceptive and exteroceptive information processing modes 

(Seeley et al., 2007; Menon, 2011; Uddin, 2014). However, the specific functional 

involvement of pACC in emotional awareness and how aINS and ACC interact to shape 

emotional awareness remain unclear. Functional neuroimaging studies have implicated 

increased pACC recruitment in a levels of emotional awareness scale that assays the 

complexity of the words one uses to describe feelings (Lane et al., 1998; McRae et al., 

2008). A recent meta-analysis of functional neuroimaging findings related to alexithymia 

supported this finding, suggesting that a large region in ACC spanning subgenual, pregenual, 

and supragenual sectors is recruited more strongly in response to affective stimuli in 

individuals with high alexithymia relative to individuals with low alexithymia (van der 

Velde et al., 2013). Structural imaging findings have been less consistent for ACC, with 

some studies finding increased (Gündel et al., 2004; Goerlich-Dobre et al., 2015) and others 

finding decreased (van der Velde et al., 2014) pregenual and supragenual ACC volumes in 

patients with high alexithymia. A recent meta-analysis did not reliably implicate pACC or 

other ACC subregion volumetric differences in alexithymia (Xu et al., 2018). Perhaps the 

most compelling evidence for ACC involvement in emotional awareness comes from the 

change in emotional traits that accompany lesions to this region. Patients with cingulotomy 

show reduced tension and anger as a result of perilesional damage to cingulate cortex 

immediately adjacent to the cingulum bundle (Cohen et al., 2001), and a case study of 

a patient with a right anterior cingulate infarct found clinically-significant alexithymia 

symptoms, including a profound impairment in identifying and naming affective pictures 

along with difficulty connecting bodily sensations with their associated feeling states 

(Schäfer et al., 2007). Collectively, aINS and ACC (in particular, pACC) appear to play 

an essential role in emotional awareness and demonstrate aberrant functional recruitment 

in alexithymic individuals. Damage to these structures can lead to acquired alexithymic 

symptoms.

One possible mechanism by which aINS and pACC aberrations drive alexithymia is 

via impaired ‘interoceptive awareness.’ Functional neuroimaging tasks designed to probe 

interoceptive awareness (e.g. heartbeat tracking) have reliably evoked activation in the 

aINS. The degree of interoceptive awareness on these tasks and aINS recruitment are 

associated with conscious emotional experience (Critchley et al., 2004; Zaki et al., 2012). 

Further, patients with pACC damage demonstrate diminished scaling of cardiovascular 

activity as a function of different levels of cognitive effort, suggesting pACC plays a role 

in facilitating autonomic responses (Critchley et al., 2003). This line of work has led to 

the suggestion that aINS has a necessary role in integrating ascending visceral sensory data 

to generate interoceptive awareness, while pACC is critical for coordinating appropriate 

motor and non-motor responses to interoceptive events and plays a role in the formation 

and regulation of interoceptive experience (Medford and Critchley, 2010). Alexithymia has 

been associated with a multidomain deficit in interoceptive awareness involving cardiac, 

respiratory, muscular, and gustatory systems (Murphy et al., 2018). Therefore, further 

research on aINS and pACC recruitment and functional connectivity during different 
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types of interoceptive processing will be essential to further clarifying their respective 

contributions to interoceptive and emotional awareness.

Interhemispheric Connectivity

Patients who underwent cerebral commissurotomy for treatment of intractable epilepsy 

often presented with “split-brain syndrome,” whereby tasks that required interhemispheric 

information transfer were impaired. For example, when presenting a visual stimulus 

selectively to the left hemifield, split-brain patients verbally reported that they did not 

see the stimulus, despite an intact ability to perform other types of manual or nonverbal 

responses that demonstrated that the stimulus had in fact been seen (Sperry et al., 1969). 

Given that this deficit was principally characterized by an impaired ability to verbally 

report information presented to the right hemisphere, Bogen and colleagues theorized 

that split-brain patients may also be impaired at generating words to express their 

feelings (i.e., may present with higher levels of alexithymia). In support of this view, 

commissurotomized patients demonstrated more factual and superficial responses in a semi

structured interview about their emotions, as well as when describing emotionally-salient 

stimuli (Hoppe and Bogen, 1977; TenHouten et al., 1986). Reduced alpha-band phase 

synchrony between hemispheres in these patients was associated with a more externally

oriented verbal description of their feelings (TenHouten et al., 1987). Acquired alexithymia 

in commissurotomized patients suggests that interhemispheric connectivity is necessary for 

normative emotional awareness. Further research is required on lateralization of emotional 

functioning but it is likely that interhemispheric connectivity facilitates emotional awareness 

by enabling individuals to simultaneously attend to and verbalize their feelings (cf., Hobson 

et al., 2019).

Challenges and Opportunities

Given the fact that emotional awareness is uniquely accessible to the individual, self

report has been the standard approach in alexithymia research “(e.g. Toronto Alexithymia 

Scale; Bagby et al., 1994). Self-report measures of alexithymia have yielded tremendous 

insight into the basics of the alexithymia construct, leading to several viable models of 

its underlying dimensions and estimates of its prevalence in the population and of its 

association with various psychiatric and neurological illnesses (Luminet et al., 2018). 

However, it has often been suggested that self-report measures reflect confounding traits 

that are independent of the actual constructs under investigation (Buchanan, 2016), and 

there may be a fundamental limitation on the degree to which self-report can reflect 

true underlying behavioral dispositions (Wilson and Dunn, 2004; Averbeck et al., 2013). 

As a result, total reliance on self-report measures limits our ability to gain insight into 

the neurocomputational mechanisms underlying emotional awareness and its disruption in 

alexithymia.

Promising approaches to moving beyond self-report in the study of emotional awareness 

and alexithymia include adopting objective performance-based measures, elucidating the 

association between objective and subjective assays, and the development of formalized 

computational models of emotional awareness. The Levels of Emotional Awareness Scale 
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(LEAS) has been developed to provide a performance-based assay of trait emotional 

awareness abilities. It relies on participants’ abilities to describe their anticipated feelings 

and those of another person in response to a series of vignettes (Lane et al., 1990). Each 

response is coded with respect to the degree to which it reflects five different levels of 

emotional awareness of increasing complexity (1 = awareness of physiological cues; 2 = 

undifferentiated emotion; 3 = single differentiated emotion label; 4 = blends of emotions; 

and 5 = ability to distinguish self- and other-referential emotions). The LEAS appears 

to demonstrate convergent validity with self-report measures: individuals with high self

reported alexithymia score lower on the LEAS than individuals with low self-reported 

alexithymia (Lane et al., 1996). However, the LEAS provides a performance-based assay 

that might be more objective than self-report measures. Some LEAS variance likely reflects 

individual differences in general cognitive functioning rather than emotional awareness 

per se. This measure would not be effective in populations of people who may have 

emotionally rich mental lives but have neurological or psychiatric disorders characterized 

by limited verbal abilities (e.g. individuals with intellectual disability). Another approach 

for moving beyond pure reliance on self-report in the field is to quantify the magnitude 

of the correlation between subjective and objective assays. For example, individuals with a 

strong correlation between self-reported emotional intensity and evoked heart rate or skin 

conductance responses during emotionally salient events are likely to have clear insight 

into their own affective state, whereas a weak correlation may reflect diminished insight 

into one’s emotions. Adopting this approach, a recent study found that individuals with 

increased alexithymia demonstrated a reduced association between psychophysiological 

reactivity and self-reported emotion intensity (Gaigg et al., 2018). Another study found 

that trial-wise changes in subjective confidence on an emotional recognition memory test 

were related to objective moment-to-moment heart rate variability dynamics (Legrand et 

al., 2020). Finally, aberrant aINS resting-state functional connectivity with the default-mode 

network in adolescents with ASD was associated with a greater discrepancy between self- 

and parent-reported4 internalizing, suggesting that this neural correlate is associated with 

decreased insight into one’s own emotions in adolescents with ASD (Hogeveen et al., 

2018). Therefore, probing the magnitude of the association between subjective and objective 

measures of one’s emotions could provide a more objective assay of trait emotional 

awareness than traditional self-report measures.

Lastly, the construct of emotional awareness, despite its intuitive appeal to clinical and 

affective scientists, remains poorly specified at the neurocomputational level. This lack of a 

clear mechanistic specification is a limitation for clinical work on alexithymia as it makes it 

difficult to move towards a precision medicine approach for facilitating emotional awareness 

in psychiatric and neurological populations (cf., Insel, 2014). In recent decades, there has 

been tremendous growth in the field of computational neuroscience, wherein mathematically 

formal, neurologically-plausible theories are developed and tested with the ultimate goal of 

establishing data-driven diagnoses and treatments for mental health disorders (Ferrante et 

al., 2019). A recent computational model of emotional awareness, incorporating a formal 

4Note: In this study, parent-reports were in better agreement with gold standard structured clinical interviews than self-report, 
suggesting the former represented a more objective symptom measure.
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Markov Decision Process, has yielded clear and testable hypotheses about seven distinct 

neurocomputational mechanisms that might drive disrupted emotional awareness in clinical 

populations (Smith et al., 2019). Some of the mechanisms that map particularly clearly 

onto clinical presentations of alexithymia include somatically-biased prior expectations (e.g. 

individuals with psychosomatic disorders and high alexithymia might misread a panic attack 

for a heart attack), coarse emotion concept acquisition (e.g. individuals who experience 

parental neglect in childhood may have diminished social learning of emotion categories), 

and reduced emotional metacognition (e.g., individuals with an externally-oriented cognitive 

style may conceptually understand emotions, but may ignore the presence of their own 

emotional states and focus more on external events; Smith et al., 2019). Adoption of this 

mathematically formalized conceptualization of emotional awareness could facilitate the 

development of testable hypotheses that help to elucidate the functional neurobiology of 

emotional awareness. Additionally, this approach could facilitate clinical assessment and the 

adoption of personalized mental health interventions to strengthen emotional awareness.

Conclusion

We began this chapter by pointing out that conscious feeling states are central to determining 

how we perceive social behavior and determine our agency. While we have identified crucial 

neural structures mediating these states and some of the disorders that lead to abnormalities 

of awareness of feelings, we also note that the modeling of conscious feeling states is 

likely to further advance the science of conscious emotional states and their management by 

cognitive processes.
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Figure 1. 
Surface display of the various structures that play a role in either coloring (e.g. valence 

circuits) or encoding (interoceptive and cognitive circuits) emotional awareness states.
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