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Empathy involves being able to understand and respond to others’ emotional
experiences. Whilst deficits in empathy have been observed in frontotemporal
dementia, the extent to which empathy is disrupted in dementia syndromes with
predominant language impairment remains unclear. The current study investi-
gated cognitive and affective empathy in the two non-fluent primary progressive
aphasia syndromes: progressive non-fluent aphasia (PNFA) and logopenic pro-
gressive aphasia (LPA). Informants of 23 PNFA and 16 LPA patients completed the
Interpersonal Reactivity Index (IRI), regarding patients’ capacity for empathy pre-
and post-disease onset. Twenty-four healthy control participants completed the
self-rated IRI for comparison of post-disease empathy capabilities. Within-group
analyses revealed reduced cognitive empathy and increased personal distress in
both patient groups. In addition, lowered affective empathy was reported in PNFA,
with a similar trend observed in LPA. Interestingly, reduced affective empathy was
associated with greater carer burden in LPA. Between-group analyses revealed
reduced cognitive empathy in both patient groups relative to controls. The cur-
rent study is the first to document empathy changes in PNFA and LPA, offering
insight into the social cognitive deficits experienced in these syndromes. Future
neuroimaging studies are needed to identify the underlying neural correlates and
mechanisms driving empathy deficits in PNFA and LPA.

Keywords: Progressive non-fluent aphasia, logopenic progressive aphasia, interpersonal reactivity index,
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Introduction

Social cognition encompasses a range of abili-
ties that support interpersonal interactions (Fiske,
1993; Forbes & Grafman, 2010), such as emo-
tion recognition, evaluation of relevant social and
emotional signals, social and semantic knowledge,
moral reasoning, theory of mind and empathy (e.g.,
Adolphs, 2009; Beer & Ochsner, 2006; Decety
& Jackson, 2004, 2006; Decety & Lamm, 2006;
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Forbes & Grafman, 2010). Empathy refers to the
ability to understand and respond to the emotional
experience of another person (Decety & Jack-
son, 2006). Existing literature suggests that em-
pathy can be parsed into two separate components
subserved by partially dissociable brain regions:
A cognitive component, which involves taking
another’s perspective; and an affective compo-
nent, which involves the capacity to experience
an affective response towards another person and
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regulate one’s own emotions (e.g., Decety & Jack-
son, 2006).

Abnormalities in aspects of social cognition,
particularly emotion recognition, have been in-
creasingly recognised in individuals with dementia
(Elamin, Pender, Hardiman, & Abrahams, 2012;
Kumfor & Piguet, 2012). Recently, research has
also revealed disturbances of empathy in some de-
mentia syndromes, including behavioural-variant
frontotemporal dementia and semantic dementia
(Dermody et al., 2016; Irish, Hodges, & Piguet,
2014; Oliver et al., 2015; Rankin, Kramer, &
Miller, 2005). The degree to which empathy is af-
fected in dementia syndromes that present with
predominant language impairment, however, has
been relatively unexplored.

Primary Progressive Aphasia (PPA) refers to a
group of progressive neurodegenerative disorders
in which the earliest and primary clinical feature
is language impairment (Mesulam, 2003). Clini-
cally, PPA syndromes are heterogeneous and can
be further classified into three subtypes based on
clinical presentation, neuroimaging findings and
neuropathology: the fluent variant, known as se-
mantic dementia and two non-fluent variants: pro-
gressive non-fluent aphasia (PNFA) and logopenic
progressive aphasia (LPA) (Gorno-Tempini et al.,
2011). This study focusses on the non-fluent pre-
sentations of PPA.

PNFA is characterised by agrammatism in lan-
guage production and/or apraxia of speech (Gorno-
Tempini et al., 2011). Individuals with PNFA show
slow and effortful speech. Cognitively, PNFA pa-
tients show impairments on tasks of verbal execu-
tive functioning (Gorno-Tempini et al., 2004), sin-
gle word repetition (Leyton et al., 2014; Piguet,
Leyton, Gleeson, Hoon, & Hodges, 2015), digit
repetition and letter fluency (Libon et al., 2009).
Atrophy in PNFA is typically observed in the left
posterior frontoinsular regions, including the left
inferior frontal gyrus, anterior insula and premo-
tor cortex (Gorno-Tempini et al., 2004; Gorno-
Tempini et al., 2011). With disease progression,
atrophy extends into left frontal regions and bilat-
eral subcortical areas (Brambati et al., 2015), with
changes in white matter more pronounced in the
right hemisphere over time (Lam, Halliday, Irish,
Hodges, & Piguet, 2014). Pathologically, PNFA is
generally associated with abnormal accumulation
of the tau protein (Chare et al., 2014).

Individuals diagnosed with LPA also present
with non-fluent speech output. In this syndrome,
however, the language profile is characterised by
slowed speech output marked with word-finding
pauses (Gorno-Tempini et al., 2004). On assess-
ment, LPA patients show impairment in areas such
as verbal executive functioning, working memory

and visuospatial abilities, together with deficits in
word retrieval, sentence repetition and syntactic
comprehension (Foxe, Irish, Hodges, & Piguet,
2013; Gorno-Tempini et al., 2004; Piguet et al.,
2015; Rohrer & Warren, 2010). Atrophy in LPA
typically involves the left temporoparietal junc-
tion (Gorno-Tempini et al., 2011) and with disease
progression may also include lateral/posterior tem-
poral and medial parietal regions (Brambati et al.,
2015). In contrast to PNFA, LPA is overwhelm-
ingly associated with Alzheimer’s disease pathol-
ogy (Chare et al., 2014; Gorno-Tempini et al.,
2011).

Whilst the majority of research in PNFA and
LPA has focussed on language impairment, brain
regions undergoing atrophy in PNFA and LPA have
also been identified as key structures supporting
affective and cognitive empathy. The anterior in-
sula cortex, which is affected in PNFA, plays a
crucial role in affective components of empathy
and emotional experiences via its role in repre-
senting and integrating internal body states (e.g.,
Bernhardt & Singer, 2012; Craig, 2009; Ibanez &
Manes, 2012; Kurth, Zilles, Fox, Laird, & Eick-
hoff, 2010), as well as in representing pain ex-
perienced by others (Lamm, Decety, & Singer,
2011). In contrast, the temporoparietal junction
plays a central role in aspects of cognitive em-
pathy, such as mentalising and perspective taking
(Ruby & Decety, 2004; Samson, Apperly, Chi-
avarino, & Humphreys, 2004; Saxe, 2006). Indeed,
impaired cognitive empathy has been associated
with atrophy of the temporoparietal junction in pa-
tients with Alzheimer’s disease (Dermody et al.,
2016).

Mounting evidence indicates that aspects of so-
cial cognition, such as emotion recognition and in-
terpreting emotional prosody, are compromised in
PNFA (Couto et al., 2013; Kumfor, Irish, Hodges,
& Piguet, 2013; Kumfor et al., 2011; Rohrer,
Sauter, Scott, Rossor, & Warren, 2012), consis-
tent with the frontoinsular involvement in this syn-
drome. The limited research on empathy in PNFA
has yielded mixed findings (Eslinger, Moore, An-
derson, & Grossman, 2011; Rankin et al., 2006),
although existing studies in this syndrome have
been limited by small sample sizes (n < 8) and
may have been underpowered to detect empa-
thy changes. In contrast, social cognition deficits
appear to be rare in LPA, although few studies
have formally investigated the presence of these
deficits. For instance, Piguet et al. (2015) inves-
tigated social cognition and episodic memory in
PNFA and LPA, and identified emotion recogni-
tion deficits in PNFA, whereas LPA showed im-
paired episodic memory but intact emotion recog-
nition. In contrast, Rohrer et al. (2012) observed
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deficits in emotional prosody in both PNFA and
LPA. Here, we aimed to explore empathy pro-
files in the two non-fluent PPA syndromes: PNFA
and LPA. Based on the existing literature and
the pattern of brain atrophy observed in these
syndromes, we hypothesised that PNFA would
show changes predominantly in affective empathy,
whereas in LPA, cognitive empathy may be more
affected.

Whether the co-occurrence of deficits in as-
pects of cognition or social cognition contributes to
empathic impairments remains unclear. For exam-
ple, in behavioural-variant frontotemporal demen-
tia, conflicting evidence exists regarding the rela-
tionship between executive dysfunction and loss of
empathy (Eslinger et al., 2011; but see Lough, Gre-
gory, & Hodges, 2001; Lough et al., 2006). Inter-
estingly, reduced cognitive and affective empathy
have been associated with lower fluency as well as
worse abstract reasoning abilities, in behavioural-
variant frontotemporal dementia and semantic de-
mentia (Rankin et al., 2005). In PNFA and LPA,
impairment in areas of language and communica-
tion are the primary presenting features. It is not
known, however, how language disruption may in-
fluence empathy in non-fluent PPA. It is also in-
creasingly recognised that in LPA, other cognitive
skills beyond the language domain rapidly decline
(Leyton, Hsieh, Mioshi, & Hodges, 2013), yet how
this decline influences social interactions has not
been explored. Thus, a secondary aim of this study
was to consider the relationship between loss of
empathy, cognition and social cognition in these
syndromes. Finally, loss of empathy in other de-
mentia syndromes, such as frontotemporal demen-
tia, has been associated with increased carer bur-
den and loss of care within relationships (Hsieh,
Irish, Daveson, Hodges, & Piguet, 2013a). Given
the role of empathy in interpersonal relationships,
we also explored potential associations between
empathy and carer burden, with the hypothesis
that loss of empathy would result in increased feel-
ings of burden and poorer psychological wellbeing
of carers.

Methods
Participants
Twenty-three PNFA and 16 LPA participants were
recruited from FRONTIER, the younger onset de-
mentia clinic located in Sydney, Australia. All
participants underwent neuropsychological assess-
ment, were assessed by an experienced behavioural
neurologist and had an MRI scan. Diagnosis of
either PNFA or LPA was reached by the multi-

disciplinary team based on the current diagnostic
criteria (Gorno-Tempini et al., 2011).

Twenty-four control participants were re-
cruited from the NeuRA volunteer healthy con-
trol database for comparison. All controls scored
above 88/100 on the Addenbrooke’s Cognitive
Examination-Revised (ACE-R) (Mioshi, Dawson,
Mitchell, Arnold, & Hodges, 2006) or the Adden-
brooke’s Cognitive Examination-III (Hsieh, Schu-
bert, Hoon, Mioshi, & Hodges, 2013b). Patients
and controls were excluded based on the follow-
ing: current or prior history of psychiatric illness;
significant head injury; alcohol or substance abuse;
presence of another neurological disorder or lim-
ited proficiency in English.

Approval for this study was granted by The
South Eastern Sydney Local Health District and
the University of New South Wales ethics commit-
tees. Participants or their Person Responsible pro-
vided informed written consent in accordance with
the Declaration of Helsinki. Participation was vol-
untary and participants were reimbursed for travel
costs.

Informants
An informant was available for all PNFA and
LPA participants. The majority of informants were
spouses (30, 76.9%). Others were the patient’s
child (4, 10.3%), child’s spouse (2, 5.1%), patient’s
friend (2, 5.1%) or the patient’s sibling (1, 2.6%).
The distribution of informants (spouse vs. others)
did not differ between patient groups (χ 2 = 1.02,
p = .31). The majority of informants were female
(24, 61.5%) and informant sex did not differ ac-
cording to patient diagnosis (χ 2 = .60, p = .44).

Materials
Neuropsychological Assessment
The ACE-R (Mioshi et al., 2006) or ACE-III (Hsieh
et al., 2013b) were administered to assess general
cognition. Digit Span (Wechsler, 1997) and the
Trail Making Test (Tombaugh, 2004) were used
to assess attention and working memory. The Rey
Complex Figure (RCF) was used to assess visuo-
constructional skills and non-verbal episodic mem-
ory (Rey, 1941). The Sydney Language Battery
(SYDBAT) was used to test naming, word com-
prehension, semantic association and word repeti-
tion (Savage et al., 2013). Letter fluency was used
to assess word generativity (Strauss, Sherman, &
Spreen, 1991). The Emotion Selection Task was
employed to assess emotion recognition (Kumfor
et al., 2014b; Miller et al., 2012). In this task, par-
ticipants view arrays of seven faces of the same
person displaying the six basic emotions and a
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neutral expression. Participants are required to
point to the face corresponding to the label spoken
by the examiner (e.g., ‘Point to the happy face’),
with verbal responses also accepted. Responding
for this task is untimed and no feedback is pro-
vided. Non-morphed images from the NimStim
database were used (www.mac-brain.org), which
were cropped to remove non-facial information
(i.e., hair) and converted to greyscale (see Kumfor
et al., 2014b for an example of the stimuli used).

The Frontotemporal dementia Rating Scale
(FRS) was used as a dementia staging tool to as-
sess changes in everyday functioning abilities and
behaviours (Mioshi, Hsieh, Savage, Hornberger,
& Hodges, 2010). The FRS provides an index of
disease severity (very mild, mild, moderate, se-
vere, very severe and profound) and an associ-
ated Rasch score. Higher FRS Rasch scores reflect
higher functional capabilities.

Measure of Empathy
The Interpersonal Reactivity Index (IRI) was used
to investigate aspects of cognitive and affective
empathy (Davis, 1983). The IRI is a 28-item ques-
tionnaire consisting of four seven-item subscales.
Perspective Taking explores the capacity to imag-
ine another person’s perspective in a situation (e.g.,
‘When he/she is upset at someone, he/she usu-
ally tries to “put him/herself in their shoes” for a
while’). The Fantasy subscale assesses the capac-
ity to identify with characters represented in fic-
tional situations such as films/books (e.g., ‘When
he/she watches a good movie, he/she can very eas-
ily put him/herself in the place of a leading char-
acter’). Empathic Concern measures the capacity
to feel warmth, concern or compassion for others
(e.g., ‘He/she is often quite touched by things that
he/she sees happening’). Personal Distress mea-
sures an individual’s anxiety and emotional reac-
tivity as a result of observing another’s negative
experience (e.g., ‘Being in a tense emotional situa-
tion scares him/her’). The Perspective Taking and
Fantasy subscales measure components of cogni-
tive empathy, whereas Empathic Concern and Per-
sonal Distress measure aspects of affective empa-
thy (Davis, 1983). For patients, informants com-
pleted the modified version (worded in the third-
person), and rated how well the statement describes
the patient on a five-point scale ranging from 0
(does not describe the patient well) to 4 (describes
the patient well). For patients, ratings from infor-
mants were based on two time periods: (i) before
the illness and (ii) the present time. Both time pe-
riods were rated by informants on the same day
and asked informants to first consider the patient
‘before illness’ and secondly at ‘present’ for each

item. Controls completed a self-rated version of
the IRI for the ‘present’ time only.

Cronbach’s alpha was calculated for each sub-
scale of the IRI across all groups and showed
strong internal consistency, ranging from .71 to
.85. Raw scores for each subscale were converted
into percentage scores, taking into account miss-
ing items on each subscale. Then, difference scores
(‘present’ minus ‘before illness’) were calculated
for each subscale, to measure relative change fol-
lowing disease onset. To ensure reliability of sub-
scale scores and to avoid potential bias, subscale
scores were only included where at least four of the
total seven questions of the corresponding subscale
were completed (Hsieh et al., 2013a). One LPA
participant was excluded from the study for this
reason. Additionally, one PNFA participant had
data available for the Perspective Taking subscale
only. Finally, difference scores were not available
for three participants (two PNFA, one LPA) due to
missing data for the IRI ‘before illness’.

Carer Burden and Wellbeing
The Zarit Burden Interview (ZBI) was used to mea-
sure levels of carer burden (Bédard et al., 2001).
This 12-item informant-rated measure is rated on a
five-point scale ranging from 0 (never) to 4 (nearly
always). Areas assessed include physical health,
psychological wellbeing and finances of the carer.
The maximum score for the ZBI is 48. Scores �
12 have been shown to indicate high levels of bur-
den (Higginson, Gao, Jackson, Murray, & Harding,
2010).

The Intimate Bond Measure (IBM) was used
to assess the informant’s perceived quality of their
relationship with the patient (Wilhelm & Parker,
1988). This 24-item questionnaire generates two
separate scores used to assess the patient’s level of
‘Care’ and ‘Control’ within the relationship. Items
on the IBM are scored on a four-point scale from 0
(not true) to 3 (very true), with a maximum score of
36 calculated for the Care and Control subscales.
Higher scores on the Care subscale indicate higher
perceived care provided by the patient (i.e., a pos-
itive perception). In contrast, higher scores on the
Control subscale indicate higher perceived con-
trolling behaviour of the patient (i.e., a negative
perception).

The 21-item Depression Anxiety Stress Scale
(DASS) was used to assess the informant’s current
psychological wellbeing (Lovibond & Lovibond,
1995) and was converted to 42-item DASS scores
following completion. In addition, the total of
each subscale was combined to give a Total score,
with higher scores denoting poorer psychological
wellbeing.
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TABLE 1
Demographics Characteristics of PNFA, LPA and Healthy Controls

PNFA LPA Controls
n = 23 n = 16 n = 24 Statistic p

Sex (Male: Female) 11:12 6:10 14:10 1.7a 0.43
Age (years) 68.5 ± 11.0 67.3 ± 7.6 67.9 ± 6.8 0.1b 0.91
Education (years) 12.2 ± 3.0 13.3 ± 3.7 13.8 ± 1.7 2.1b 0.13
Disease Duration (years) 3.3 ± 2.2 4.3 ± 2.8 – − 1.2c 0.25
FRS (Rasch Score)d 1.8 ± 1.7 1.6 ± 1.6 – 0.4c 0.70

Note: Values are mean ± standard deviation. FRS, Functional Rating Scale. Higher FRS Rasch
scores denote higher functioning. aChi-square value. bANOVA F Statistic. c Independent t-test
value. d FRS score missing for one PNFA patient.

Statistical Analyses
Data were analysed using IBM SPSS (Version
23). Categorical variables (e.g., sex) were anal-
ysed using chi-square. Demographic variables,
neuropsychological tests and emotion recogni-
tion assessments were analysed using univari-
ate analyses of variance (ANOVA). Data were
normally distributed for all subscales of the
IRI, except for Empathic Concern in PNFA pa-
tients. Both non-parametric and parametric anal-
yses were conducted for this subscale, which
yielded similar results. Thus, parametric analyses
are reported throughout. Comparison of present
functioning between groups on the IRI subscale
percentage scores (Fantasy, Perspective Taking,
Empathic Concern, & Personal Distress) were
analysed using univariate ANOVA. Sidak post-
hoc tests were conducted to investigate differ-
ences between groups whilst correcting for mul-
tiple comparisons. To compare before illness and
present IRI subscale percentage scores within
PNFA and LPA, planned paired sampled t tests
were employed. Statistical significance was set
at p < .05.

Finally, to investigate the relationship be-
tween IRI subscale percentage difference scores
and measures of cognition, emotion processing
and carer burden correlational analyses were con-
ducted. Correlational analyses were restricted to
those IRI subscales that significantly changed fol-
lowing disease onset. Due to our a priori hypothe-
ses about the direction of relationships between
variables of interest, one-tailed Spearman’s rank
correlations were employed. In addition, we con-
ducted partial correlations between empathy and
carer burden whilst taking into account disease
severity. Statistical significance was set at p < .01
for all correlation analyses to account for multiple
comparisons.

Results
No significant differences were found between pa-
tients and controls for age, sex or education (all
p values > .10). Patient groups did not differ sig-
nificantly in disease duration or functional ability
(Table 1).

Neuropsychological Assessment
Performance on standard neuropsychological tests
was consistent with the cognitive profiles typically
seen in PNFA and LPA (Table 2). In brief, PNFA
patients showed worse general cognition compared
to controls (ACE: p < .001). Additionally, com-
pared to controls, PNFA showed significant deficits
in attention and verbal working memory (Digits-F:
p < .001; Digits-B: p < .001). PNFA also showed
widespread language dysfunction compared with
controls (Letter fluency: p < .001; Naming: p <
.001; Semantic: p < .001; Comprehension: p =
.001 and Repetition: p < .001). However, PNFA
patients demonstrated relatively intact visuospa-
tial abilities (RCF Copy: p = .13) and non-verbal
episodic memory (RCF 3-min Recall: p = .12). In
terms of emotion recognition ability, PNFA were
impaired compared with controls (p = .01).

LPA patients also showed general cognitive
impairment compared to controls (ACE: p < .001).
On tasks assessing language, LPA were signifi-
cantly impaired (Letter Fluency: p < .001, Nam-
ing: p = .01; Semantic: p = .003; Comprehension:
p < .001); however, single-word repetition was
similar to controls (p = .12). Performance on tasks
assessing verbal attention and working memory
was reduced compared to controls (Digits-F: p <
.001; Digits-B: p < .001). Visuomotor processing
speed and mental flexibility was also significantly
impaired in LPA compared to controls (Trails A:
p = .006; Trails B: p < .001). Additionally, LPA
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TABLE 2
Cognitive Performance in PNFA, LPA and Healthy Controls

PNFA LPA Controls
n = 23 n = 16 n = 24 F p Post hoc

ACE (100) 69.0 ± 16.5 62.4 ± 13.8 96.3 ± 2.6 45.9 <.001 Patients < Controls
Digits-F (8) 4.6 ± 1.3 4.0 ± 1.2 7.4 ± 1.3 43.0 <.001 Patients < Controls
Digits-B (8) 3.3 ± 1.2 3.1 ± 0.8 5.7 ± 1.1 37.6 <.001 Patients < Controls
Trails A (s) 81.1 ± 46.1 67.1 ± 44.9 29.5 ± 7.9 12.5 <.001 Patients > Controls
Trails B (s) 186.1 ± 101.0 216.8 ± 117.6 71.8 ± 27.0 16.5 <.001 Patients > Controls
SYDBAT

Naming (30) 19.0 ± 6.9 13.3 ± 7.8 27.3 ± 2.4 32.1 <.001 Patients < Controls;
LPA < PNFA

Semantic (30) 24.9 ± 3.5 26.0 ± 1.6 28.8 ± 1.3 14.9 <.001 Patients < Controls
Comprehension (30) 27.2 ± 2.8 26.6 ± 2.2 29.4 ± 0.8 11.0 <.001 Patients < Controls
Repetition (30) 18.9 ± 9.8 25.4 ± 5.3 29.7 ± 0.6 16.2 <.001 Patients < Controls;

PNFA < LPA
RCF Copy (36) 28.9 ± 5.9 27.0 ± 7.1 32.2 ± 3.4 4.3 .012 LPA < Controls
RCF Recall (36) 14.3 ± 6.5 7.3 ± 6.2 18.3 ± 6.3 13.8 <.001 LPA < Controls; LPA

< PNFA
Letter Fluency 14.6 ± 10.2 21.9 ± 9.2 50.9 ± 13.5 58.4 <.001 Patients < Controls
Emotion Selection (42) 34.4 ± 5.6 31.4 ± 5.4 38.9 ± 2.5 12.9 <.001 Patients < Controls

Note: Values are mean ± standard deviation. Maximum scores are provided in parentheses where applicable. ACE,
Addenbrooke’s Cognitive Examination; Digits-F, Digit Span Forwards (maximum span); Digits-B, Digit Span Backwards
(maximum span); RCF, Rey Complex Figure; SYDBAT, Sydney Language Battery. Missing scores: Digit Span: two PNFA; Trials
A: two PNFA; SYDBAT naming: two PNFA; SYDBAT semantic: one PNFA, two control; SYDBAT comprehension: one PNFA,
one LPA; SYDBAT repetition: four PNFA; RCF: two PNFA; Letter Fluency: five PNFA, one LPA; Emotion Selection: seven PNFA,
three LPA, one Control. Discontinued: Digit Span: one PNFA; Trials B: eight PNFA, four LPA; SYDBAT naming: one PNFA;
SYDBAT Semantic: one LPA; RCF Recall: two LPA; Letter Fluency: one LPA.

showed reduced emotion recognition performance
compared to controls (p < .001).

Direct comparisons between the patient groups
revealed that PNFA patients performed signifi-
cantly worse on single-word repetition than LPA
(p = .01). In contrast, LPA showed worse non-
verbal episodic memory (RCF Recall: p = .01)
and single-word naming (p = .01) than PNFA. No
other significant differences were found between
the patient groups across the cognitive or emotion
recognition tasks (all p values > .05).

Burden, Relationship Quality and Carer
DASS
Levels of carer burden and psychological wellbe-
ing according to diagnosis are provided in Table 3.
Whilst no significant differences between PNFA
and LPA were observed for perceived carer burden,
36% of carers (nine PNFA; five LPA) experienced
high burden (ZBI score >12/48). No significant
differences between PNFA and LPA carers were
observed for Depression, Anxiety or Stress sub-
scales. Importantly, however, six (five PNFA; one
LPA) carers reported moderate to severe depres-

sion, three (two PNFA; one LPA) carers reported
moderate to severe anxiety and five (three PNFA;
two LPA) carers reported moderate to severe stress.
Perceived quality of relationship on the IBM Care
and Control subscales were not significantly dif-
ferent between PNFA and LPA.

Interpersonal Reactivity Index (IRI)
Present levels of empathy in PNFA and LPA com-
pared with controls are shown in Figure 1. On
the Perspective Taking subscale, a significant ef-
fect of diagnosis was observed, (F(2, 60) = 3.88;
p < .05), with PNFA patients rated lower than con-
trols (p = .05), whereas LPA were rated similarly
to controls (p = .14). In addition, a significant ef-
fect of diagnosis was observed on the Fantasy sub-
scale (F(2, 59) = 10.20; p < .001), with both PNFA
(p < .001) and LPA (p = .02) having lower Fantasy
scores than controls. No significant effect of diag-
nosis was observed for Empathic Concern (F(2,
59) = .10; p = .38) or Personal Distress, (F(2, 59)
= 1.83; p = .17).

The difference between pre-morbid and
present functioning on each of the IRI subscales
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TABLE 3
Carer burden and Psychological Wellbeing in PNFA and LPA Informants

PNFA LPA
n = 23 n = 16 t p

ZBI (48) 11.4 ± 7.6 10.6 ± 9.3 0.29 0.79
IBM Care (36) 29.4 ± 10.7 27.8 ± 8.2 0.49 0.63
IBM Control (36) 8.0 ± 6.3 7.6 ± 8.2 0.18 0.86
DASS Depression (42) 5.5 ± 7.4 4.5 ± 8.1 0.40 0.69
DASS Anxiety (42) 2.7 ± 4.5 2.4 ± 5.3 0.18 0.86
DASS Stress (42) 7.5 ± 9.9 8.8 ± 7.5 − 0.41 0.68
DASS Total (126) 15.7 ± 20.1 15.6 ± 19.7 0.01 0.99

Note: Values are means ± standard deviation. Maximum scores are provided in
parentheses. ZBI, Zarit Burden Interview; IBM, Intimate Bond Measure; DASS,
Depression, Anxiety and Stress Scale. ZBI: Scores � 12 indicative of high
burden. Missing Scores: IBM Care & Control: three PNFA; DASS: two PNFA.

FIGURE 1

Comparison of IRI subscales relating to present functioning for PNFA, LPA and Control participants. Note: Scores are
percentage scores for each subscale. Error bars represent ± standard error of the mean. ∗: Significantly different from
the other groups. Missing scores: Fantasy: one PNFA; Empathic Concern: one PNFA; Personal Distress: one PNFA.

within PNFA and LPA groups is presented in
Figure 2, and pre- and post-illness percentage
scores are reported in Table S1. In PNFA, signif-
icantly reduced Perspective Taking (t(20) = 2.90,
p = .009) and lowered Empathic Concern (t(19) =
2.14, p = .046) at present compared to pre-morbid
functioning was identified. Moreover, following
disease onset, PNFA patients displayed higher lev-
els of Personal Distress (t(19) = −4.18, p = .001).
No significant differences were observed on the
Fantasy scale, (t(19) = 1.52, p = .14).

In LPA, current Perspective Taking capacity
was significantly lower than pre-morbid scores
(t(14) = 2.36, p = .03). In addition, Personal Dis-
tress was higher following disease onset (t(14) =

−2.40, p = .03). A trend for decreased Empathic
Concern was also observed (t(14) = 1.82, p =
.089), with no significant difference on the Fan-
tasy subscale (t(14) = .28, p = .79).

Relationship between Empathy and
Cognition, Emotion Recognition and Carer
Wellbeing
Correlational analyses were conducted between
IRI percentage difference scores and measures of
cognition, emotion recognition and carer wellbe-
ing, for the subscales which changed following
disease onset (Perspective Taking, Empathic Con-
cern, Personal Distress) (See Table 4). In PNFA,
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FIGURE 2

Difference scores for the four subscales of the Interpersonal Reactivity Index questionnaire in PNFA (circles) and LPA
(squares). Note: Difference scores represent present percentage score minus pre-morbid functioning percentage score.
Error bars represent ± standard error of the mean. Dashed line represents no change between present and pre-morbid
ratings. ∗ Significantly different from pre-morbid to present ratings at p < .05. Missing Scores: Fantasy: three PNFA,
one LPA; Perspective Taking: two PNFA, one LPA Empathic Concern: three PNFA, one LPA; Personal Distress: three
PNFA, one LPA.

TABLE 4
Correlations Between the Interpersonal Reactivity Index (IRI) Percentage Difference Scores and Cognitive and Carer
Wellbeing Measures According to Diagnosis

PNFA LPA

Perspective
Taking

Empathic
Concern

Personal
Distress

Perspective
Taking

Empathic
Concern

Personal
Distress

FRS 0.475∗ 0.434∗ − 0.214 0.489∗ 0.362 − 0.301
ACE 0.283 0.103 − 0.325 0.271 − 0.023 − 0.167
Naming 0.195 − 0.083 − 0.323 0.351 0.284 − 0.144
Repetition 0.298 0.382 − 0.113 − 0.042 − 0.176 − 0.025
RCF Copy 0.448∗ − 0.127 − 0.146 0.605∗∗ 0.073 −0.440∗

RCF Delay 0.094 − 0.095 0.287 0.216 − 0.302 − 0.184
Emotion Selection 0.574∗∗ 0.492∗ 0.257 − 0.052 0.247 0.036
ZBI − 0.256 −0.481∗ 0.041 − 0.375 −0.628∗∗ 0.361
IBM Care 0.350 0.234 − 0.353 0.243 0.160 − 0.102
IBM Control − 0.075 − 0.112 − 0.178 − 0.223 − 0.211 0.318
Carer DASS − 0.280 − 0.038 − 0.027 0.079 − 0.404 0.264

Note: Values shown in bold are ∗ p < .05; ∗∗ p < .01. FRS, Frontotemporal dementia Rating Scale; ACE, Addenbrooke’s
Cognitive Examination; RCF, Rey Complex Figure; ZBI, Zarit Burden Interview; IBM, Intimate Bond Measure; DASS,
Depression, Anxiety and Stress Scale. Missing Scores: PNFA: FRS: 3; ACE: 2; SYDBAT Naming: 5; SYDBAT Repetition: 6;
RCF 4; Emotion Selection: 8; ZBI: 2; IBM Care: 5; IBM Control: 5; Carer DASS: 3. Note: Scores on Empathic Concern and
Personal Distress: unavailable for one PNFA. LPA: FRS: 1; ACE: 1; SYDBAT 1; RCF: 1; Emotion Selection: 4; ZBI: 1; IBM: 1;
Carer DASS: 1.
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reduced Perspective Taking was associated with
worse emotion recognition (Emotion Selection: r
= .574, p = .01). In LPA, reduced Perspective Tak-
ing was associated with lower visuospatial abilities
(RCF copy: r = .605, p = .01) and reduced Em-
pathic Concern was associated with increased carer
burden (ZBI: r = −.681, p = .01). No other cor-
relations reached significance following correction
for multiple comparisons.

To ensure that the observed associations with
carer burden did not solely reflect increased disease
severity, we conducted partial correlations control-
ling for FRS scores. In PNFA, partial correlations
showed a trend between Empathic Concern and
carer burden after controlling for disease severity,
r = −.43, p = .04. In LPA, the association between
Empathic Concern and carer burden remained sta-
tistically significant when accounting for disease
severity, r = −.71, p = .005.

Discussion
This study investigated the capacity for empa-
thy in the two non-fluent PPA syndromes: PNFA
and LPA. Our results revealed subtle alterations
in the capacity for empathy across dementia sub-
types. Although preliminary, our findings sug-
gested that these changes might reflect distinct cog-
nitive mechanisms. Moreover, our findings shed
light on the potential contribution of changes in
empathy on carer burden in these syndromes. Here,
we discuss how these findings inform our under-
standing of social cognition profiles in PNFA and
LPA.

Empathy Characteristics of PNFA and LPA
Patients
In PNFA, we demonstrated significant alterations
in the capacity for empathy, confirming that symp-
toms in PNFA extend beyond the domain of lan-
guage. As hypothesised, we found reduced affec-
tive empathy in PNFA following disease onset, a
finding that converges with the emotion recogni-
tion deficits and reduced emotional enhancement
of memory reported in this syndrome (Kumfor,
Hodges, & Piguet, 2014a; Kumfor et al., 2011;
Rohrer et al., 2012). Contrary to our expecta-
tions, we also observed reduced cognitive empa-
thy following disease onset, suggesting a pervasive
change in empathic capacity within this syndrome,
which has been previously underappreciated.

In LPA, we demonstrated a decline in cognitive
empathy following disease onset. Contrary to our
predictions, a trend for a decline in affective empa-
thy was also observed, despite other studies report-
ing relative preservation of social cognition (Piguet

et al., 2015; but see Rohrer et al., 2012). Emerging
evidence suggests that LPA patients show a rapid
decline in cognition, together with widespread neu-
rodegeneration accompanying disease progression
(Leyton et al., 2013; Rogalski et al., 2014). More-
over, recent studies suggest that some LPA patients
progress more rapidly than others (Leyton et al.,
2015). It is possible that as brain atrophy becomes
more widespread, affective empathy also becomes
compromised, a hypothesis that future longitudinal
studies should address.

Consistent with our within group analyses,
both PNFA and LPA showed reduced cognitive
empathy capacity compared to controls. Unlike our
within group contrasts, however, PNFA and LPA
did not significantly differ from controls in em-
pathic concern or personal distress. Importantly,
visual inspection of these subscales suggested this
was likely due to insufficient power. Recent stud-
ies have demonstrated that controls underestimate
themselves on self-rated questionnaires of social
functioning (Hutchings, Hodges, Piguet, & Kum-
for, 2015), which likely influences the ability to
capture the magnitude of change in patients versus
controls. Future studies should consider the use of
informant-rated measures in controls, or objective
measures of empathy in both patients and controls
(e.g., Baez et al., 2016) to address this issue.

Relationship Between Empathy, Cognition
and Social Cognition
Our correlational analyses suggested that empa-
thy disruption is associated with decline in some
aspects of cognition, which are specific to each
syndrome. In LPA, changes in cognitive empathy
were associated with visuospatial skills. This as-
sociation may reflect a common neural substrate
of visuospatial skills and cognitive empathy, such
as the temporoparietal junction. The temporopari-
etal junction is commonly implicated in theory of
mind and the ability to direct attention to socially
relevant information in healthy individuals (Saxe
& Kanwisher, 2003). Of relevance here, the tem-
poroparietal junction is a key region of atrophy in
LPA (Leyton et al., 2015). Whilst neuroimaging
analyses were beyond the scope of this study, this
hypothesis will be important for future studies to
consider.

Additionally, whilst facial emotion recognition
was impaired in both groups, this was associated
with aspects of cognitive empathy in PNFA only,
with a trend for a similar association for affective
empathy. Interestingly, Couto et al. (2013) reported
impaired facial recognition and theory of mind in
PNFA, with both abilities associated with the in-
tegrity of the insula. The insula plays a key role in
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both emotion recognition and empathy, represent-
ing the interface between the body’s internal phys-
iological state and the external conscious affec-
tive state (Bernhardt & Singer, 2012; Craig, 2009;
Ibanez & Manes, 2012; Kurth et al., 2010). Our
results suggest that the association between em-
pathy and emotion recognition in PNFA observed
here, reflects the early and ongoing degradation of
the insula in these patients. The observed impaired
facial emotion recognition in LPA was somewhat
unexpected; however, this may reflect the cognitive
demands of our task. Unlike other facial emotion
recognition tests (e.g., Ekman 60), the Emotion
Selection Test employed here, comprises arrays
of seven faces and the participant is required to
point to the face that matches an aurally presented
emotional label. Whilst the current task minimises
language demands, it arguably has greater visu-
ospatial scanning and working memory demands
than other facial emotion recognition tasks (Miller
et al., 2012). Future studies will be necessary
to determine the conditions under which LPA
patients are able to interpret social information,
and the extent this capacity declines with disease
progression.

In addition to changes in affective and cog-
nitive empathy, we also identified an increase in
personal distress in both groups following disease
onset. Importantly in both groups, we found no
clear association between personal distress and any
of the cognitive variables of interest, suggesting
that the observed increase in personal distress does
not simply reflect changes in language function,
as previously suggested (Eslinger et al., 2011). In-
creased personal distress may reflect the relatively
preserved insight in these patients (Banks & Wein-
traub, 2008; Fatemi et al., 2011; Medina & Wein-
traub, 2007), although we did not formally measure
insight or awareness of deficits. Future studies in-
vestigating the relationship between personal dis-
tress, insight and neuropsychiatric symptoms are
needed.

Impact of Empathy Decline on Carers
Exploration of the potential impact of empathy de-
cline revealed important associations with carer
burden. Reduced affective empathy was associ-
ated with increased carer burden in LPA, with
a similar trend observed in PNFA. This associa-
tion remained significant after controlling for dis-
ease severity in LPA and approached significance
in PNFA. We have previously demonstrated that
in PPA, carer burden is closely related to non-
language changes, including empathy, autobio-
graphical memory and emotional memory (Hsieh
et al., 2013a; Kumfor et al., 2014a; Kumfor et al.,

2016). This apparent elevation of carer burden in
response to the non-language features of PPA may
reflect inadequate psychoeducation for carers and
family members regarding the evolution of the dis-
order. Our results lend further support to this hy-
pothesis and suggest that improved carer education
regarding non-language features in PPA represents
an important management strategy.

The current study represents a novel inves-
tigation of empathy in unique patient popula-
tions. However, some caveats should be noted.
The current study did not directly measure em-
pathy deficits in the patient groups (e.g., using
psychophysiological techniques) (e.g., Baez et al.,
2016; Lamm, Batson, & Decety, 2007). Future re-
search should consider concurrent objective and
subjective measures of empathy in PNFA and LPA
in order to further corroborate our findings. In ad-
dition, future neuroimaging studies in PNFA and
LPA will help to clarify the mechanisms that give
rise to the observed changes in empathy in these
syndromes and in turn identify potential interven-
tion strategies to improve socioemotional function-
ing in these patients.

In summary, this study is the first to explore
empathy profiles in both PNFA and LPA, reveal-
ing a new dimension to the social cognitive deficits
experienced by these patients, beyond the domain
of language. Investigation of non-language symp-
toms in PPA is essential to extend our knowledge
of these disease phenotypes and to develop effec-
tive interventions to improve quality of life of both
patients and carers.
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