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Emerging work has begun to recognize the interaction be-

tween interoception, social cognition and emotion (Craig,

2009; Ibanez & Manes, 2012; Shah, Catmur, & Bird, 2017).

Neurobiological theories have focused on the anterior insula

as the basis of this convergence, based in part upon knowl-

edge about the Salience Network (Seeley et al., 2007). In this

commentary, we discuss the recent convergent findings re-

ported by Adolfi et al. (2017), with a focus on how these find-

ings can inform our conceptualization of the role of the insula

across these constructs, and particularly how the neurode-

generative syndrome ‘behavioral variant frontotemporal de-

mentia’ (bvFTD) can be used as a disease model for studying

interactions between emotion processing, social cognition

and interoception.

Adolfi et al. (2017) used a two-fold approach to study the

neural crossroads of these constructs. First, they conducted

three meta-analyses of functional magnetic resonance imag-

ing (fMRI) studies in healthy adults to identify the areas that

show consistent co-activation across these constructs:

emotion, social cognition and interoception. A conjunction

analysis across these meta-analyses revealed a set of 14

clusters in insular, frontotemporal and subcortical regions.

Next, they empirically investigated emotion, social cognition

and interoception in 17 stroke patients with fronto-insulo-

temporal damage (overlapping with regions identified by the
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meta-analyses). The patients displayed deficits in each of the

three domains, while other cognitive abilities were relatively

preserved. Hence, the authors provide converging evidence

for the involvement of insular and frontotemporal regions in

emotion, social cognition and interoception and propose a

critical role for the insula (and associated networks) under-

pinning these constructs. In light of these novel findings, we

consider evidence for the role of the insula across these do-

mains in bvFTD.
1. Behavioral variant frontotemporal
dementia (bvFTD) and the anterior insula

bvFTD is the most common variant of frontotemporal de-

mentia (accounting for about 60% of frontotemporal dementia

cases) (Johnson et al., 2005). The syndrome is characterized by

progressive deterioration of behavior and social cognition,

including changes in social skills, emotions, personal conduct,

and self-awareness. Six core symptoms are recognized in the

revised diagnostic criteria (Rascovsky et al., 2011): (i) early (i.e.,

within the first three years of symptom onset) behavioral

disinhibition, e.g., socially inappropriate behavior, loss of

manner or decorum or impulsive actions; (ii) early apathy or

inertia; (iii) early loss of sympathy or empathy, e.g., dimin-

ished response to other people's needs and feelings,
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diminished social interest; (iv) early perseverative, stereo-

typed or compulsive/ritualistic behavior, e.g., repetitive

movements, stereotypy of speech; (v) hyperorality and dietary

changes, e.g., altered food preferences, binge eating, oral

exploration of inedible objects; and (vi) executive dysfunction;

with at least 3 of these 6 features required for a diagnosis of

bvFTD. This diagnosis is further supported by functional and/

or structural brain abnormalities (atrophy, hypometabolism

or hypoperfusion) in frontal and/or anterior temporal regions,

including the anterior insula (Rascovsky et al., 2011).

The insula is a structure embedded behind the lateral

posterior inferior frontal lobe and anterior temporal lobe (see

Fig. 1A). Typically, it is divided into anterior and posterior re-

gions, along the central insular sulcus, with more recent work

also recognizing dorsal and ventral anterior regions (Chang,

Yarkoni, Khaw, & Sanfey, 2013). The insula is highly con-

nected, with the anterior portion connecting with the lateral
Fig. 1 e A) Anatomy of the insula. The human insular cortex is l
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orbitofrontal cortex, while the posterior portion connects with

the superior temporal cortex. Of relevance here, literature

linking emotion processing, social cognition and inter-

oception with the insula, focuses predominantly on the

anterior portion of this structure. In bvFTD, both the ventral

(frontoinsula) and dorsal aspects of the anterior insular are

affected (Seeley, 2010).
2. Emotion processing

Deficits in emotion recognition have been well-documented in

bvFTD. While most studies have focused on verbal categoriza-

tionof facial expressions (for reviews, seeKumfor, Hazelton,De

Winter, Cleret de Langavant, & Van den Stock, 2017; Kumfor &

Piguet, 2012), deficits have also been reported under different

taskconditionsandstimulusmodalities includingvocal (Keane,
ocated bilaterally, deep within the lateral sulcus separating

a is covered with folds of the adjacent frontal, parietal, and

by the circular sulcus, and the deep central sulcus of the

sular gyri are found in the anterior insula (AI), whereas two
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Calder, Hodges, & Young, 2002; Snowden et al., 2008), bodily

(Van den Stock et al., 2015) and musical (Omar et al., 2011) ex-

pressionsof emotion. Emotion recognitionoffilmstimuli is also

impaired (Goodkind et al., 2015; Werner et al., 2007). Further-

more, the emotion recognition deficit in bvFTD appears to be

supra-modal in nature (Keane et al., 2002; Van den Stock et al.,

2015). Importantly, consistent with the results of Adolfi et al.

(2017), the structural neuro-anatomy associated with

impaired emotion recognition in bvFTD includes the anterior

insula (Kumfor, Irish, Hodges,& Piguet, 2013; Omar et al., 2011).

In addition to these deficits in recognizing emotions in

others, experimental studies have demonstrated that bvFTD

patients have abnormal emotion suppression, emotion gener-

ation and experience of self-conscious emotion. For instance,

bvFTD patients viewing disgust-invoking stimuli display

reduced facial expressions of disgust, reduced physiological

reactivity and reduced self-reported experience of disgust,

compared to controls (Eckart, Sturm, Miller, & Levenson, 2012).

Interestingly, patients with bvFTD appear to show increased

reactivity to happy stimuli (films), which is related to reduced

integrity of left-lateralized fronto-striatal regions, together

with the left anterior insula (Sturm et al., 2015). Emotion

recognition of negative film stimuli is impaired, yet the asso-

ciated psychological reactivity does not appear to differ from

controls (Werner et al., 2007). Future studies which incorporate

simultaneous, discrete physiological measures will assist in

unravelling the relationship between biological markers and

behavioral performance of emotion processing in bvFTD. In

addition, while previous studies commonlymeasure volume of

large brain structures, advanced neuroimaging techniques

which allow for more detailed investigation of insula integrity

will help clarify the relationship between this brain region and

emotion processing in bvFTD.
3. Social cognition

While social cognition is typically considered an umbrella term

that covers several subdomains, including emotion recogni-

tion, Adolfi et al. (2017) operationalize social cognition as the

interpretation of mental states of others, i.e., mentalising.

While they included the terms ‘empathy’ and ‘theory of mind’

in their meta-analysis, in their lesion study they employed the

‘Reading the Mind in the Eyes Test’ (RMET) only (Baron-Cohen,

Wheelwright, Hill, Raste, & Plumb, 2001). On this task, partici-

pants label mental states based on visual information dis-

played by the eyes. The results revealed a marked impairment

in the lesion group. Patients with bvFTD are also impaired on

this test (Couto et al., 2013; Gregory et al., 2002; Torralva, Roca,

Gleichgerrcht, Bekinschtein, & Manes, 2009) and other tests of

social cognition including both empathy and theory of mind

assessment (for review see (Kumfor et al., 2017)). Importantly,

again performance on such tasks is correlatedwith greymatter

volume of the insula (e.g., Baez et al., 2017).
4. Interoception

Interoception refers to one's sensation of physiological body

signals, including awareness of autonomic processes like
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one's heartbeat. In bvFTD, interoception has been elegantly

investigated by Iba~nez and colleagues (Garcia-Cordero et al.,

2016) using a heartbeat detection task. They measured inter-

oceptive accuracy by having participants tap on a keyboard

synchronically with their heartbeat. The results revealed a

marked impairment in the bvFTD group, which was neuro-

anatomically associated with grey matter volume in the

anterior insula and fronto-temporal regions. Of relevance

here, autonomic changes not related to interoception have

also been reported in bvFTD, with patients showing reduced

baseline cardiac vagal tone, which is related to structural and

functional characteristics of the anterior insula (Guo et al.,

2016).

In addition, other somatosensory deficits have also been

reported in bvFTD, particularly altered noci- and thermo-

ception. Caregiver questionnaires of sensitivity to pain and

temperature have indicated alterations (both hyper- and

hypo-responsiveness) in bvFTD. Converging with the results

by Adolfi et al. (2017), changes in perception of pain and

temperature were associated with grey matter volume of the

right mid and posterior insula (Fletcher et al., 2015). Interest-

ingly, evidence suggests a relationship between changes in

autonomic functions and behavior, pointing towards a link

between internal body states and social cognition. Specif-

ically, in bvFTD, abnormal parasympathetic outflow predicts

emotional traits like agreeableness (Guo et al., 2016). In

keeping with this observation, when exposed to an unantici-

pated aversive auditory stimulus, patients with bvFTD show

an intact automatic startle response, however, the subse-

quent self-conscious emotional response is less common in

bvFTD than healthy controls (Sturm, Rosen, Allison, Miller, &

Levenson, 2006). While this study did not include neuro-

imaging analyses, the authors postulated that integrity of the

anterior insula, together with the medial prefrontal, orbito-

frontal and anterior cingulate cortices, was a plausible neural

substrate, due to its role in monitoring internal physiological

states (Sturm et al., 2006). Research investigating changes in

interoception in these patients are only beginning to emerge;

however, the results to date support Adolfi et al.'s (2017) claim
that integrity of the anterior insula is essential for accurate

recognition of body states and that damage to this region can

give rise to changes in social behavior.
5. Degeneration of the insula at the heart of
bvFTD?

The evidence reviewed above reveals that emotion recogni-

tion, mentalising and interoception abilities are affected in

bvFTD and that each of these deficits has been independently

associated with structural integrity of the insula in this pop-

ulation. Untangling the common mechanism underlying

these apparently separable domains is challenging. The most

parsimonious explanation would hypothesize an insula-

grounded single common neuropsychological process under-

lying emotion recognition, mentalising and interoception.

Currently, however, little is known about the behavioral as-

sociations between these three constructs. While increasing

evidence has demonstrated a decline in emotion recognition,

social cognition (mentalising) and interoception in bvFTD,
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how these constructs are related remains mostly unexplored

(see Fig. 2).

Studies addressing this issue will be important to provide

information about the interdependence of emotion recogni-

tion, mentalising and interoception, and how these domains

relate to the anterior insula, in both normal and clinical pop-

ulations. Currently, we are not aware of any paradigms that

allow simultaneous assessment of these domains, but inves-

tigating interdependencies between separate tasks will help

to increase our understanding of the underlying structure of

these constructs. Regarding the empirical dataset of Adolfi

et al. (2017), it would be interesting to investigate correla-

tions between deficits in emotion recognition, mentalising

and interoception in their patient sample, as well as exploring

whether a single common factor can be extracted and related

to the structural characteristics of the insula. More sophisti-

cated mathematical procedures like structural equation

modelling (e.g., path analysis) could shed light on the orga-

nizational structure of these latent variables and reveal which

task domain influences the others, in certain contexts.

Currently, little empirical evidence is available regarding the

inter-relatedness of emotion, mentalising and interoception,

as studies to date rarely investigate these domains concur-

rently. Clinically, each of these domains are progressively

impaired in bvFTD, although it is unclear whether these
Fig. 2 e Schematic overview of the three domains investigated

reported in bvFTD. The question marks refer to the relatively u

constructs of interest.
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domains are affected simultaneously, or if changes in one

domain predicts the emergence of deficits in others. Indirect

evidence suggests that mentalizing deficits may emerge in

prodromal bvFTD, although this could equally be the case for

emotion processing and interoception (Pardini et al., 2013).

The revised diagnostic criteria further specify that socially

inappropriate behavior, apathy and empathy deficits should

occur within the first 3 years of symptom onset, while this is

not the case for dietary changes (Rascovsky et al., 2011). If the

latter reflects deficits in interoception, this may imply delayed

onset of interoceptive deficits, compared to emotional and

socio-cognitive abnormalities, although dietary changes may

constitute a correlate of severely deteriorated interoception

capacity. Furthermore, the idiosyncratic pattern of symptoms

can vary significantly across bvFTD cases.

While some of the existing studies in bvFTD highlight the

role of the anterior insula, many studies do not consider

specific subregions of the insula. While this is in part due to

the lack of specificity of available anatomical reference

atlases, consideration of subregions of the insula (i.e., anterior

vs posterior and anterior dorsal vs anterior ventral) and con-

nections between the insula and other brain structures (e.g.,

orbitofrontal cortex, temporal pole, amygdala, medial pre-

frontal cortex) will help to shed further light on the specific

role of this complex structure (Fig. 1B).
by Adolfi et al. (2017), integrated with associated deficits

nexplored common processes underlying the three
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It has also been proposed that the involvement of the

anterior insula in a wide variety of neuropsychological func-

tions reflects its primary role in saliency processing. The

Salience Network, which includes the ventral anterior insula

(frontoinsula) and pregenual anterior cingulate cortices is

involved in processing homeostatically diverse, relevant in-

ternal and external stimuli, including emotion, pain, and

reward (Seeley et al., 2007). Reduced Salience Network con-

nectivity in bvFTD is associated with more severe clinical

symptoms (Zhou et al., 2010). Functioning as an integral hub,

the anterior insula also mediates dynamic interactions be-

tween other large-scale brain networks involved in other do-

mains (Menon & Uddin, 2010). In this context, the

symptomatology observed in bvFTD may be interpreted as a

failure to appropriately respond to salient cues in the envi-

ronment and balance the functions between large-scale brain

networks, which manifests as abnormal social behavior due

to patients' inability to evaluate and infer appropriate re-

sponses in social situations (Zhou & Seeley, 2014). Indeed, a

causal influence of the Salience Network on the Default Mode

Network has been linked to abnormalities in moral reasoning

in bvFTD (Chiong et al., 2013). The potential of studying

neuropsychiatric syndromes to shed light on brain networks

is increasingly recognized (Irish, Piguet, & Hodges, 2012;

Kumfor, Dermody, & Irish, 2015). Although only just

emerging, interpretation of the role of the anterior insula from

this network perspective, and its breakdown in bvFTD, is an

important avenue for future work. Fig. 1B provides a

functional-anatomic working model of network dysfunction

in bvFTD, with the anterior insula at the core (see also Zhou &

Seeley, 2014).

In conclusion, the results of Adolfi et al. (2017), converge

well with the deficits observed in bvFTD and our under-

standing of the neurobiological basis of these changes in

emotion, mentalising and interoception. A better under-

standing of the common factors underlying interoception,

emotion recognition and mentalising will shed light on the

functional properties of the anterior insula and associated

regions involved in emotion, social cognition and inter-

oception (Craig, 2009). A longitudinal approachwith a protocol

including tasks of emotion, social cognition and interoception,

together with structural and functional brain network con-

nectivity measures, will be important to refine socio-affective

neurobiological theories and the role of the anterior insula.
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