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Abstract
Objectives: Frontotemporal dementia (FTD) syndromes are a complex group of disorders 
characterised by profound changes in behaviour and cognition. Many of the observed behav-
ioural abnormalities are now recognised to be due to impaired social cognition. While deficits 
in emotion recognition and empathy are well-recognised in behavioural-variant (Bv)FTD, lim-
ited information exists about the nature of social cognitive impairment in the language variant 
primary progressive aphasia (PPA) that includes progressive non-fluent aphasia (PNFA) and 
semantic dementia (SD), and in the motor variants FTD amyotrophic lateral sclerosis (FTD-ALS) 
and FTD progressive supranuclear palsy (FTD-PSP). This prospective study sought to explore 
the nature and profile of social cognition deficits across the spectrum of FTD. Methods: Sixty 
patients on the FTD spectrum, i.e., classical (16 with BvFTD and 20 with PPA) and overlap FTD 
syndromes (13 with FTD-ALS and 11 with FTD-PSP) were evaluated by means of the social 
cognition tasks, the Interpersonal Reactivity Index (IRI) for empathy, and pictures of facial af-
fect (POFA) for emotion recognition. General cognition and behaviour were also assessed. 
Results: A significant impairment in emotion recognition and empathy was detected in both 
the classical and overlap FTD syndromes. The recognition of positive emotions was relatively 
preserved compared to that of negative emotions. Among the FTD subtypes, maximal impair-
ment of empathy was demonstrated in FTD-PSP. Conclusion: Social cognition impairment is 
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pervasive across the spectrum of FTD disorders, and tests of emotion recognition and empa-
thy are clinically useful to identify the nature of behavioural problems in both classical and 
overlap FTD. Our findings also have implications for understanding the neural basis of social 
cognition in FTD. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Frontotemporal dementia (FTD) syndromes are a complex group of neurodegenerative 
disorders characterised by profound changes in behaviour and cognition [1]. The FTD 
spectrum is heterogeneous and comprises classical behavioural-variant (Bv)FTD and the 
language variant primary progressive aphasia (PPA), which includes progressive non-fluent 
aphasia (PNFA) and semantic dementia (SD) [2, 3]. Recently, overlap syndromes are increas-
ingly being recognized; these are characterised by a range of motor features in association 
with the cognitive-behavioural syndrome of FTD. These include: FTD amyotrophic lateral 
sclerosis (FTD-ALS), FTD progressive supranuclear palsy (FTD-PSP), and FTD corticobasal 
syndrome (FTD-CBS) [4–8]. Research indicates that social cognition deficits underlie the 
complex behavioural problems exhibited by patients with FTD [9]. Social cognition refers to 
the processing of social information and is conceptually categorised into 3 domains: emotion 
recognition, empathy, and theory of mind [10]. Emotion recognition is the ability to identify 
another person’s emotions. The ability to understand, be aware of, and vicariously experience 
the feelings, thoughts, and experience of another person constitute empathy; theory of mind 
is the ability to attribute independent mental states to other individuals in order to under-
stand and predict their behaviour [11].

While social cognition deficits contribute significantly to disability and care-giver stress, 
they are often underdiagnosed [12]. The importance of assessing social cognition is now 
formally recognized in the 5th edition of the Diagnostic and Statistical Manual (DSM-5) 
criteria for Mental Disorders, and it is included as a core neurocognitive domain to diagnose 
dementia [13]. The standard tests used in the assessment of emotion recognition include 
pictures of facial affect (POFA) [14], the Florida Affect Battery [15], and the Interpersonal 
Reactivity Index (IRI) to evaluate empathy [16].

Social cognition impairment has been consistently demonstrated in BvFTD [1, 7–9, 
17–21]. Impaired emotion recognition and empathy have also been reported in patients with 
PPA [22–26]. Similar investigations into overlap FTD syndromes are very limited, and these 
studies have small sample sizes and use variable methods to identify social cognition deficits 
with varying results [27–29]. The nature and extent of social cognition deficits across the 
different subtypes of FTD is hence still unclear. Our study was designed to investigate the 
frequency and pattern of the social cognition deficits, emotion recognition and empathy, in 
classical (BvFTD, PNFA, and SD) and overlap FTD (FTD-ALS and FTD-PSP) syndromes, using 
tests that are locally validated and clinically relevant.

Methodology

Participants
Of the 75 consecutive FTD patients evaluated in the Cognitive Neurology Clinic during the 

study period 2017–2019, social cognition was assessed in 60 patients. Fifteen patients were 
excluded due to severe disease (Clinical Dementia Rating Scale [CDR] score ≤2), non-avail-
ability of reliable caregiver or incomplete data. The sample size of 60 was considered adequate 
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to assess social cognition in the dementia cohort according to a power analysis calculation (a 
power of 0.81 at an α value of 0.05). The classical FTD syndromes included 16 cases of BvFTD 
and 20 of PPA (13 PNFA and 7 SD). The overlap FTD syndromes included 13 cases of FTD-PSP 
and 11 of FTD-ALS. The diagnoses of BvFTD, PNFA, and SD were based on the Frontotemporal 
Lobar Degeneration Criteria [30]. The diagnosis of FTD-PSP was based on the criteria in 
Litvan et al. [4]. The diagnosis of FTD-ALS was based on the criteria in Strong et al. [31]. The 
diagnosis of overlap FTD syndromes was made in patients who had features of both classical 
FTD (either behavioural or language) and motor features (ALS or PSP) at the time of presen-
tation.

All 13 patients with FTD-PSP had both behavioural symptoms and features of PSP at their 
initial evaluation. In 9 of these 13, the onset was with behavioural features, 3 patients showed 
behavioural abnormalities that followed features of PSP, and 1 patient with FTD-PSP had 
additional features of PNFA. Of the 11 patients with overlap FTD-ALS, 6 had features satis-
fying the consensus criteria for BvFTD at the onset of illness and subsequently developed 
manifestations of ALS at presentation, but the onset of these 2 symptom complexes was in the 
reverse order in the other 5 patients.

Demographic and clinical data was collected through interviews with patients and 
reliable caregivers. All patients were subjected to neurological and neuropsychological eval-
uations, laboratory tests, and brain MRI. Cognitive assessment was done using Addenbrooke’s 
Cognitive Examination-III (ACE-III) [32] adapted for Indian languages. The Frontal Systems 
Behavioural Evaluation (FrSBe) [33] was used to evaluate behaviour. The neuropsychological 
evaluation was done using Digit Span and the Trail-Making Test A & B (TMT A & B) for 
attention and executive functions [34], the Verbal Learning Test (VLT) and modified Taylor 
Complex Figure Test (MTCF) for episodic memory, the Picture Naming Test (PNT) for language 
assessment, and an MTCF copy was used for the assessment of visuospatial functions. These 
tests were derived from the Indian Council of Medical Research Neurocognitive Tool Box (the 
ICMR-NCTB), which is adapted and validated for use in Indian languages [35]. Semantic 
memory was assessed using a semantic association task, a subtask of the Indian version of 
the Cambridge Semantic Battery [36].

Measures of Social Cognition
Social cognition was assessed in all patients using the IRI for empathy and POFA for 

emotion recognition [37]. These tests have been adapted and validated for the Indian context 
[34–36].

Interpersonal Reactivity Index
The IRI, a test of empathy, has good psychometric properties across various cultures [16]. 

It includes 4 categories: perspective-taking (PT), empathic concern (EC), personal distress 
(PD), and fantasy scale (FS), with 7 items in each category giving a total of 28 items. Each item 
is answered using a 5-point Likert scale ranging from “does not describe him/her well” to 
“describes him/her very well”. Pre- and post-disease onset scores were collected. PT measures 
the tendency to spontaneously adopt the psychological point of view of others in everyday 
life. Similarly, EC measures the extent to which an individual experiences sympathy for others. 
FS evaluates an individual’s ability to switch himself/herself into the roles of fictitious char-
acters in books or movies. PD measures “self-oriented” feelings of personal anxiety in tense 
interpersonal settings.

Pictures of Facial Affect
POFA was used to examine the ability to identify emotions according to emotional valence 

of faces. The original test [14] consisted of 110 black-and-white photographs of facial expres-
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sions. Happiness and surprise are considered as positive emotions while anxiety, disgust, 
fear, and sadness are considered as negative emotions. Keeping in view the lower attention-
span for testing in dementia patients, we adapted a shorter version comprising 56 pictures, 
with 8 pictures for each emotion [36]. The percentage of correct responses for each emotion 
was calculated. 

Statistical Analysis
All data was analysed using the Statistical Package for Social Sciences (SPSS) software 

v16.0 (SPSS, Chicago, IL, USA). The demographic comparison of continuous variables was 
done using ANOVA and categorical variables by means of the χ2 or Fisher’s exact test. The 
performance in neuropsychological tests, FrSBe and IRI scores before and after illness, and 
POFA score were assessed using ANOVA, and Tukey’s test was used for post hoc analysis of 
normally distributed data. The Kruskal-Wallis test was used to analyse the non-normally 
distributed data (TMT A & B and MTCF). The missing values were not considered for the 
ANOVA analysis. The paired t test was used to compare IRI and FrSBe scores pre- and post-
illness between different FTD subtypes. The correlation between ACE-III and POFA scores 
were determined by Pearson’s/Spearman’s rank correlation. p < 0.05 was considered statis-
tically significant.

Results

Demographic and Clinical Characteristics
A total of 60 patients with classical and overlap FTD syndromes were recruited. Mean age 

of the cohort was 59.5 ± 7.8 years, mean number of years of education was 10.0 ± 4.7, 61% 

Table 1. Demographic and clinical characteristics of the subtypes of frontotemporal dementia (FTD)

BvFTD
(n = 16)

PNFA
(n = 13)

SD
(n = 7)

FTD-ALS
(n = 11)

FTD-PSP 
(n = 13)

p value

Age, years 56.1 (9.8) 60.3 (5.2) 58.5 (5.9) 59.5 (6.1) 63.4 (8.1) 0.153
Years of education 11.8 (4.5) 9.0 (5.0) 11.4 (4.6) 9.8 (2.6) 8.1 (5.5) 0.234
Males, n (%) 10 (62.5) 8 (61.5) 4 (57.1) 9 (81.8) 6 (46.2) 0.512
Duration of symptoms, months 40.0 (39.0) 30.0 (28.8) 35.1 (13.1) 28.1 (14.4) 36.9 (18.1) 0.785
CDR score, %

Very mild 2 (16.7) 0.117
Mild 6 (46.2) 2 (33.3) 5 (38.5) 8 (50.0) 8 (66.7)
Moderate 7 (53.8) 5 (66.7) 8 (61.5) 8 (50.0) 2 (16.7)

ACE-III
Total score (max score: 100) 48.6 (20.9) 39.5 (17.1) 52.3 (24.7) 53.4 (14.8) 47.4 (22.9) 0.481

ACE-III subscale scores
Attention (max score: 18) 9.1 (4.5) 12.0 (4.9) 8.8 (3.9) 10.6 (5.1) 11.1 (3.5) 0.449
Memory (max score: 26) 12.0 (4.9) 8.8 (3.9) 10.6 (5.1) 11.1 (3.5) 9.1 (4.5) 0.399
Fluency (max score: 14) 4.9 (2.9) 1.9 (2.1) 4.1 (3.2) 5.3 (3.3) 6.7 (2.8) 0.003a

Language (max score: 26) 12.0 (7.5) 9.4 (7.1) 6.5 (6.1) 9.9 (5.1) 8.9 (5.2) 0.246b

Visuospatial (max score: 16) 9.7 (5.2) 11.6 (4.5) 9.9 (3.8) 10.7 (4.5) 11.4 (2.5) 0.783

Values are represented as mean (standard deviation), unless otherwise indicated. BvFTD, behavioural-variant frontotem-
poral dementia; PNFA, progressive non-fluent aphasia; SD, semantic dementia; ALS, amyotrophic lateral sclerosis; PSP, 
progressive supranuclear palsy; CDR, Clinical Dementia Rating Scale; ACE-III, Addenbrooke’s Cognitive Examination-III.

a Post hoc analysis showed significantly reduced fluency in PNFA compared to BvFTD, FTD-ALS, and FTD-PSP.
b SD had significantly impaired language compared to BvFTD.
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were males, and the mean duration of symptoms was 34.1 ± 4.8 months. Among the 60 
patients, 16.6% (10) had a family history of memory, behavioural, or motor disturbances. 
There was no difference between the subtypes in demographic profile, age at presentation, 
duration of symptoms, and dementia severity (Table 1).

Cognitive Characteristics of the FTD Subtypes
The mean total scores on ACE-III were comparable across all subtypes (Table 1). With 

respect to the subdomains of ACE-III, fluency was lowest in PNFA versus BvFTD (p < 0.003), 
FTD-ALS (p < 0.001), and FTD-PSP (p < 0.010). Language scores were significantly lower in 
SD than in BvFTD (p < 0.039). In the neuropsychological evaluation, tests of attention, exec-
utive function, and episodic memory were equally impaired across all subgroups (Table 2). 
The SD cohort had the poorest performance of all the subtypes in the PNT (p < 0.021) and 
semantic association task (p < 0.002). With respect to the assessment of executive and visuo-
spatial functions, 13 (21.6%) and 12 (20%) patients were not able to perform the TMT A & B 
and MTCF tests, respectively, due to behavioural disturbances, impaired comprehension, or 
motor impairment. No significant differences were found between subtypes among the 
patients tested.

Behavioural Features of the FTD Subtypes
Caregivers of the entire FTD cohort as well the individual subtypes reported a significant 

change across all behaviours: apathy (t59 = –12.2; p < 0.001; 95% confidence interval [CI] 
–21.9 to –15.8), disinhibition (t59 = –8.4; p < 0.001; 95% CI –15.5 to –9.6), and executive 
dysfunction (t59 = –4.6; p < 0.001; 95% CI –10.8 to –4.6). There were no differences noted 
between the different subtypes of FTD (Table 3).

Table 2. Neuropsychological test performance in subtypes of frontotemporal dementia (FTD)

BvFTD
(n = 16)

PNFA
(n = 13)

SD
(n = 7)

FTD-ALS
(n = 11)

FTD-PSP 
(n = 13)

p value

Attention and executive function
Digit forward (6±1) 4.1 (1.9) 3.0 (1.2) 3.6 (1.3) 4.0 (1.1) 3.0 (1.6) 0.138
Digit backward (5±1) 2.7 (1.8) 1.5 (1.5) 2.0 (1.5) 2.8 (1.4) 2.31 (1.8) 0.244
Trail-Making Test A (time in seconds) 276.0 (132.2) 225.9 (146.1) 72.0 (8.5) 198.0 (155.2) 139.2 (98.4) 0.231
Trail-Making Test B (time in seconds) 419.1 (215.5) 287.1 (266.0) 162.0 (42.4) 340.5 (188.7) 290.4 (226.7) 0.634

Episodic memory
VLT total recall (max score: 30) 10.1 (5.4) 9.5 (5.6) 7.6 (4.9) 11.8 (7.9) 8.7 (4.8) 0.400
VLT delayed recall (max score: 10) 2.0 (2.1) 1.7 (1.9) 2.7 (2.1) 3.0 (2.7) 2.2 (2.0) 0.507
VLT delayed recognition (max score: 10) 5.5 (3.3) 5.1 (3.4) 5.0 (3.3) 4.7 (3.4) 4.2 (3.8) 0.944

Language and semantic memory
PNT (max score: 120) 76.2 (37.2) 60.5 (29.4) 57.6 (37.5) 70.0 (31.6) 22.3 (11.1) 0.021*
Semantic association test (max score: 42) 24.8 (14.9) 29.3 (11.3) 26.0 (13.3) 33.3 (8.5) 7.8 (3.7) 0.002*

Visuospatial tests
MTCF test copy (max score: 36) 21.9 (13.7) 22.6 (12.2) 22.0 (17.3) 18.8 (9.3) 26.5 (12.0) 0.964
MTCF test immediate recall (max score: 36) 6.9 (10.9) 6.4 (7.7) 12.7 (10.1) 7.8 (6.6) 13.5 (19.1) 0.809
MTCF test recall (max score: 36) 4.7 (7.6) 2.9 (2.3) 5.0 (7.0) 2.0 (2.8) 8.0 (11.3)  0.364

Values are represented as mean (standard deviation). BvFTD, behavioural-variant frontotemporal dementia; PNFA, progressive 
non-fluent aphasia; SD, semantic dementia; ALS, amyotrophic lateral sclerosis; PSP, progressive supranuclear palsy; MCTF, modified 
Taylor Complex Figure Test; VLT, Verbal Learning test; PNT, Picture-Naming Test.

* Post hoc analysis showed significantly impaired PNT and semantic association task in SD compared to the other subtypes.
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Assessment of Social Cognition
The IRI scores showed significant changes in 3 empathy domains pre- and post-illness: 

PT (t59 = 12.6, p < 0.001; 95% CI 5.3–7.4), EC (t59 = 8.7, p < 0.001; 95% CI 7.3–10.1) and PD 
(t59 = 1.1, p < 0.038; 95% CI –2.0 to –0.1) in the whole FTD cohort. There was no difference 
in the change in FS score (t59 = 0.7, p = 0.464; 95% CI –0.5 to 1.1). BvFTD, SD, FTD-ALS, and 
FTD-PSP showed a significant decline in PT and EC scores after illness (Table 4). On 
comparison of the magnitude of change in empathy, EC scores deteriorated the most in 
FTD-PSP (11.6 ± 5.9) when compared to the other subtypes (BvFTD 8.7 ± 5.4, PNFA 10.2 ± 
4.8, SD 5.5 ± 3.6, FTD-ALS 6.6 ± 5.9; F4, 55 = 2.93; p = 0.029; partial η2 = 0.21).

On analysis of emotion recognition in classical and overlap FTD syndromes, happy was 
the most recognised emotion (78.9 ± 22.3) while scores for disgust (19.4 ± 22.0), fear (11.9 ± 
16.9), and anxiety (13.3 ± 19.4) were the lowest in the whole cohort (p < 0.001). There were 
no significant differences between subtypes of FTD in recognising most emotions (Table 5). 
A difference was noted only for surprise: the BvFTD group was relatively less impaired than 
the other subtypes (p = 0.035). 

A positive correlation between ACE-III, POFA total score, and the pre- and post-disease 
onset empathy scores of PT and EC on IRI was observed across the whole FTD cohort (r = 0.6, 
p < 0.001; r = 0.4, p < 0.001; r = 0.5, p < 0.001).

Table 3. Mean FrSBe t scores for subtypes of frontotemporal dementia (FTD) pre- and post-illness

Pre-illness Post-illness Mean difference p value

Apathy
Entire FTD cohort (n = 60) 58.5 (7.2) 77.5 (11.9) 18.9 (11.9) <0.001
BvFTD (n = 16) 58.5 (7.8) 80.5 (14.7) 22.0 (13.7) <0.001
PNFA (n = 13) 58.6 (5.9) 77.9 (11.2) 19.3 (13.3) <0.001
SD (n = 7) 61.4 (9.2) 72.8 (9.5) 11.4 (5.1) <0.001
FTD-ALS (n = 11) 59.1 (5.1) 79.4 (14.3) 20.3 (12.9) <0.001
FTD-PSP (n = 13) 56.3 (8.0) 74.0 (7.0) 19.3 (13.3) <0.001

Disinhibition
Entire FTD cohort (n = 60) 55.6 (9.6) 68.2 (13.3) 12.6 (11.5) <0.001
BvFTD (n = 16) 55.1 (6.7) 69.3 (10.0) 14.3 (7.2) <0.001
PNFA (n = 13) 59.3 (10.8) 68.0.5 (11.9) 8.6 (11.9) 0.022
SD (n = 7) 55.4 (11.6) 68.7 (8.2) 13.3 (10.4) 0.015
FTD-ALS (n = 11) 53.7 (5.9) 70.9 (22.8) 17.1 (16.6) 0.006
FTD-PSP (n = 13) 54.2 (8.7) 64.2 (10.1) 10.0 (10.8) 0.006

Executive dysfunction
Entire FTD cohort (n = 60) 58.1 (7.5) 65.9 (10.4) 7.7 (12.0) <0.001
BvFTD (n = 16) 57.5 (10.7) 65.6 (10.7) 8.1 (13.0) 0.026
PNFA (n = 13) 57.3 (8.4) 67.2 (13.9) 9.9 (16.7) 0.053
SD (n = 7) 61.0 (6.7) 67.0 (7.0) 18.3 (15.3) 0.019
FTD-ALS (n = 11) 55.9 (5.7) 66.9 (11.3) 11.0 (11.3) 0.009
FTD-PSP (n = 13) 60.1 (9.0) 63.4 (7.0) 3.3 (8.4) 0.018
Total FrSBE score 115.7 (19.9) 132.1 (21.0) 16.4 (10.6) <0.001

Values are represented as mean (standard deviation). BvFTD, behavioural-variant frontotemporal 
dementia; PNFA, progressive non-fluent aphasia; SD, semantic dementia; ALS, amyotrophic lateral sclerosis; 
PSP, progressive supranuclear palsy; FrSBE, Frontal System Behavioural Evaluation.
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Discussion

This study explored social cognition, an underrecognised cognitive domain, across the 
whole spectrum of FTD syndromes. A noteworthy finding was the consistent impairment in 
empathy and emotion recognition in not only the classical, but also the overlap syndromes of 
FTD. A differential pattern of deficits emerged with regard to social cognition in the subtypes. 
Maximum deficits in empathy were noticed in FTD-PSP, which is a novel finding. Our findings 
emphasise the importance of evaluating social cognition in both classical (BvFTD, PNFA, and 
SD) and overlap FTD syndromes (FTD-ALS and FTD-PSP), and offer insights into under-
standing the basis of behavioural disturbances in FTD syndromes.

All the subtypes of FTD were comparable for their general cognitive functioning, as 
demonstrated by the ACE-III scores. Evaluation of individual cognitive domains revealed 
patterns typical of the diagnosed FTD syndrome. Consistent with the diagnosis of the language 
variant of FTD, fluency scores were disproportionately lowest in PNFA patients, and SD 
patients showed gross impairment of semantic memory and language [38, 39]. Executive 
functions were comparably impaired across both classical and overlap syndromes [40–44] 
and visuospatial functions were mildly impaired in all subtypes [45].

Table 4. Interpersonal Reactivity Index (IRI) scores before and after illness for subtypes of frontotemporal 
dementia (FTD)

Before illness After illness Mean difference p value

Perspective-taking
Entire FTD cohort (n = 60) 18.3 (4. 6) 11.9 (4.5) 6.4 (3.9) <0.001
BvFTD (n = 16) 17.7 (4.4) 11.9 (4.9) 5.8 (3.7) <0.001
PNFA (n = 13) 19.1 (5.0) 12.2 (5.6) 6.9 (4.6) 0.377
SD (n = 7) 21.5 (4.9) 12.0 (2.8) 8.1 (5.2) <0.001
FTD-ALS (n = 11) 17.7 (4.6) 14.0 (3.5) 3.7 (2.4) 0.074
FTD-PSP (n = 13) 17.6 (3.6) 9.9 (3.9) 7.7 (2.8) <0.001

Fantasy scale
Entire FTD cohort (n = 60) 5.1 (4.0) 4.8 (4.6) 0.3 (2.9) 0.464
BvFTD (n = 16) 4.8 (3.1) 5.8 (5.6) –1.0 (4.4) 0.377
PNFA (n = 13) 7.2 (4.8) 5.5 (4.7) 1.7 (2.7) 0.041
SD (n = 7) 4.7 (2.7) 3.8 (2.9) 0.6 (1.3) 0.280
FTD-ALS (n = 11) 4.9 (5.9) 4.5 (5.9) 0.5 (1.3) 0.211
FTD-PSP (n = 13) 3.7 (2.2) 3.6 (2.4) 0.2 (2.5) 0.827

Empathy concern
Entire FTD cohort (n = 60) 20.4 (4.9) 11.7 (4.8) 8.7 (5.4) <0.001
BvFTD (n = 16) 20.9 (5.1) 10.7 (5.4) 10.1 (4.7) <0.001
PNFA (n = 13) 19.8 (4.5) 12.0 (4.4) 7.8 (5.3) <0.001
SD (n = 7) 20.7 (2.7) 12.2 (2.3) 6.6 (5.9) 0.025
FTD-ALS (n = 11) 19.6 (5.1) 14.1 (2.6) 5.5 (3.6) <0.001
FTD-PSP (n = 13) 21.7 (5.8) 10.1 (5.9) 11.6 (5.9) <0.001

Personal distress
Entire FTD cohort (n = 60) 9.8 (3.9) 10.9 (4.2) –1.1 (3.9) 0.038
BvFTD (n = 16) 9.6 (3.6) 12.0 (4.7) –2.4 (4.9) 0.074
PNFA (n = 13) 10.5 (4.4) 11.5 (4.1) –1.1 (3.8) 0.324
SD (n = 7) 7.7 (3.4) 8.5 (1.2) –0.6 (2.3) 0.522
FTD-ALS (n = 11) 10.6 (3.6) 12.1 (4.9) –1.5 (3.1) 0.152
FTD-PSP (n = 13) 9.3 (4.2) 8.6 (2.7) –0.7 (3.3) 0.461

Values are represented as mean (standard deviation). BvFTD, behavioural-variant frontotemporal 
dementia; PNFA, progressive non-fluent aphasia; SD, semantic dementia; ALS, amyotrophic lateral sclerosis; 
PSP, progressive supranuclear palsy.
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Apathy and executive dysfunction were prominent in the entire cohort as revealed by the 
FrSBe scores. These behavioural changes are typical of classical FTD syndromes [40, 46, 47]. 
Disinhibition was found in almost the same proportion across all the subtypes. While disin-
hibited behaviour is considered a typical feature of BvFTD [48–50], a few studies report disin-
hibition also with SD, and to a lesser extent in PNFA patients [46, 51]. The frequency of disin-
hibition in overlap syndromes, i.e., FTD-ALS and FTD-PSP, has not been previously reported. 
The predominant regions of the brain implicated in behavioural control include the anterior 
cingulate and orbitofrontal areas [52], typically known to be involved in BvFTD. Our findings 
suggest that, regardless of the FTD subtype, the disease process is likely to involve inhibitory 
control circuits in the brain, even in the overlap FTD syndromes.

Two domains of social cognition, i.e., empathy and emotion recognition, were evaluated. 
On investigating the pattern of deficits in empathy, we found that empathic deficits occur not 
only in patients with BvFTD, but also in the language variants. Loss of empathy is found to 
be a central feature of BvFTD [53–55], and while disturbance of empathy has been reported 
in SD and PNFA, the actual extent to which it is impaired is as yet unclear, mainly due to the 
small number of studies and the variable results [54–57]. Empathy in FTD-ALS has also not 
yet been systematically evaluated. In our cohort, patients with FTD-ALS were significantly 
impaired in empathic concern. Empathic disturbances have been explored in only small 
groups of patients with FTD-PSP, with one study showing impairment in emotional empathy 
[58] and the other demonstrating variability in PT [55]. In our group of patients with FTD-PSP, 
both PT and EC were impaired, and the severity of the decline in EC was maximal in this 
group of patients. Empathy in FTD patients corresponds to multiple areas in the brain 
including the frontoinsular and temporal structures [27, 59]. The finding of impaired EC in 
the overlap syndromes FTD-ALS and FTD-PSP is significant and may reflect the deterioration 
of these brain areas and networks early in these diseases. The maximum deterioration 
observed in FTD-PSP is supported by imaging data that implicate a wide network of areas in 
PSP that include the insular and frontomedian regions, in addition to the striatum and 
brainstem areas [60]. 

Emotion recognition deficits were demonstrable in the language variants PNFA and SD, 
similar to BvFTD, and consistent with the reported literature [21–24]. However, emotion 
recognition in the overlap FTD syndromes has not ever received much attention [27, 59]. In 

Table 5. Emotion recognition scores in the subtypes of frontotemporal dementia (FTD)

BvFTD
(n = 16)

PNFA 
(n = 13)

SD
(n = 7)

FTD-ALS 
(n = 11)

FTD-PSP 
(n = 13)

p value

POFA-happy 84.4 (19.6) 76.9 (20.3) 82.1 (22.7) 88.6 (8.8) 64.4 (29.2) 0.059
POFA-sad 42.9 (25.4) 44.2 (26.3) 30.4 (27.8) 54.6 (29.1) 45.2 (24.8) 0.464
POFA-surprise 42.9 (34.5) 17.3 (19.5) 14.3 (27.4) 14.8 (23.6) 20.2 (25.3) 0.035*
POFA-neutral 43.8 (30.6) 46.2 (34.4) 57.1 (35.3) 32.9 (25.5) 24.0 (23.6) 0.127
POFA-disgust 28.9 (24.5) 23.1 (22.7) 14.3 (23.3) 17.1 (21.1) 8.7 (13.9) 0.135
POFA-fear 17.9 (22.8) 11.5 (12.9) 10.7 (19.7) 10.2 (15.6) 6.7 (10.9) 0.506
POFA-anxiety 19.5 (22.8) 9.6 (11.6) 5.4 (9.8) 17.1 (25.2) 10.6 (18.9) 0.420
POFA-total 40.1 (16.7) 32.7 (10.9) 30.4 (15.4) 34.4 (15.4) 26.1 (14.6) 0.157

Values are represented as mean (standard deviation). BvFTD, behavioural-variant frontotemporal dementia; PNFA, 
progressive non-fluent aphasia; SD, semantic dementia; ALS, amyotrophic lateral sclerosis; PSP, progressive supranuclear 
palsy; POFA, pictures of facial affect.

* Post hoc analysis showed that BvFTD patients recognised the surprise emotion significantly better than PNFA, SD, FTD-ALS, 
and FTD-PSP.
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our study, the overlap syndromes, FTD-ALS and FTD-PSP, were also found to demonstrate 
impairment of emotion recognition. A differential pattern of recognition is known to exist 
between the different emotions: happy emotions are better recognised than negative emotions 
[1, 24, 28, 61, 62], and our findings confirm this. This dissociation could be due to the preser-
vation of positive emotions in the early stage of disease [1, 18].

There are a few limitations to the study. Although the overall sample size was quite large, 
individual subtypes had smaller numbers. While we explored emotion recognition and 
empathy, the domain of theory of mind has still to be explored. Functional imaging and genetic 
testing were not done as a part of this study. Larger numbers of patients and the addition of 
tests of theory of mind will further validate our findings. 

To conclude, the study established the relevance of clinically evaluating the domain of 
social cognition across the entire FTD spectrum and demonstrated that emotion recognition 
and empathy were clearly impaired in both classical and overlap FTD syndromes. This empha-
sises the need to clinically evaluate FTD syndromes with tests of social cognition, regardless 
of their subtype. The testing of social cognition assumes importance in characterising disease 
profile for the proper management and counselling of caregivers. 
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