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Primary progressive aphasia is most commonly a sporadic disorder, but in some cases, it can be genetic. This study aimed to under-
stand the clinical, cognitive and imaging phenotype of the genetic forms of primary progressive aphasia in comparison to the canonical 
nonfluent, semantic and logopenic subtypes seen in sporadic disease. Participants with genetic primary progressive aphasia were re-
cruited from the international multicentre GENetic Frontotemporal dementia Initiative study and compared with healthy controls as 
well as a cohort of people with sporadic primary progressive aphasia. Symptoms were assessed using the GENetic Frontotemporal 
dementia Initiative language, behavioural, neuropsychiatric and motor scales. Participants also underwent a cognitive assessment 
and 3 T volumetric T1-weighted MRI. One C9orf72 (2%), 1 MAPT (6%) and 17 GRN (44%) symptomatic mutation carriers 
had a diagnosis of primary progressive aphasia. In the GRN cohort, 47% had a diagnosis of nonfluent variant primary progressive 
aphasia, and 53% had a primary progressive aphasia syndrome that did not fit diagnostic criteria for any of the three subtypes, called 
primary progressive aphasia-not otherwise specified here. The phenotype of the genetic nonfluent variant primary progressive aphasia 
group largely overlapped with that of sporadic nonfluent variant primary progressive aphasia, although the presence of an associated 
atypical parkinsonian syndrome was characteristic of sporadic and not genetic disease. The primary progressive aphasia -not other-
wise specified group however was distinct from the sporadic subtypes with impaired grammar/syntax in the presence of relatively in-
tact articulation, alongside other linguistic deficits. The pattern of atrophy seen on MRI in the genetic nonfluent variant primary 
progressive aphasia group overlapped with that of the sporadic nonfluent variant primary progressive aphasia cohort, although 
with more posterior cortical involvement, whilst the primary progressive aphasia-not otherwise specified group was strikingly asym-
metrical with involvement particularly of the insula and dorsolateral prefrontal cortex but also atrophy of the orbitofrontal cortex and 
the medial temporal lobes. Whilst there are overlapping symptoms between genetic and sporadic primary progressive aphasia 

Received March 04, 2022. Revised August 26, 2022. Accepted February 15, 2023. Advance access publication February 17, 2023
© The Author(s) 2023. Published by Oxford University Press on behalf of the Guarantors of Brain. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, 
distribution, and reproduction in any medium, provided the original work is properly cited.

BRAIN COMMUNICATIONS
https://doi.org/10.1093/braincomms/fcad036 BRAIN COMMUNICATIONS 2023: Page 1 of 18 | 1

D
ow

nloaded from
 https://academ

ic.oup.com
/braincom

m
s/article/5/2/fcad036/7044705 by BIU

 Scientifique de Jussieu additional IP addresses user on 21 M
arch 2024

https://orcid.org/0000-0003-1814-5024
https://orcid.org/0000-0001-7833-616X
https://orcid.org/0000-0003-1989-7527
https://orcid.org/0000-0002-1120-1858
https://orcid.org/0000-0001-7750-896X
https://orcid.org/0000-0002-9949-2951
https://orcid.org/0000-0001-9340-9814
https://orcid.org/0000-0002-2280-7273
https://orcid.org/0000-0001-6237-2502
https://orcid.org/0000-0002-8071-6062
https://orcid.org/0000-0002-7309-1113
https://orcid.org/0000-0001-9880-9788
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/braincomms/fcad036


syndromes, there are also distinct features. Future iterations of the primary progressive aphasia consensus criteria should encompass 
such information with further research needed to understand the earliest features of these disorders, particularly during the prodromal 
period of genetic disease.
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Abbreviations: AD = Alzheimer’s disease; AMY amygdala; AC anterior cingulate; AI anterior insula; bvFTD behavioural variant 
frontotemporal dementia; BNT Boston Naming Test; CAU caudate; C9orf72 chromosome 9 open reading frame 72; CDR Clinical 
Dementia Rating; CBS corticobasal syndrome; CWIT Color-Word Interference Test; DLPFC dorsolateral prefrontal cortex; 
FCSRT Free and Cued Selective Reminding Test; FTD frontotemporal dementia; GENFI GENetic Frontotemporal dementia 
Initiative; GIF geodesic information flow; GP globus pallidus; HIP hippocampus; LOC lateral occipital; LP lateral parietal; LT  
lateral temporal; lvPPA logopenic variant primary progressive aphasia; LIFTD longitudinal investigation of frontotemporal 
dementia; MOC medial occipital; MP medial parietal; MT medial temporal; MAPT microtubule-associated protein tau; MMSE  
Mini-Mental State Examination; mini-SEA Mini-Social cognition and Emotion Assessment; mCCT Modified Camel and Cactus 
Test; MT motor; nfvPPA nonfluent variant primary progressive aphasia; NA nucleus accumbens; OF orbitofrontal; OP opercular; 
PC posterior cingulate; PI posterior insula; PPA primary progressive aphasia; PPA -NOS Primary progressive aphasia-not otherwise 
specified; GRN progranulin; GRN-NFV progranulin nonfluent variant; GRN-NOS progranulin-not otherwise specified; PASS  
Progressive Aphasia Severity Scale; PSP progressive supranuclear palsy; PUT putamen; svPPA semantic variant primary progressive 
aphasia; S somatosensory; ST supratemporal; THA thalamus; TP temporal pole; TIV total intracranial volume; TMT Trail Making 
Test; VMPFC ventromedial prefrontal cortex; DSF/DSB WMS-R Digit Span Forward/Backward

Graphical Abstract

Introduction
Frontotemporal dementia (FTD) is a neurodegenerative dis-
order characterised by progressive changes in behaviour, lan-
guage and motor function.1 Although the most common 
presenting symptom is a change in behaviour (behavioural 
variant FTD, bvFTD), many people’s initial difficulties are 
with language, a condition termed primary progressive apha-
sia (PPA). Three subtypes of PPA are described:2 semantic 
variant PPA (svPPA) is characterised by anomia and im-
paired word comprehension with later non-verbal semantic 
impairment; nonfluent variant PPA (nfvPPA) presents with 
apraxia of speech and/or impaired grammar; and logopenic 
variant PPA (lvPPA) is associated with word retrieval diffi-
culties as well as impaired sentence repetition and compre-
hension. However, a number of studies have now shown 
that a substantial minority of people with PPA do not fit 

into any of the three main subtypes, a disorder often called 
mixed PPA or PPA-not otherwise specified (PPA-NOS).3,4

Whilst the majority of people with PPA have a sporadic 
disease, cases of familial PPA have been described for 
many years.5,6 Overall, between a third and a half of indivi-
duals with FTD have a familial disorder7 with mutations in 
progranulin (GRN), microtubule-associated protein tau 
(MAPT) and chromosome 9 open reading frame 72 
(C9orf72) being the commonest genetic causes. However, 
the heritability of PPA is less than that of bvFTD, with 
only 30% of nfvPPA, 22% of svPPA and 20% of lvPPA being 
found to have a family history (of at least one first-degree 
relative with dementia) in one previous study.7 GRN muta-
tions have previously been described as the most common 
genetic cause of PPA,8 with fewer reports of PPA in the other 
genetic groups.9 The phenotype of such familial PPA cases 
has been poorly studied but has been noted, particularly in 
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those with GRN mutations, as often not easily characterized 
into one of the three canonical subtypes8,10–15, i.e. to fall into 
the PPA-NOS group.

In the sporadic forms of PPA, language impairment can be 
the only feature for a number of years into the illness.16,17

However, other cognitive, behavioural, neuropsychiatric 
and motor features can be associated with each of the different 
variants with increasing disease progression. People with 
svPPA may develop non-verbal semantic impairment and be-
havioural symptoms,18 whilst people with nfvPPA can de-
velop dyscalculia and limb apraxia as well as parkinsonism, 
including features consistent with either a corticobasal syn-
drome (CBS) or progressive supranuclear palsy (PSP).19,20 In 
contrast, people with lvPPA often develop episodic memory 
and posterior cortical deficits, in line with the disorder being 
commonly an atypical form of Alzheimer’s disease (AD).2

As with the linguistic phenotype, little is known about the 
non-language features of the genetic forms of PPA.

With these findings in mind, we therefore aimed to under-
stand the linguistic and non-linguistic phenotype of the gen-
etic forms of PPA within the Genetic Frontotemporal 
dementia Initiative (GENFI) cohort, by investigating the cog-
nitive, behavioural, neuropsychiatric and motor features of 
the condition, in comparison with healthy controls as well 
as sporadic forms of PPA.

Materials and methods
Participants
Participants were recruited from the fifth data freeze of the 
GENFI study between 20 January 2012 and 30 May 2019, 
including sites in the UK, Canada, France, Belgium, 
Germany, Italy, Netherlands, Portugal, Spain and Sweden. 
All aspects of the study were approved by local ethics com-
mittees and written informed consent obtained from all 
participants.

Participants underwent a standardised clinical assessment 
including a clinical history and neurological examination, 
neuropsychometric assessment, the Mini-Mental State 
Examination (MMSE) and the CDR® plus NACC 
FTLD.21 The CDR® plus NACC FTLD was used to classify 
mutation carriers as asymptomatic (global score of 0), pro-
dromal (score 0.5) or symptomatic (score ≥1). Initially, we 
reviewed all symptomatic mutation carriers recruited to the 
study and excluded those severely affected (CDR® plus 
NACC FTLD score of 3, i.e. only included those with a score 
of 1 or 2). From this remaining group of 103 participants, 
there were 39 GRN, 46 C9orf72 and 18 MAPT mutation 
carriers (Supplementary Fig. 1). A diagnosis of PPA was 
made in the study by clinician assessment according to the 
international consensus PPA criteria.22 An overall PPA diag-
nosis was made and then, if possible, a subtype (svPPA, 
nfvPPA or lvPPA) was allocated to each participant. If parti-
cipants did not fit specific criteria for one of the subtypes, 
they were diagnosed as PPA-NOS.

An initial comparison group was generated from the 
GENFI healthy controls (i.e. non-mutation carriers) includ-
ing those who were matched on age, sex and years of educa-
tion—this formed a control group of 50 participants (all with 
CDR® plus NACC FTLD of 0 or 0.5). A second set of com-
parison groups were generated from the UCL Longitudinal 
Investigation of Frontotemporal Dementia (LIFTD) study 
of sporadic FTD (i.e. all cases in the study tested negative 
for FTD-causing mutations), including participants with a 
PPA diagnosis and a CDR® plus NACC FTLD global score 
of 1 or 2. In total 45 people with sporadic PPA were in-
cluded: 19 with svPPA, 16 with nfvPPA and 10 with lvPPA 
(Supplementary Fig. 1). Demographics are shown in Table 1.

Linguistic symptoms
Language was assessed by a clinician using the GENFI linguis-
tic symptom scale, which is based on the Progressive Aphasia 
Severity Scale (PASS).23 This contains 10 language symptoms 
scored as per a Clinical Dementia Rating (CDR) scale, i.e. 0 =  
asymptomatic, 0.5 = questionable/very mild, 1 = mild, 2 =  
moderate and 3 = severe: impaired articulation, decreased 
fluency, impaired grammar/syntax, impaired word retrieval, 
impaired speech repetition, impaired sentence comprehen-
sion, impaired single word comprehension, dyslexia, dys-
graphia and impaired functional communication.

Non-linguistic (behavioural, 
neuropsychiatric, and motor) 
symptoms
Behavioural, neuropsychiatric and motor symptoms were as-
sessed using the standardised GENFI clinical questionnaire 
(which uses the CDR scale of 0–3). This includes seven 
behavioural symptoms: disinhibition, apathy, loss of sym-
pathy/empathy, ritualistic/compulsive behaviour, hyperoral-
ity and appetite changes, poor response to social/emotional 
cues and inappropriate trusting behaviour. Fourteen neuro-
psychiatric symptoms were assessed: visual, auditory and 
tactile hallucinations, delusions, depression, anxiety, irrit-
ability/lability, agitation/aggression, euphoria/elation, aber-
rant motor behaviour, hypersexuality, hyperreligiosity, 
impaired sleep and altered sense of humour. Lastly, eight 
motor symptoms were enquired about: dysarthria, dyspha-
gia, tremor, slowness, weakness, gait disorder, falls and 
functional difficulties using hands.

Cognitive assessment
Within the GENFI neuropsychology battery, the 30-item 
version of the Boston Naming Test24,25 (BNT) and the modi-
fied Camel and Cactus Test26 (mCCT) were the linguistic 
measures used. The rest of the GENFI neuropsychology bat-
tery includes tests of attention and executive function includ-
ing the Trail Making Test Parts A and B (TMTA and TMTB), 
D-KEFS Color-Word Inference Test (CWIT), WAIS-R Digit 
Symbol test, WMS-R Digit Span Forwards (DSF) and 
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Backwards (DSB) and category fluency (animals) as well as 
tests of visuospatial skills (WASI Block Design), episodic 
memory (Free and Cued Selective Reminding Test, FCSRT) 
and social cognition (mini-Social Cognition and Emotion 
Assessment, mini-SEA, which includes a Faux Pas test of the-
ory of mind and a Facial Emotion Recognition Test). The 
LIFTD cohort underwent a subset of these tests, with none 
of the participants having undergone the FCSRT or 
mini-SEA.

Neuroimaging analysis
Participants underwent a 3T volumetric T1-weighted MRI 
scan as per the harmonized GENFI protocol.27 The majority 
of participants had a scan of sufficient quality to be analysed 
(42 on a Siemens Prisma, 31 on a Siemens Trio, 6 on a 
Siemens Skyra, and 24 on a Philips Achieva): 45 of 50 con-
trols, 14 of 17 genetic PPA, 9 of 10 lvPPA, all 16 nfvPPA 
and all 19 svPPA participants (see Supplementary Table 4). 
Those without scans had either not been scanned due to con-
traindications or had a poor-quality scan due to movement 
or other artefacts.

Volumetric MRI scans were first bias field corrected and 
whole brain parcellated using the geodesic information 
flow (GIF) algorithm,28 which is based on atlas propaga-
tion and label fusion. We combined regions of interest to 
calculate grey matter volumes of the cortex for 15 regions: 
orbitofrontal, dorsolateral (DLPFC) and ventromedial pre-
frontal (VMPFC), motor, opercular, anterior and posterior 
insula, temporal pole, lateral and medial temporal, supra-
temporal, anterior and posterior cingulate, sensory, medial 
and lateral parietal, and medial and lateral occipital cortex. 

Volumes for subcortical regions were also calculated in-
cluding the amygdala, hippocampus, nucleus accumbens, 
caudate, globus pallidus, putamen, thalamus, together 
with the cerebellum. All measures were expressed as a per-
centage of total intracranial volume (TIV) computed with 
SPM12 v6470 (29 Statistical Parametric Mapping, 
Wellcome Trust Centre for Neuroimaging, London, UK) 
running under Matlab R2014b (Math Works, Natick, 
MA, USA).30

Statistical analysis
All statistical analyses were performed using Stata/MP 
16.1. Statistical tests of normality were performed using 
the Shapiro–Wilk test. Demographics were compared be-
tween groups using either linear regression (age and educa-
tion) or a chi-squared test (sex). Linear regressions 
adjusting for age and sex were used to analyse the 
MMSE, CDR® plus NACC FTLD and PASS scores. Both 
linguistic and non-linguistic symptoms were compared in 
each disease group versus controls using linear regressions 
adjusting for age and sex and 95% bias-corrected boot-
strapped confidence intervals with 2000 repetitions (as 
there was minimal variation from 0 in severity scores for 
the control group). Comparison of these symptoms be-
tween groups used an ordinal logistic regression adjusting 
for age and sex. The neuropsychological assessments and 
cortical and subcortical volumes were compared using lin-
ear regression models adjusting for age and sex, as well as 
scanner type for the imaging analysis; 95% bias-corrected 
bootstrapped confidence intervals with 2000 repetitions 
were used if data were not normally distributed.

Table 1 Demographics, clinical and linguistic symptom data for the genetic and sporadic PPA subgroups as well as 
healthy controls

Controls

Genetic PPA Sporadic PPA

GRN-NFV GRN-NOS LV NFV SV

Number of participants 50 8 9 10 16 19
% Male 34 50 33 70 63 63
Age (years) 65.4 (4.5) 67.4 (7.9) 63.5 (8.2) 68.7 (6.4) 67.3 (6.1) 64.0 (6.8)
Education (years) 13.2 (2.9) 13.6 (2.7) 12.7 (3.9) 14.4 (2.4) 14.0 (2.3) 14.4 (3.1)
MMSE 29.0 (1.4) 22.4 (6.1) 20.9 (9.8) 19.1 (5.5) 22.4 (8.2) 23.0 (7.8)
CDR® plus NACC FTLD Global score 0.1 (0.2) 1.4 (0.2) 1.4 (0.5) 1.4 (0.5) 1.8 (0.5) 1.6 (0.5)
CDR® plus NACC FTLD Sum of boxes 0.2 (0.4) 6.0 (3.7) 6.6 (2.9) 6.8 (2.7) 7.3 (3.1) 8.0 (3.7)
Progressive aphasia Severity Scale Sum of Boxes 0.1 (0.2) 16.1 (5.9) 12.3 (6.0) 11.9 (3.3) 15.8 (5.7) 10.4 (4.0)
Impaired articulation 0.0 (0.0) 1.9 (1.0) 0.4 (0.7) 0.5 (0.4) 2.2 (0.9) 0.1 (0.2)
Decreased fluency 0.0 (0.0) 2.4 (0.5) 1.8 (0.9) 1.3 (0.7) 2.4 (0.6) 0.6 (0.6)
Impaired grammar/syntax 0.0 (0.0) 2.1 (0.6) 1.6 (1.0) 0.6 (0.6) 1.7 (1.0) 0.2 (0.4)
Impaired word retrieval 0.0 (0.1) 1.8 (0.9) 1.8 (0.9) 2.0 (0.5) 1.6 (1.0) 1.8 (0.5)
Impaired speech repetition 0.0 (0.0) 1.6 (1.1) 1.3 (1.1) 1.6 (0.7) 1.4 (1.1) 0.3 (0.6)
Impaired sentence comprehension 0.0 (0.0) 0.8 (0.7) 1.6 (0.8) 1.2 (0.5) 1.0 (1.0) 1.4 (0.9)
Impaired single word comprehension 0.0 (0.1) 0.4 (0.7) 0.8 (1.0) 1.1 (0.6) 0.6 (0.8) 1.9 (0.6)
Dyslexia 0.0 (0.0) 1.0 (0.7) 0.6 (0.7) 1.2 (0.8) 1.0 (0.9) 1.4 (1.0)
Dysgraphia 0.0 (0.1) 2.1 (0.9) 0.8 (0.6) 0.9 (0.5) 1.5 (1.1) 1.0 (0.9)
Impaired functional communication 0.0 (0.0) 2.3 (0.7) 1.5 (0.8) 1.7 (0.5) 2.3 (0.5) 1.6 (0.6)

Age, education, Mini-Mental State Examination (MMSE) and clinical rating scale scores are shown as mean (standard deviation). 
GRN-NFV, nonfluent variant PPA due to progranulin mutation; GRN-NOS, not otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant 
PPA; SV, semantic variant PPA. 
Bold items are significantly different to controls.
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Ethics approval and consent to 
participate
All GENFI sites had local ethical approval for the study, and 
all participants gave written informed consent.

Data availability
The datasets used and/or analysed during the current study 
are available from the corresponding author on reasonable 
request.

Results
Frequency of PPA in the GENFI 
cohort
In total 1 C9orf72 (2%), 1 MAPT (6%) and 17 GRN (44%) 
mutation carriers from within the total mild to moderate 
symptomatic mutation carrier population had a PPA diagno-
sis. On assessment of their specific subtype, the C9orf72 mu-
tation carrier had a diagnosis of nfvPPA, the MAPT 
mutation carrier had a diagnosis of svPPA, and the GRN mu-
tation carriers split into eight with a diagnosis of nfvPPA 
(termed GRN-NFV from here) and nine who did not fit diag-
nostic criteria for any specific PPA variant, i.e. PPA-NOS 
(termed GRN-NOS from here). Due to the small numbers 
in the C9orf72 and MAPT mutation groups, we focused fur-
ther analyses on the GRN-PPA group—details of the 
non-GRN cases are shown in Supplementary Table 1.

Demographics
No significant differences were seen between the GRN-PPA 
group and controls in age, sex or education. However, the 
sporadic lvPPA, nfvPPA and svPPA groups had a significant-
ly higher percentage of males than the control group (Chi2 =  
4.50, P = 0.034; Chi2 = 4.07, P = 0.044; Chi2 = 4.80, P =  
0.028, respectively). The sporadic lvPPA cohort was older 
than the svPPA group (P = 0.045), but there were no other 
differences in age and no significant differences in education 
between the groups.

Disease severity
CDR® plus NACC FTLD sum of boxes and MMSE scores 
were all significantly different to controls in each of the dis-
ease groups, but there were no significant differences be-
tween the PPA groups.

Linguistic symptoms
The majority of controls showed no symptoms of language 
impairment, with only 6% having impaired word retrieval, 
2% having impaired single word comprehension and 2% 
with dysgraphia (all at a 0.5 very mild/questionable severity). 
All other linguistic symptoms did not occur in controls. In 

contrast, all of the linguistic symptoms were present within 
each of the PPA subtypes in at least some of the patients in 
each group (Fig. 1, Table 1).

As expected, the most frequent and severe symptoms in 
the sporadic forms of PPA were decreased fluency [mean 
(SD) 2.4 (0.6)], impaired articulation [2.2 (0.9)] and im-
paired grammar/syntax [1.7 (1.0)] in the nfvPPA group, im-
paired single word comprehension [1.9 (0.6)] and impaired 
word retrieval [1.8 (0.5)] in the svPPA group, and impaired 
word retrieval [2.0 (0.5)], impaired speech repetition [1.6 
(0.7)], impaired sentence comprehension [1.2 (0.5)] and dys-
lexia [1.2 (0.8)] in the lvPPA group. Apart from impaired 
speech repetition in lvPPA (occurring in 90%), these symp-
toms occurred in 100% of patients with these PPA subtypes. 
The least frequent and severe symptoms in the sporadic 
forms of PPA were also as expected: impaired single word 
comprehension in nfvPPA [0.6 (0.8), 56%] and both im-
paired articulation [0.1 (0.2), 16%; 0.5 (0.4), 70%] and im-
paired grammar/syntax [0.2 (0.4), 26%; 0.6 (0.6), 70%] in 
the svPPA and lvPPA groups. Nonetheless, in comparing se-
verity of symptoms versus controls, all were significant ex-
cept impaired articulation for svPPA (P = 0.144).

The genetic nfvPPA group (GRN-NFV) had an overlap-
ping pattern of symptoms to the sporadic nfvPPA group 
(Fig. 1A and B, Table 1): the most frequent and severe symp-
toms were decreased fluency [2.4 (0.5), 100%], impaired 
grammar/syntax [2.1 (0.6), 100%] and impaired articulation 
[1.9 (1.0), 88%] as with sporadic nfvPPA, with the addition 
in the GRN-NFV group of dysgraphia [2.1 (0.9), 100%], 
whilst the least frequent and severe symptom was impaired 
single word comprehension [0.4 (0.7), 38%]. This latter 
symptom being the only one not significantly different in se-
verity to controls (P = 0.186).

The genetic PPA-NOS group (GRN-NOS) had a different 
pattern to any of the sporadic PPA groups or the GRN-NFV 
group. The most frequent and severe symptoms were de-
creased fluency [1.8 (0.9), 100%], impaired word retrieval 
[1.8 (0.9), 100%], impaired grammar/syntax [1.6 (1.0), 
100%] and impaired sentence comprehension [1.6 (0.8), 
100%], whilst the least frequent and severe symptom was 
impaired articulation [0.4 (0.7), 44%], this latter symptom 
being the only one not significantly different in severity to 
controls (P = 0.063). Of note, impaired speech repetition oc-
curred in 89% [1.3 (1.1)], and impaired single word compre-
hension occurred in 67% [0.8 (1.0)] in this group.

Results comparing each linguistic symptom across the 
PPA groups are shown in Supplementary Table 2. 
Characteristic between-group differences were seen in spor-
adic PPA, i.e. more severe impairments of articulation and 
grammar/syntax in nfvPPA, single word comprehension in 
svPPA and speech repetition in lvPPA. Within the genetic 
PPA groups, GRN-NFV had more severely impaired articu-
lation (P = 0.001) and dysgraphia (P = 0.002) than the 
GRN-NOS group, whilst the GRN-NOS group had more 
severely impaired sentence comprehension than GRN-NFV 
(P = 0.026).
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Figure 1 Linguistic symptoms showing the percentage of participants in each of the PPA groups who score 0 = absent, 0.5 =  
very mild/questionable, 1 = mild, 2 = moderate or 3 = severe for each symptom. A, GRN-NFV; B, Sporadic NFV; C, GRN-NOS; D, 
Sporadic SV; E, Sporadic LV. Values along the x-axis represent the frequency (%) with which the symptom is present in any severity category 
(0.5–3). An asterisk above the bar indicates that the symptom severity is significantly greater than controls. Linear regressions adjusting for age 
and sex were used to compare groups for each symptom: impaired articulation [Wald chi2(7) = 146.7, P < 0.001; R2 = 0.761]; decreased fluency 
[Wald chi2(7) = 536.0, P < 0.001; R2 = 0.811]; impaired grammar/syntax [Wald chi2(7) = 176.1, P < 0.001; R2 = 0.682]; impaired word retrieval 
[Wald chi2(7) = 538.8, P < 0.001; R2 = 0.744]; impaired speech repetition [Wald chi2(7) = 116.3, P < 0.001; R2 = 0.535]; impaired sentence 
comprehension [Wald chi2(7) = 155.4, P < 0.001; R2 = 0.521]; impaired single word comprehension [Wald chi2(7) = 250.2, P < 0.001; R2 = 0.638]; 
dyslexia [Wald chi2(7) = 111.3, P < 0.001; R2 = 0.470]; dysgraphia [Wald chi2(7) = 146.2, P < 0.001; R2 = 0.537]; impaired functional communication 
[Wald chi2(7) = 688.6, P < 0.001; R2 = 0.830]. Abbreviations: GRN-NFV, nonfluent variant PPA due to progranulin mutation; GRN-NOS, not 
otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant PPA; SV, semantic variant PPA.
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Non-linguistic symptoms
Behavioural symptoms occurred commonly in patients in 
each group compared with only 10% of controls: svPPA 
(95% of patients), sporadic nfvPPA (94%), genetic nfvPPA 
(88%), genetic PPA-NOS (78%) and lvPPA (70%) 
(Fig. 2A–E).

In svPPA the most frequent and severe symptoms were loss 
of sympathy/empathy [84%, 1.1 (0.8)], hyperorality and ap-
petite changes [74%, 1.1 (0.9)] and disinhibition [74%, 1.0 
(0.8)], but all symptoms were significantly more severe than 
controls (Fig. 2A–E, Supplementary Table 3). In sporadic 
nfvPPA, the most frequent and severe symptoms were hyper-
orality and appetite changes [69%, 0.9 (0.9)], apathy [69%, 
0.6 (0.5)] and poor response to emotional cues [56%, 0.9 
(0.9)], with all symptoms except disinhibition and inappro-
priate trusting behaviour significantly more severe than con-
trols. The lvPPA group had the least frequent and severe 
symptoms, with only apathy significantly more severe than 
controls [50%, 0.7 (0.8)].

In contrast to the sporadic PPA groups, the most common 
and severe behavioural symptom in both GRN-NFV and 
GRN-NOS groups was apathy [75%, 0.9 (0.6); 67%, 0.8 
(0.8), respectively]. Both groups also had significantly more 
severe loss of sympathy/empathy [50%, 0.4 (0.4); 56%, 
0.4 (0.5), respectively] and hyperorality and appetite changes 
[75%, 0.8 (0.8); 44%, 0.7 (0.9), respectively] compared with 
controls. Additionally, in the GRN-NOS group, poor re-
sponse to emotional cues was more severely affected than 
controls [56%, 0.6, (0.7)].

Neuropsychiatric symptoms occurred commonly in pa-
tients in each group compared with only 16% of controls: 
100% of patients in all groups had symptoms except genetic 
nfvPPA (88%).

For all groups, depression, anxiety and irritability/lability 
were the most frequent and severe symptoms (Fig. 3A–E, 
Supplementary Table 3). Depression occurred most fre-
quently in the lvPPA group (80%) followed by sporadic 
nfvPPA (75%) and svPPA (68%), with the two genetic 
groups showing the lowest frequency and severity 
(GRN-NFV 63%, GRN-NOS 44%). Depression severity 
was more significant than controls in all groups except 
GRN-NOS. Anxiety and irritability/lability were also com-
mon (and significantly more severe than controls) in all 
groups: 88% and 88%, respectively, in sporadic nfvPPA, 
80% and 70% in lvPPA, 78% and 44% in GRN-NOS, 
75% and 63% in GRN-NFV and 68% and 53% in svPPA. 
Apart from agitation/aggression in sporadic nfvPPA and 
GRN-NOS, and aberrant motor behaviour in sporadic 
nfvPPA, all other symptoms occurred at a low frequency 
and were not significantly different to controls. Of note, 
however, delusions occurred in 22% of GRN-NOS, and 
13% of GRN-NFV but did not occur in the sporadic PPA 
groups.

Motor symptoms occurred in each of the PPA groups (and 
in 6% of controls), most commonly in the sporadic nfvPPA 
group (100%) and less frequently in the other groups: 

lvPPA (70%), genetic PPA-NOS (56%), genetic nfvPPA 
(50%) and svPPA (32%).

All motor symptoms apart from weakness occurred fre-
quently and more severely than controls in the sporadic 
nfvPPA group with the most frequent and severe being dys-
arthria [75%, 1.6 (1.2)], slowness [56%, 0.8 (1.0)] and 
gait disorder [56%, 0.8 (0.8)] (Fig. 4A–E, Supplementary 
Table 3). Apart from dysarthria in the lvPPA group, no other 
symptom in any of the groups was significantly more severe 
than controls. In particular, although dysarthria (25%), gait 
disorder (38%) and slowness (25%) all occurred in the 
GRN-NFV group, this was less frequent than the sporadic 
nfvPPA group. Furthermore, 50% of the sporadic nfvPPA 
group symptoms met consensus criteria for one of the atyp-
ical parkinsonian disorders (four with PSP, three with CBS 
and one with a PSP/CBS overlap syndrome), whilst none of 
the other patients in any of the other groups met criteria.

Cognitive assessment
The mean score for the BNT was significantly different to con-
trols for all PPA groups apart from the sporadic nfvPPA co-
hort where there was a trend for a lower score (P = 0.055) 
(Table 2). The sporadic svPPA group scored the lowest at 
8.2 (8.1) and was significantly different to GRN-NFV, 
GRN-NOS and sporadic nfvPPA groups (P = 0.005, P =  
<0.001 and P = <0.001, respectively). The sporadic lvPPA 
group also had a significantly lower score of 12.7 (6.8) 
compared to GRN-NOS and sporadic nfvPPA groups (P =  
0.014, P = <0.001, respectively). Scores in the two genetic 
PPA groups were lower than controls but lay between the 
sporadic nfvPPA group (23.6 (5.8)) and the other two sporad-
ic PPA groups: GRN-NFV 18.0 (8.5), GRN-NOS 21.4 (7.0).

The mean score for the mCCT was significantly lower in 
the GRN-NOS group compared with controls [22.0 (8.1), 
P = 0.001] with a trend in the svPPA group [25.2 (4.6), 
P = 0.073]. The GRN-NOS group scored significantly lower 
than the lvPPA [29.5 (0.7), P = 0.007] and sporadic nfvPPA 
groups [28.5 (4.5), P = 0.025].

All groups performed significantly worse than controls on 
the category fluency task, with the lowest scores being found 
in the lvPPA [4.4 (3.3)] and svPPA [6.8 (5.1)] groups.

In the other cognitive tests, executive dysfunction was pre-
sent in all groups, although to a lesser extent in the svPPA 
group, with significantly worse performance than controls 
in the D-KEFS CWIT and Digit Symbol test for all groups 
and for the TMTB and DSB in all groups except svPPA. 
Similarly, all groups except the svPPA cohort showed signifi-
cant impairment compared to controls on DSF and the Block 
Design task.

In the tests performed only in the genetic PPA cohort, there 
was evidence of impaired episodic memory in the GRN-NOS 
group, with significantly lower scores compared to controls 
for both FCSRT free recall and free and cued recall (P =  
0.034 and P = 0.009, respectively), and significantly lower 
scores than GRN-NFV individuals for all FCSRT tests ex-
cept free delayed recall (P = 0.073). Both the GRN-NFV 
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Figure 2 Behaviour symptoms showing the percentage of participants in each of the PPA groups who score 0 = absent, 0.5 =  
very mild/questionable, 1 = mild, 2 = moderate, or 3 = severe for each symptom. A, GRN-NFV; B, Sporadic NFV; C, GRN-NOS; D, 
Sporadic SV; E, Sporadic LV. Values along the x-axis represent the frequency (%) with which the symptom is present in any severity category (0.5– 
3). An asterisk above the bar indicates that the symptom severity is significantly greater than controls. Linear regressions adjusting for age and sex 
were used to compare groups for each symptom: disinhibition [Wald chi2(7) = 44.9, P < 0.001; R2 = 0.494]; apathy [Wald chi2(7) = 70.6, P < 0.001; 
R2 = 0.348]; loss of sympathy/empathy [Wald chi2(7) = 73.7, P < 0.001; R2 = 0.436]; ritualistic/compulsive [Wald chi2(7) = 35.4, P < 0.001; R2 =  
0.358]; hyperorality/appetite changes [Wald chi2(7) = 66.0, P < 0.001; R2 = 0.377]; poor social/emotional responses [Wald chi2(7) = 50.0, P <  
0.001; R2 = 0.359]; inappropriate trusting [Wald chi2(7) = 28.5, P < 0.001; R2 = 0.400]. Abbreviations: GRN-NFV, nonfluent variant PPA due to 
progranulin mutation; GRN-NOS, not otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant 
PPA; SV, semantic variant PPA.
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Figure 3 Neuropsychiatric symptoms showing the percentage of participants in each of the PPA groups who score 0 = absent, 
0.5 = very mild/questionable, 1 = mild, 2 = moderate, or 3 = severe for each symptom. A, GRN-NFV; B, Sporadic NFV; C, GRN-NOS; 
D, Sporadic SV; E, Sporadic LV. Values along the x-axis represent the frequency (%) with which the symptom is present in any severity category 
(0.5–3). An asterisk above the bar indicates that the symptom severity is significantly greater than controls. Linear regressions adjusting for age and 
sex were used to compare groups for each symptom: visual hallucinations [Wald chi2(7) = 3.3, P = 0.856; R2 = 0.117]; delusions [Wald chi2(7) =  
4.6, P = 0.708; R2 = 0.084]; depression [Wald chi2(7) = 74.8, P < 0.001; R2 = 0.417]; anxiety [Wald chi2(7) = 118.4, P < 0.001; R2 = 0.479]; 
irritability/lability [Wald chi2(7) = 77.4, P < 0.001; R2 = 0.454]; agitation/aggression [Wald chi2(7) = 21.2, P = 0.004; R2 = 0.232]; euphoria/elation 
[Wald chi2(7) = 7.8, P = 0.354; R2 = 0.080]; aberrant motor behaviour [Wald chi2(7) = 16.1, P = 0.025; R2 = 0.248]; hypersexuality [Wald chi2(7)  
= 4.0, P = 781; R2 = 0.140]; hyperreligiosity [Wald chi2(7) = 4.3, P = 0.749; R2 = 0.157]; impaired sleep [Wald chi2(7) = 28.5, P < 0.001; R2 =  
0.244]; altered sense of humour [Wald chi2(7) = 60.3, P < 0.001; R2 = 0.434]. Abbreviations: GRN-NFV, nonfluent variant PPA due to progranulin 
mutation; GRN-NOS, not otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant PPA; SV, 
semantic variant PPA.
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Figure 4 Motor symptoms showing the percentage of participants in each of the PPA groups who score 0 = absent, 0.5 = very 
mild/questionable, 1 = mild, 2 = moderate, or 3 = severe for each symptom. A, GRN-NFV; B, Sporadic NFV; C, GRN-NOS; D, Sporadic 
SV; E, Sporadic LV. Values along the x-axis represent the frequency (%) with which the symptom is present in any severity category (0.5–3). An 
asterisk above the bar indicates that the symptom severity is significantly greater than controls. Linear regressions adjusting for age and sex were 
used to compare groups for each symptom: dysarthria [Wald chi2(7) = 38.9, P < 0.001; R2 = 0.495]; dysphagia [Wald chi2(7) = 9.1, P = 0.244; R2 =  
0.263]; tremor [Wald chi2(7) = 8.2, P = 0.312; R2 = 0.146]; slowness [Wald chi2(7) = 23.3, P = 0.002; R2 = 0.297]; weakness [Wald chi2(7) = 4.4,  
P = 0.734; R2 = 0.130]; gait disorder [Wald chi2(7) = 25.1, P = 0.001; R2 = 0.350]; falls [Wald chi2(7) = 14.8, P = 0.038; R2 = 0.180]; functional 
difficulties using hands [Wald chi2(7) = 8.8, P = 0.270; R2 = 0.246]. Abbreviations: GRN-NFV, nonfluent variant PPA due to progranulin mutation; 
GRN-NOS, not otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant PPA; SV, semantic variant 
PPA.
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and GRN-NOS groups scored significantly lower on both 
parts of the mini-SEA: 25.0 (7.1) and 25.5 (8.9) for the 
Faux Pas test and 21.3 (5.3) and 22.1 (7.5) for the Facial 
Emotion Recognition Test.

Imaging analysis
Patterns of brain atrophy in the sporadic PPA cohorts were 
as expected with the most atrophied regions being the left an-
terior insula (83% of mean control volume in that region), 
left motor (85%) and dorsolateral prefrontal cortices 
(87%), and the left basal ganglia (globus pallidus 79%, pu-
tamen 87%) in nfvPPA; left > right temporal pole (52%, 
73%), left amygdala (58%), left hippocampus (77%) and 
left nucleus accumbens (75%) in svPPA; and left lateral tem-
poral (74%), supratemporal (77%) and lateral parietal cor-
tices (80%) in lvPPA (Fig. 5, Supplementary Table 4).

The pattern of atrophy was similar in the GRN-NFV 
group compared with the sporadic nfvPPA group with the 
most affected regions being the left anterior insula (67%), 
left motor (80%) and left dorsolateral prefrontal cortices 
(76%) as well as basal ganglia involvement (globus pallidus 
86%, putamen 80%). More posterior involvement was also 
seen in the GRN-NFV group with left lateral parietal volume 
significantly lower than controls (83%).

The pattern of atrophy was different in the GRN-NOS 
group with a highly asymmetrical pattern affecting the left 
hemisphere particularly anterior insula (75%), dorsolateral 
prefrontal cortex (82%) and, unlike the other PPA groups, 
the orbitofrontal cortex (85%). Other areas that were 

significantly different to controls included the amygdala 
and hippocampus as well as the basal ganglia.

Discussion
In this study, we have shown that, although there are over-
lapping symptoms between genetic and sporadic PPA syn-
dromes, there are also distinct features. PPA is a common 
clinical syndrome in those with GRN mutations (44% in 
the GENFI cohort) but uncommon in both C9orf72 and 
MAPT mutations (only one case in the GENFI cohort in 
both genetic groups). Within the GRN mutation carriers, 
there seem to be two distinct groups, a nfvPPA group which 
overlaps to a large extent with sporadic nfvPPA, although at 
least in this cohort with fewer atypical parkinsonian motor 
features, and a PPA-NOS group, not neatly fitting into any 
of the canonical sporadic syndromes, with highly asymmet-
rical left hemisphere atrophy on brain imaging.

The linguistic symptoms in our comparator sporadic PPA 
cohort were consistent with previously described patterns of 
impairment.2,22 Prior studies of PPA in GRN mutations have 
been relatively small, but here, we showed that two groups 
emerge, one with nfvPPA and one with a PPA-NOS syn-
drome. The pattern of deficits in the genetic nfvPPA group 
was similar to that of sporadic nfvPPA although with quite 
severe dysgraphia also in the genetic group. The PPA-NOS 
group was distinct—features seen in each of the canonical 
PPA were present: impaired grammar/syntax similar to 
nfvPPA (but no deficit in articulation), impaired word re-
trieval and speech repetition similar to lvPPA and impaired 

Table 2 Neuropsychological assessment scores in the genetic and sporadic PPA subgroups as well as healthy controls

Controls

Genetic PPA Sporadic PPA

GRN-NFV GRN-NOS LV NFV SV

Boston Naming Test (/30) 27.3 (2.1) 18.0a (8.5) 21.4 (7.0)b 12.7 (6.8)c,d 23.6 (5.8) 8.2 (8.1)c,d,e

Modified Camel and Cactus Test (/32) 29.6 (1.7) 26.6 (6.6) 22.0 (8.1)c,f 29.5 (0.7) 28.5 (4.5) 25.2 (4.6)
Trail Making Test Part A (max 150 s) 36.6 (17.5) 73.8 (41.3) 69.1 (40.5)b 101.0 (72.3)b 60.3 (37.0) 41.9 (20.0)
Trail Making Test Part B (max 300 s) 88.4 (45.8) 230.0 (85.4)b 244.0 (93.8)b,c 225.2 (83.0)b 145.1 (83.2) 121.6 (99.5)
D-KEFS Color-Word Inference Test (max 180 s) 53.6 (13.2) 132.8 (49.9)b 127.4 (55.7)b 145.7 (42.6)b 116.2 (37.6)b 78.7 (34.8)
Digit Symbol test (max in 90 s) 49.2 (12.1) 25.3 (15.9)b 28.1 (15.2)b 20.6 (10.3)b 33.8 (13.4) 41.8 (15.6)
Digit Span Forwards (/12) 7.3 (1.8) 3.1 (1.5)b 5.0 (2.8)b 3.2 (2.3)b 5.1 (2.2)b 8.1 (3.0)
Digit Span Backwards (/12) 6.4 (1.9) 2.7 (1.7)b 3.1 (2.6)b 2.2 (1.2)b 3.5 (1.6)b 6.5 (3.2)
Category fluency (max in 60 s) 22.7 (6.1) 13.9 (5.4) 11.8 (6.5) 4.4 (3.3)c,d,e 10.1 (6.4) 6.8 (5.1)e

Block Design (/71) 41.7 (11.4) 20.3 (17.4)b 22.3 (16.2)b 13.2 (10.7)b,c 26.3 (20.3) 37.8 (18.8)
FCSRT—free recall (/48) 27.3 (7.9) 33.5 (7.8) 19.6 (5.9)e

FCSRT—free + cued recall (/48) 44.3 (5.9) 46.5 (2.1) 40.2 (4.1)e

FCSRT—free delayed recall (/16) 10.8 (3.1) 12.5 (4.9) 8.4 (2.3)
FCSRT—free + cued delayed recall (/16) 14.9 (1.8) 16.0 (0.0) 13.6 (2.1)e

Mini-SEA: Faux Pas test (/40) 34.3 (5.2) 25.0 (7.1) 25.5 (8.9)
Mini-SEA: Facial Emotion Recognition Test (/35) 27.9 (3.4) 21.3 (5.3) 22.1 (7.5)

All data are shown as mean (standard deviation). 
GRN-NFV, nonfluent variant PPA due to progranulin mutation; GRN-NOS, not otherwise specified PPA due to progranulin mutation; LV, logopenic variant PPA; NFV, nonfluent variant 
PPA; SV, semantic variant PPA. FCSRT, Free and Cued Selective Reminding Test; Mini-SEA; Mini-Social Cognition and Emotion Assessment. 
aBold items are significantly different to controls. 
bSignificantly impaired compared to svPPA. 
cSignificantly impaired compared to nfvPPA. 
dSignificantly impaired compared to GRN-NOS. 
eSignificantly impaired compared to GRN-NFV. 
fSignificantly impaired compared to lvPPA.
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single word comprehension and semantic deficits (seen on 
the mCCT) similar to svPPA. Sentence comprehension defi-
cits (seen in both nfvPPA and lvPPA) were also prominent 
in the GRN-NOS group. In other words, the PPA-NOS 
group here have mixed features of the different PPA canon-
ical syndromes but distinctively have impaired grammar/syn-
tax in the presence of relatively intact articulation.

Our findings contrast with a previous study of 
GRN-associated PPA in which they found 28% of the cohort 
had a diagnosis of nfvPPA, 25% had a ‘mixed’ PPA and 41% 
held a diagnosis of lvPPA.8 One reason for this may be that 
people with lvPPA are often assumed to have AD pathologic-
ally and so less genetic testing is done in some centres. 
However, this study was a retrospective analysis, and half 
of their lvPPA patients were said to have an ‘lvPPA plus’ syn-
drome, i.e. features of another form of PPA including seman-
tic impairment and syntax difficulties. In fact, their findings 
overlap with this study in that both the ‘mixed’ and ‘lvPPA 
plus’ groups have a similar pattern of deficits to those seen 
in the PPA-NOS group here.

Behavioural symptoms were present in the GRN-PPA 
groups with a similar frequency and severity to sporadic 
svPPA and nfvPPA but more frequent than lvPPA (which is 
usually an atypical AD syndrome). Apathy was the most 
common behavioural symptom in both GRN-NFV and 
GRN-NOS, consistent with prior reports of this being a fre-
quent feature in people with GRN mutations.31

Like the other PPA groups, depression, anxiety and irrit-
ability/lability were common symptoms in the GRN-PPA 
groups, although depression was less frequent in the 
GRN-NOS group. Strikingly, although occurring at a low 
frequency, delusions were only seen in the two GRN-PPA 
groups and not the sporadic PPA groups. Although often 
felt to be characteristic of C9orf72 mutations, delusions 
have previously been reported in a significant minority of 
people with GRN mutations.32

As with previous reports, this study found that sporadic 
nfvPPA was associated with the most frequent and severe 
motor symptoms, with 50% having features consistent 
with an atypical parkinsonian syndrome that developed be-
tween 1 and 5 years after initial language symptoms, either 
PSP or CBS (or in one case an overlap of both).33–36

Similar motor features were seen in the GRN-NFV group 
but to a lesser extent and without anyone in this study meet-
ing criteria for an atypical parkinsonian syndrome. 
Extrapyramidal features have been previously described in 
GRN mutations (in up to 40–60% of patients37,38), and peo-
ple with overlapping syndromes of PPA and CBS have also 
been seen, but PSP is not a syndrome seen in GRN muta-
tions.39 The less frequent occurrence of motor features and 
full-blown parkinsonian syndromes (particularly PSP) ap-
pears to be a distinct feature of the GRN nfvPPA form.

Non-linguistic cognitive deficits in the GRN-PPA groups 
were similar to the other groups, particularly the nfvPPA co-
hort and to a lesser extent the lvPPA cohort, with significant 
executive dysfunction and impaired category fluency. It may 
be that this deficit also contributed to the poor performance 

of the GRN-NOS group in the mCCT, which is known to 
have an executive component.40,41 However, there was 
also impairment in Digit Span Forwards in both GRN-PPA 
groups, particularly in the GRN-NOS group, potentially in-
dicative of more lateral parietal cortical deficits in these 
groups.42

Interestingly, the GRN-NOS group had lower scores for 
the FCSRT suggesting more episodic memory impairment 
in this group compared with GRN-NFV individuals and 
consistent with the finding of hippocampal atrophy in this 
cohort. Although not tested here, impairment of episodic 
memory is more common in lvPPA and not generally seen 
in nfvPPA and svPPA.43,44

Both GRN-PPA groups scored significantly worse than 
controls on the tests of social cognition, the Faux Pas test 
(testing theory of mind) and Facial Emotion Recognition 
Test. This is consistent with prior studies showing impaired 
social cognition in PPA.45–47

Patterns of atrophy in the sporadic PPA subtypes were as 
previously described.48,49 In previous studies of 
GRN-associated PPA, a highly asymmetrical left-sided pre-
dominant atrophy pattern has been described,1,50 with the 
insula being the first brain region to be affected, up to 15 
years prior to onset of symptomatic disease.51 However, in 
our study, we were able to separate out two groups 
(GRN-NFV and GRN-NOS). The pattern in the 
GRN-NFV group overlapped with that of the sporadic 
nfvPPA cohort, although with more posterior cortical in-
volvement of the lateral parietal cortex. In contrast, the 
GRN-NOS group was strikingly asymmetrical with involve-
ment of the insula and dorsolateral prefrontal cortex (similar 
to the GRN-NFV group) but also atrophy of the orbitofron-
tal cortex (in distinction to the other forms of PPA) and the 
medial temporal lobes (amygdala and hippocampus).

In summary, we have described a genetic nfvPPA group 
similar to sporadic nfvPPA with decreased fluency, impaired 
grammar/syntax and impaired articulation, but with relatively 
intact single word comprehension, along with an overlapping 
pattern of atrophy. The only distinctions in these syndromes 
were in the non-linguistic features, with delusions occurring 
only in the GRN group and more prominent motor features 
and atypical parkinsonian syndromes in the sporadic 
nfvPPA group. We have also described a GRN-NOS group, 
similar to what has been described previously as a mixed 
form of PPA, with linguistic features that are seen in each of 
the sporadic PPA syndromes but distinctively grammar/syn-
tax problems alongside relatively intact articulation. As with 
GRN-NFV, delusions are seen in a minority of individuals, 
but other behavioural and neuropsychiatric features are not 
particularly specific (although are more prominent than in 
lvPPA which this may be mistaken for clinically, particularly 
as there can be episodic memory impairment). The pattern 
of atrophy is also overlapping but with unique features includ-
ing involvement of the orbitofrontal cortex as well as the med-
ial temporal lobe.

We only found one patient with a C9orf72 mutation and 
one patient with a MAPT mutation who had a PPA 
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syndrome (Supplementary Table 1). C9orf72-associated 
PPA is very uncommon39 with a recent review finding only 
a small number of cases reported in the literature.9 The clin-
ical syndrome is usually nfvPPA but can also be svPPA or, 
like here, a PPA-NOS. Similarly, MAPT-associated PPA is 
also very uncommon. Whilst many people with a bvFTD 
syndrome have associated semantic deficits,52 it is rare for 
such an impairment to be the primary symptom, leading to 
a diagnosis of svPPA as seen here.

Limitations
Firstly, despite the large numbers overall compared with pre-
vious studies, when stratified, the numbers in the individual 
groups are small. Nonetheless, this work provides important 
evidence about the phenotype of GRN-related PPA which 
will need to be substantiated in future prospective cohort 
studies. Secondly, linguistic symptom data was limited to 
the 10 items of the PASS, and whilst this encompasses the 
majority of symptoms relevant to the canonical PPA syn-
dromes, it does not separate out single word and sentence 
repetition (with just a single ‘speech repetition’ item), which 
can be helpful in differentiating nfvPPA and lvPPA. 
Furthermore, we only had data from two linguistic neurop-
sychometric tests (BNT and mCCT). This is because the 
GENFI neuropsychology battery was designed to include 
mainly visual tasks due to the involvement of countries 
speaking eight different languages and the difficulty of trans-
lating and validating verbal tasks across those languages. In 
future studies it would be helpful to consider developing a 
multilanguage verbal linguistic battery to study cognitive 
deficits further in this cohort. Thirdly, we only had data on 
episodic memory and social cognition in the genetic groups 
which limited the comparison with the canonical groups. 
Lastly, we focused on cross-sectional differences, but longi-
tudinal analysis would be helpful in future studies to under-
stand the progression of disease with additional symptoms 
and also the presence of very early deficits, particularly in 
the prodromal genetic cohort.

In conclusion, we examined the presence of PPA syn-
dromes in the GENFI cohort and found that the language 
network was strikingly more vulnerable to GRN mutations 
than either C9orf72 or MAPT mutations. Two distinct 
PPA syndromes were found in association with GRN muta-
tions - those with nfvPPA, similar to sporadic nfvPPA, and 
those with a PPA-NOS, who had mixed features overlapping 
with the canonical sporadic disorders but, distinctively, im-
paired grammar/syntax in the presence of relatively intact ar-
ticulation. Better recognition of the phenotypic presentations 
of GRN-related PPA are likely to trigger earlier genetic test-
ing and in turn lead to improvements in management, includ-
ing allowing people to enter clinical trials for those with 
GRN mutations and family members to access genetic coun-
selling. We recommend that future iterations of the consen-
sus criteria for PPA encompass such information, with the 
suggestion of testing for a GRN mutation, particularly in 
those with such a phenotype. Future work will need to 

understand the earliest stages of these disorders and how 
they initially present in the prodromal period within the 
GENFI cohort, allowing us to better stage these disorders 
and identify people at a time when they can potentially 
most benefit within clinical trials.

Supplementary material
Supplementary material is available at Brain Communications 
online.
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