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Abstract Cognitive impairment is common in patients
with the neurodegenerative tauopathy progressive
supranuclear palsy (PSP). Although a pattern of ‘subcor-
tical’ cognitive impairment is considered prototypical in
PSP, pathological and clinical observations suggest an
overlap with frontotemporal dementia (FTD). Our objec-
tive was to evaluate behavioural and cognitive symptoms
in a retrospective study of patients with PSP syndrome
(PSPS) and their relationship to features seen in be-
havioural variant FTD. We reviewed the records of 62
patients (29 male, 33 female, median age 65.5 years)
evaluated at a tertiary cognitive clinic who met NINDS-
SPSP criteria for probable or possible PSP, and collected
clinical details of their presenting history, cognitive and
behavioural features. We also evaluated the proportion of
patients fulfilling FTD Consensus criteria. Cognitive and
behavioural symptoms were a predominant presenting
feature in 58 % of patients evaluated. Cognitive slowing,
executive impairments, and inefficient memory recall,
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consistent with ‘subcortical’ impairment, were identified in
the majority of patients. Twenty patients (32 %) fulfilled
cognitive and behavioural criteria for possible FTD at
initial assessment, whereas behavioural changes not
meeting formal diagnostic criteria were present in a greater
proportion of the patients. Our findings support the exis-
tence of a spectrum of cognitive-behavioural features in
PSPS, with significant clinical overlap with behavioural
variant FTD. Cognitive and behavioural profiling should be
an integral part of the assessment of patients with PSPS.

Keywords Progressive supranuclear palsy - Behavioural
disorder - Cognitive neuropsychology - Frontotemporal
dementia

Background

Progressive supranuclear palsy (PSP) is a neurodegen-
erative disorder characterised by vertical gaze palsy, early
postural instability with falls and cognitive decline [17,
28]. The pathological substrate of PSP includes tau-posi-
tive neurofibrillary tangles (NFTs), neuropil threads and
tufted astrocytes within the basal ganglia, midbrain struc-
tures and dentate nucleus [31]. The clinical spectrum of
PSP is wider than originally described, with several distinct
clinical subtypes now recognised [31]. Heterogeneity in the
severity and anatomical distribution of tau pathology ap-
pears to underlie these distinctions, with a greater tau
burden and more aggressive course in PSP-Richardson’s
syndrome compared to PSP-parkinsonism [30].

Cognitive impairment occurs in the majority of patients
with pathologically confirmed PSP [6]. Its profile is clas-
sically described as ‘subcortical’ in type, characterised by
prominent slowing, impaired mental manipulation and
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inefficient memory recall (as opposed to true amnesia with
loss of information over a delay) [2]. Consistent with this
concept, PSP patients have been reported to show pro-
longed initial thinking time on problem-solving tasks and
poor performance on timed verbal fluency tasks [24].
However, more recently cortical features, such as apraxia
and aphasia, have been documented in a proportion of
patients with PSP [13, 27]. Pathological data in several
studies suggest the development of dementia in PSP to be
more strongly linked to cortical than subcortical tau
pathology [5].

There is increasing evidence for a link between PSP and
behavioural variant frontotemporal dementia (bvFTD), a
neurodegenerative disorder characterised by impaired
regulation of conduct, loss of insight and emotional
blunting [21, 22]. Tau pathology is the underlying substrate
for bvFTD in around 40 % of cases, suggesting a potential
clinical overlap with PSP and other tauopathies such as
corticobasal degeneration (CBD) [14]. Behavioural symp-
toms seen in bvFTD, such as apathy and disinhibition,
occur more prominently in patients with PSP compared to
Alzheimer’s and Parkinson’s disease [1, 19]. A large cross-
sectional study reported a predominantly cognitive—be-
havioural, as opposed to motor, presentation in 20 % of
patients with PSP [9]. These findings suggest a spectrum of
cognitive—behavioural disturbance in PSP overlapping with
that seen in bvFTD. Recent consensus diagnostic criteria
for bvFTD are reported to show good sensitivity and
specificity [11, 22]. However, to what extent patients with
PSP might fulfill behavioural and cognitive criteria for
bvFTD is unclear.

In this retrospective study, we aimed to evaluate the link
between the clinical PSP syndrome (PSPS) and bvFTD.
We predicted a spectrum of cognitive—behavioural im-
pairment in patients with clinically diagnosed PSP, ranging
from mild or no cognitive impairment to marked be-
havioural and executive impairments fulfilling bvFTD
consensus (FTDC) criteria. We also aimed to assess dif-
ferences between patients presenting with predominantly
cognitive-behavioural features compared to those with
more typical presentations of PSP.

Methods
Participants

We performed a retrospective review of data acquired in
the course of clinical care of patients seen in the Cerebral
Function Unit, a tertiary cognitive clinic, at Greater
Manchester Neurosciences Centre, UK. Patients were
considered for inclusion in the study if they had a clinical
diagnosis of PSP recorded at some time during the disease

course, and met NINDS-SPSP criteria for possible or
probable PSP [17] at some stage during their clinical fol-
low-up in the unit. We did not apply the exclusion criterion
of ‘lobar atrophy’ on imaging given the possible overlap
with diagnostic features of bvFTD.

In total, 110 patients with a clinical diagnosis of PSP
were identified. Of these, clinical records were unavailable
in 9, there was insufficient information on clinical features
in 20, and a more likely alternative diagnosis in 19 cases.
The records of 62 patients (29 male, 33 female) meeting
NINDS-SPSP criteria were further analysed. To provide
additional information on diagnostic certainty, the NNIPPS
criteria for PSP were retrospectively applied to all patients
[4]. A pathological diagnosis was available in seven pa-
tients: six had confirmed PSP, whilst one had findings of
PSP-CBD overlap pathology. Brains were obtained fol-
lowing ethical approval and pre-mortem informed written
consent from the patient, or advice from a consultee
(usually the next of kin) for patients lacking capacity as per
the Mental Capacity Act 2005.

Data collection and definitions

Data were drawn from the clinical notes that included a
semi-structured cognitive history, taken both from the pa-
tient and an informant, physical and neurological ex-
amination, neuropsychological testing and reports from
neuroimaging investigations. Demographic characteristics
and information on presenting complaint and behavioural
features at the time of presentation were recorded. The
presenting complaint was defined as ‘cognitive-be-
havioural” when no more than one other physical symptom
occurred at presentation as described in a previous study
[9]. Motor disability was quantified by the Hoehn and Yahr
score. Data not explicitly mentioned in the case notes were
coded as ‘missing’ as indicated in the tables below.
Neuropsychological assessment was carried out using
the Manchester Neuropsychological Profile [29], which has
been found to be valuable in distinguishing forms of de-
mentia [25]. Memory was assessed as ‘inefficient” when
recall, though impaired, could be improved with cueing
without loss of information over a delay; an ‘amnesic’
picture was recorded when marked loss over a delay was
present. Executive dysfunction was defined on the basis of
impairment on tests of verbal fluency, set shifting and se-
quencing. The presence of disorientation, word-finding
difficulties, impaired sentence comprehension and percep-
tuospatial impairment (assessed by line drawing, identifi-
cation of faces, and a visual object and perception battery),
as documented in the neuropsychological assessment re-
port, was recorded [29]. Praxis was assessed as slowed (i.e.,
predominantly motor impairment) or impaired (i.e., inac-
curate or spatially degraded) by performance of limb
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actions and non-representational hand postures. Cognitive
domains were recorded as ‘impaired’ or ‘preserved’ on the
basis of the neuropsychologists’ conclusions in their clinical
neuropsychological reports, and were, therefore, indepen-
dent and unbiased by presumptions associated with the
present study. Impairment was determined by performance
below the 5th percentile, based on published norms where
available, or outside the normal range of performance
shown by age-matched healthy controls.

To investigate the overlap between PSPS and bvFTD,
cognitive and behavioural FTDC criteria were applied
based on the clinical information available for each patient
at presentation [22]. This analysis was performed by a
specialist movement disorder neurologist with training in
cognitive neurology (C.K.), who was not involved in the
initial clinical or neuropsychological assessment of pa-
tients. Patients were classified as ‘possible bvFTD’ if they
showed evidence of three or more cognitive—behavioural
features. As imaging data were not available for all pa-
tients, and were not used in the PSP diagnosis, we did not
apply the criteria for ‘probable bvFTD’ which are mainly
based on the presence of characteristic imaging findings.

Statistical analysis

Statistical analysis was performed using SPSS 20 (IBM
Software). Demographic characteristics of patients with
different presenting symptoms were compared using stu-
dent’s ¢ test or Mann—Whitney U test according to nor-
mality of distribution of variables. Categorical data were
compared using a Chi-squared test. A significance level of
P < 0.05 was used for all analyses with Bonferroni cor-
rection for multiple comparisons.

Results

Patient demographics and background clinical
information

The median age of patients at initial evaluation was
65.5 years (range 48-78), with a median disease duration
of 2.25 years (0.5-10). The median MMSE score was 25
(range 11-29). Median Hoehn and Yahr score at initial
assessment was 3.0 (range 2.0-5.0).

Modes of presentation of patients with PSPS

Cognitive-behavioural symptoms were a predominant
feature at presentation in 36 patients (58 %), and were the
exclusive presenting complaint in 17 (27 %). Behavioural
or personality change was the most common presenting
feature in this group (n = 18). Falls or gait disorder
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(n = 20) and other motor features were the predominant
presenting feature in patients with a non-cognitive—be-
havioural presentation. There was no significant difference
in median age in patients with a cognitive—behavioural vs.
motor presentation (64.0 vs. 69.5 years, P > 0.05). How-
ever, those with a cognitive—behavioural presentation were
assessed at a shorter median disease duration of 2.0 years
(range 0.5-8) vs. 4.0 (1-10) (P < 0.05) at first evaluation
compared to those presenting with mainly motor features.
There were no significant differences between these two
groups in MMSE score, digit span, verbal fluency or per-
formance on Weigl’s block tests (P > 0.05). There was no
significant difference between the two groups in proportion
of patients with probable or possible PSP.

Cognitive features at initial assessment

The cognitive features at initial assessment are summarised
in Table 1. Findings compatible with ‘subcortical’ impair-
ment, such as cognitive slowing and executive impairment,
were present in the majority of patients. Inefficient memory
recall was a common finding, but few patients showed
features of true amnesia. Whilst word finding was impaired
in around 30 % of patients, comprehension was relatively
preserved. Whereas slowing of movements was common,
true impairment of praxis was uncommonly seen. There was
no significant difference in the proportion of patients with
motor vs. cognitive—behavioural presentations of PSPS
showing impairment in the domains listed above, including
praxis (P > 0.05 in all cases).

Behavioural overlap with FTD

Thirty-two (52 %) patients displayed more than one early
cognitive—behavioural abnormality as defined in the FTDC

Table 1 Proportion of patients with clinically diagnosed progressive
supranuclear palsy exhibiting impairment in different neuropsycho-
logical domains at initial assessment

50/62 (81 %)
39/61 (64 %)

Executive dysfunction
Cognitive slowing

Memory
Inefficient 31/56 (55 %)
Amnesic 5/56 (9 %)

Limb praxis

Slow 20/56 (36 %)
Impaired 5/56 (9 %)
Language

19/60 (33 %)
5/60 (8 %)

13/60 (22 %)
10/57 (17 %)

Impaired word finding

Impaired sentence comprehension
Impaired orientation
Perceptuospatial impairment
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criteria [22]. The variation in number of early behavioural
symptoms is illustrated in Fig. 1. Apathy was present in
50 % of patients, whilst other behavioural features such as
disinhibition, perseverative behaviours and hyperorality
occurred less commonly (Table 2). Twenty patients (32 %)
fulfilled diagnostic criteria for possible bvFTD, with three
or more clinical criteria, including executive dysfunction in
13 cases. All but five of these met NINDS—SPSP criteria
for probable or possible PSP at presentation, whilst all met
PSP criteria during their disease course. Of the seven pa-
tients with pathologically confirmed PSP, two met clinical
FTDC criteria; three others with a cognitive—behavioural
presentation did not fulfill the criteria. The proportion of
patients meeting the varying criteria for PSP and bvFTD
during their disease course is summarised in Fig. 2.

Behavioural impairment not meeting the formal FTDC
definition of ‘early’ (within 3 years of presentation) was
noted at initial assessment in a proportion of patients; for
example, apathy was present in an additional eight cases at
initial assessment. Lack of insight, whilst not a formal
FTDC criterion, was common, recorded in 35 of 57 pa-
tients (61 %). Follow-up data on behavioural features were
available for 28 patients, for a median duration of 1.8 years
(range 0.3-6.4). During this time, additional behavioural
features were reported in 12 patients, six of whom had
initially met criteria for bvFTD. The development of apa-
thy (5 cases) and perseverative symptoms (5) were most
common.

Discussion

Our findings in a clinically diagnosed series of patients
with PSPS suggest that cognitive or behavioural features

25 =
threshold for
possible FTD
20 4 diagnosis

Number of patients

0 1 2 3 4 5 6
Number of cognitive/lbehavioural features

Fig. 1 Frequency of cognitive—behavioural features as defined by
consensus diagnostic criteria for behavioural variant frontotemporal
dementia in patients with progressive supranuclear palsy

are common and may occur as the predominant feature at
presentation. We observed a spectrum of impairment
ranging from mild cognitive symptoms to fulfillment of
clinical diagnostic criteria for bvFTD.

Cognitive and behavioural presentation in PSPS

We identified cognitive slowing, inefficient memory recall
and executive dysfunction in the majority of our cohort,
consistent with a degree of ‘subcortical’ impairment.
Prominent behavioural features were also seen in a sig-
nificant number; moreover, cognitive—behavioural symp-
toms were the presenting feature in almost two-thirds of
patients. This is similar to findings from a large prospective
study of over 300 patients with PSP, of whom 80 % were
cognitively impaired, with two or more domains affected in
40 % [6]. The most frequent and marked impairments were
in the domains of initiation and perseveration, including
verbal fluency, and memory [6]; however, that study did
not address behavioural change. The demographic char-
acteristics of patients in that study were comparable to
those reported here. In a further large cross-sectional study
of patients with PSP, those presenting with cognitive—be-
havioural symptoms were younger, with a longer latency to
diagnosis, but their overall disease course did not differ
from those presenting with mainly motor features [9]. The
mean disease duration (5.4 years) and motor severity of
those patients were higher than reported here. In this pre-
vious study, the diagnosis of bvFTD had initially been
considered in around 30 % of patients with cognitive—be-
havioural presentations of PSP [9], although the precise
symptomatology of the patients was also not addressed in
detail. We did not observe significant differences in de-
mographics or cognitive profile between patients with
motor vs. cognitive—behavioural onset, although those with
cognitive-behavioural presentations were assessed at a
shorter disease duration.

The cognitive profile of patients with PSP has been
encapsulated by the concept of the ‘subcortical syndrome’,
in which prominent slowing and inefficient recall are em-
phasised, although behavioural features other than apathy
were not noted [2]. Our work suggests significant be-
havioural impairment in a substantial proportion of patients
with clinically diagnosed PSPS at a relatively early stage in
the disease course, at a frequency consistent with previous
reports. Litvan and colleagues reported a study using the
neuropsychiatric inventory (NPI) in 22 patients with PSP
with disease duration of 4.5 years; moderate to severe
apathy, more severe than in Alzheimer’s disease, was seen
in 80 % of patients whilst disinhibition was evident in
36 % [19]. Similarly, PSP patients exhibit greater apathy
and disinhibition scores on the NPI compared to those with
Parkinson’s disease [1]. Our work adds to these studies by
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Table 2 Proportion of patients Behavioural criteria

Present (%)

with a clinical diagnosis of
progressive supranuclear palsy
meeting consensus criteria [22]
for possible behavioural variant
frontotemporal dementia

Possible bvFTD criteria

Progressive deterioration

Early apathy

Early perseverative, stereotyped behaviour

Early loss of empathy
‘Early’ denotes occurrence of
symptoms within the first
3 years of the disease course

Early disinhibition
Hyperorality, dietary change

Executive deficits with relative sparing of memory and visuospatial functions

62/62 (100 %)
50/62 (81 %)
28/56 (50 %)
15/54 (28 %)
12/55 (22 %)
12/56 (21 %)
10/53 (19 %)

NINDS-SPSP criteria

v v !

| Possible n=30 | | Probable n=25 | | Definite n=7 |

¥ v ¥

NNIPPS criteria

v v v

Yes n=20 Yes n=24 Yes n=6
No n=10 No n=1 No n=1
FTDC criteria
Possible n=14 Possible n=4 Possible n=2

Fig. 2 Proportion of patients fulfilling NNIPPS PSP criteria and
bvFTD consensus criteria, stratified by their eventual NINDS-SPSP
diagnostic category

providing useful insight into early symptomatology not
afforded from studies in which the disease duration at
assessment was typically longer and reflective of more
advanced patients [9, 19].

Methodological considerations

One of the principal limitations of our study is the absence
of pathological confirmation in all cases studied. We,
therefore, cannot exclude diagnostic uncertainty. The clin-
ical syndrome of PSP has good predictive value for un-
derlying tau pathology as opposed to other, non-tau FTLD
pathological entities, although the possibility of CBD
pathology cannot be excluded [15]. Other coexistent
pathology may also have influenced the cognitive—be-
havioural presentation. The NINDS-SPSP criteria have
been shown to have 93-99 and 100 % specificity for ‘pos-
sible’ and ‘probable’ PSP, respectively, in two clinico-
pathological studies [18, 20]. We acknowledge, however,
that these findings have yet to be validated in larger studies,
and that more recent work has suggested a lower specificity
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of these criteria [23]. Whereas twelve patients (one subse-
quently pathologically confirmed) in our series did not meet
the NNIPPS criteria, in eight cases this was due to the
disease duration longer than 8 years rather than atypical
clinical features. We, therefore, feel that the overall validity
of our study is not compromised by the use of the NINDS—
SPSP criteria despite the lack of pathological confirmation
in all cases. Given the documented patterns of cortical at-
rophy and hypometabolism seen in PSP, and the potential
overlap with bvFTD, we did not apply the criterion of at-
rophy seen on imaging to our patient cohort, and to ensure
consistency did not apply the imaging criteria to the bvFTD
criteria either.

There is also a possibility of selection bias, in that pa-
tients with cognitive complaints early in their disease
course are likely to have been disproportionately referred
given our specialist interest. This may also account for the
shorter disease duration observed in the ‘cognitive—be-
havioural’ group and lead to overestimation of the pro-
portion of patients presenting with cognitive and
behavioural problems. However, this also represents a
relative strength of the study, in that cognitive and be-
havioural problems were explored in detail, as compared to
other studies in PSP in which the movement disorder may
have been the main focus of investigation. The fact that this
was not a prospective study means that the data collected
were not identical for all patients; however, the use of a
standardised template for collection of historical and neu-
ropsychological data should help to mitigate against this
limitation. More prospective data on the evolution of
cognitive and behavioural changes from unselected
populations of patients with PSPS would help to clarify the
true prevalence of these symptoms.

Clinical overlap between PSPS and bvFTD

Recent work analysing the FTDC criteria excluded patients
with PSPS for methodological reasons, but noted the im-
portance of examining to what extent patients with PSPS
might fulfill criteria for bvFTD [11]. Our findings suggest a
spectrum of early behavioural disturbance in PSP
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significantly overlapping with bvFTD, as evidenced by the
fact that over 30 % of our cohort met clinical criteria for
possible bvFTD and a further significant proportion ex-
hibited bvFTD-like behavioural characteristics, albeit in-
sufficient to formally satisfy these criteria. Our findings
contrast with a comparative study, which suggested that
behavioural features other than apathy are rare in PSP
compared to bvFTD; however, the behavioural features
assessed were not identical to those in the current study [3].
Significant overlap between PSP and bvFTD in other
neuropsychological domains, such as emotion recognition,
has also been identified [10]. Our findings suggest that the
behavioural changes seen in PSP are not simply an inevi-
table consequence of disease progression, but support the
existence of a ‘PSP-FTD’ subtype, as recently proposed
[8]. The percentage of patients exhibiting cognitive im-
pairment did not differ in those with cognitive—behavioural
vs. motor presentations. The study did not compare de-
tailed quantitative and qualitative characteristics of per-
formance in the two subgroups, so inferences are
necessarily limited. Nevertheless, the finding highlights the
fact that a degree of cognitive impairment may reasonably
be considered an integral part of PSP whereas frank
‘frontal’ behavioural change may be limited to a subgroup
of patients. Further prospective longitudinal research in
patients with PSPS would help to determine the relative
weighting of cognitive and behavioural features and their
underlying substrates. The available longitudinal data
suggest that behavioural disturbance may evolve over time
in patients with PSPS, indicating the importance of
prospective longitudinal studies better to characterise the
evolution of these changes. Limited longitudinal data on
cognitive dysfunction in PSP suggest a more rapid rate of
deterioration compared to other parkinsonian syndromes,
possibly predicated on greater rates of atrophy in frontal
and subcortical structures [26]. A better knowledge of the
behavioural progression of PSP would aid in identifying
strategies to manage such disturbances.
Clinicopathological studies indicate that 4-repeat (4R)
tauopathies such as PSP and CBD are the underlying
pathological substrate in a proportion of patients with
bvFTD [15]. Patients with bvFTD and confirmed 4R
tauopathies exhibit significantly greater apathy compared
to 3R tauopathies such as Pick’s disease, as well as im-
paired planning and judgment, a finding that is thought to
reflect a greater tau burden in the basal ganglia in 4R vs. 3R
tauopathies [12]. It has been demonstrated that cortical
pathological tau burden is higher in PSP patients with
cognitive and behavioural changes [5], whereas patients
with the PSP-parkinsonism phenotype exhibit considerably
lower tau burden compared to ‘classical’ PSP [30]. Whilst
we did not have sufficient pathological data to confirm a
greater frontal tau burden in our patients fulfilling criteria

for FID, it is likely that differential distribution of
pathology underlies to some extent the varied presentations
seen here. Behavioural features, particularly apathy, have
been linked to frontal and putaminal atrophy in imaging
studies of PSP [16]. A common area of midcingulate hy-
poperfusion is reported in an [**Tc]-HMPAO SPECT study
of patients with PSP and tau-positive FTD [7], and taken
together these results suggest a common structural and
functional substrate for the overlaps in cognitive and be-
havioural symptoms of PSP and bvFTD.

In conclusion, our findings support the concept of a
spectrum of cognitive—behavioural disturbance in PSPS
significantly overlapping with that seen in bvFTD. Cogni-
tive and behavioural profiling should be an integral com-
ponent of clinical assessment of patients with suspected
PSP. Prospective longitudinal studies with pathological
confirmation would improve our understanding of the
evolution of these disabling symptoms in the time course of
the disease.
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