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The clinical presentation of corticobasal degeneration is diverse, while the background pathology of corticobasal syndrome is also hetero
geneous. Therefore, predicting the pathological background of corticobasal syndrome is extremely difficult. Herein, we investigated the 
clinical findings and course in patients with pathologically, genetically and biochemically verified corticobasal degeneration and corticoba
sal syndrome with background pathology to determine findings suggestive of background disorder. Thirty-two patients were identified as 
having corticobasal degeneration. The median intervals from the initial symptoms to the onset of key milestones were as follows: gait dis
turbance, 0.0 year; behavioural changes, 1.0 year; falls, 2.0 years; cognitive impairment, 2.0 years; speech impairment, 2.5 years; supra
nuclear gaze palsy, 3.0 years; urinary incontinence, 3.0 years; and dysphagia, 5.0 years. The median survival time was 7.0 years; 50% 
of corticobasal degeneration was diagnosed as corticobasal degeneration/corticobasal syndrome at the final presentation. Background 
pathologies of corticobasal syndrome (n = 48) included corticobasal degeneration (33.3%), progressive supranuclear palsy (29.2%) and 
Alzheimer’s disease (12.5%). The common course of corticobasal syndrome was initial gait disturbance and early fall. In addition, corti
cobasal degeneration–corticobasal syndrome manifested behavioural change (2.5 years) and cognitive impairment (3.0 years), as the pa
tient with progressive supranuclear palsy–corticobasal syndrome developed speech impairment (1.0 years) and supranuclear gaze palsy 
(6.0 years). The Alzheimer’s disease–corticobasal syndrome patients showed cognitive impairment (1.0 years). The frequency of frozen 
gait at onset was higher in the corticobasal degeneration–corticobasal syndrome group than in the progressive supranuclear palsy–corti
cobasal syndrome group [P = 0.005, odds ratio (95% confidence interval): 31.67 (1.46–685.34)]. Dysarthria at presentation was higher 
in progressive supranuclear palsy–corticobasal syndrome than in corticobasal degeneration–corticobasal syndrome [P = 0.047, 6.75 
(1.16–39.20)]. Pyramidal sign at presentation and personality change during the entire course were higher in Alzheimer’s disease– 
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corticobasal syndrome than in progressive supranuclear palsy–corticobasal syndrome [P = 0.011, 27.44 (1.25–601.61), and P = 0.013, 
40.00 (1.98–807.14), respectively]. In corticobasal syndrome, decision tree analysis revealed that ‘freezing at onset’ or ‘no dysarthria at 
presentation and age at onset under 66 years in the case without freezing at onset’ predicted corticobasal degeneration pathology with a 
sensitivity of 81.3% and specificity of 84.4%. ‘Dysarthria at presentation and age at onset over 61 years’ suggested progressive supranuclear 
palsy pathology, and ‘pyramidal sign at presentation and personality change during the entire course’ implied Alzheimer’s disease path
ology. In conclusion, frozen gait at onset, dysarthria, personality change and pyramidal signs may be useful clinical signs for predicting 
background pathologies in corticobasal syndrome.
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Graphical Abstract

Introduction
Corticobasal degeneration (CBD) is a rare neurodegenerative 
disorder characterized by neuronal loss and the predomin
ance of hyperphosphorylated 4-repeat (4R) tau deposition 

in various brain regions.1–4 Recently, the 3D structure of tau fi
laments of CBD was identified using cryo-electron microscopic 
analysis.5 The protofilament structure in CBD is distinct from 
other 4R tauopathies, such as progressive supranuclear palsy 
(PSP). Corticobasal syndrome (CBS) is the classic phenotype 
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of CBD, presenting with asymmetric apraxia, rigidity, dystonia, 
myoclonus, cortical sensory loss and alien limb.1,6,7 However, 
CBD can manifest in several clinical syndromes, including PSP 
syndrome (PSPS),8–12 frontal behavioural–spatial syndrome 
(FBS),8–13 non-fluent/agrammatic variant of primary progres
sive aphasia (naPPA)8–10 and Alzheimer’s-like demen
tia.8,9,12,13 Conversely, pathological backgrounds of CBS are 
broad.9,10,14–23 The most frequent cause of CBS is 
CBD,7,10,15,18–22,24,25 followed by Alzheimer’s disease 
(AD),7,11,14,15,18–20,26–29 PSP7,10,11,15,18–20,23 and many other 
diseases. CBD and PSP are both 4R tauopathies and have sub
stantial overlap that will likely preclude differentiating of the 
two, clinically, in some cases. Therefore, the rate of correct 
diagnosis of CBD in daily life is extremely low.8,9,13,19

Several diagnostic criteria have been proposed.7,30–35 In 
2013, Armstrong et al. proposed new clinical diagnostic cri
teria for CBD (Armstrong’s criteria),9 which according to a 
subsequent validation study did not have very high sensitiv
ity and had low specificity.14,17 However, these articles14,17

failed to consider the exclusion criteria (e.g. AD biomarkers) 
when assessing the CBD criteria.36 Previous studies have re
vealed some clinical findings suggestive of non-CBD path
ology in CBS.27,37,38 On the other hand, no clinical signs 
suggesting CBD pathology in CBS have been reported.14,17

It is unknown whether the course of CBS differs according 
to the background pathology. Hence, detecting CBD path
ology in CBS is extremely challenging.

Therefore, we analysed the clinical findings and course 
of pathologically confirmed CBD and CBS to determine 
whether the clinical signs and course suggestive of CBD path
ology can be detected in CBS.

Materials and methods
Identification of patients
We conducted a Japanese validation study of the consensus 
criteria for CBD diagnosis (J-VAC study) within the frame
work of the Research Committee of CNS Degenerative 
Diseases, Research on Policy Planning and Evaluation for 
Rare and Intractable Diseases, Health, Labour, and 
Welfare Sciences Research Grants, the Ministry of Health, 
Labour and Welfare, Japan. The J-VAC study is a retrospect
ive study of a pathology cohort. Forty-eight centres were in
volved in this study including 15 pathological centres and 32 
clinical facilities. Most of the centres in the J-VAC study were 
facilities with a background in movement disorders, wherein 
neurology specialists made the clinical diagnosis. The 
pathological diagnosis data by neuropathologists at each in
stitution between 1996 and 2018 were retrieved. The neuro
pathologists at each institution pathologically diagnosed 
patients with CBD using frozen tissues, and those with a clin
ical diagnosis of CBD or CBS, but without CBD pathology, 
as per Alexander et al.’s14 validation study of Armstrong’s 
criteria, termed ‘CBD mimics’. The pathological centres re
quested the clinical facility to fill out a clinical information 

chart for the pathologically diagnosed patients. Patients 
with insufficient clinical data were excluded from this study. 
Informed consent was obtained from the patients as an opt- 
out on the website. The study was approved by the Ethics 
Committee of the National Hospital Organization 
Higashinagoya National Hospital (#27-8), and each institute 
was in accordance with the Declaration of Helsinki.

Evaluation of patients with 
pathological diagnosis of CBD
Pathological analysis
To standardize the pathological diagnosis and elucidate the 
pathological features of Japanese patients with CBD, the 
pathological findings were retrospectively reviewed by an in
dependent group of neuropathologists (T.K., Y.S., K.W. and 
M.Y.) supported by the Brain Bank Committee of the 
Japanese Society of Neuropathology.

Formalin-fixed, paraffin-embedded glass slide specimens 
were collected using haematoxylin–eosin, Klüver–Barrera, 
Gallyas–Braak (G-B) silver methods, phosphorylated tau 
(AT8) and amyloid β protein immunohistochemistry.

These specimens were sent to neuropathologists and re
viewed independently, blinded to clinical information, while 
filling out a pathological diagnostic datasheet (Supplementary 
Table 1). The pathologic diagnostic datasheet was based on 
the neuropathologic criteria for CBD, as proposed by 
Dickson et al.2 Finally, we discussed whether the neuropatho
logical diagnosis is relevant to CBD along with other additional 
pathological aspects in all cases.

Genetic analysis
Genomic DNA was extracted from frozen brain tissues using 
a standard procedure. Mutational analysis was performed 
by sequencing both strands of all polymerase chain 
reaction-amplified coding exons and flanking the intronic 
sequences of MAPT, as previously reported.39

Biochemical analysis
Biochemical analysis of the tau from either the frontal or 
temporal lobe cortex accumulated in the brains of patients 
was conducted by investigating the banding pattern of 
C-terminal fragments of tau on the immunoblot with anti- 
tau antibodies, as previously reported.40 Sarkosyl insoluble 
tau was prepared from ∼0.5 g frozen tissues essentially, as 
has been previously described.41,42

Clinical data collection and analysis of 
patients with CBD pathology
Clinical evaluations were performed on patients with patho
logically, genetically and biochemically verified CBD during 
the central review, and each patient’s clinical information 
was retrospectively analysed. The evaluation items included 
initial signs and symptoms, major CBD signs and symptoms 
(at the time of examination and during the entire clinical 
course) based on the definitions of Armstrong’s criteria9
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and some relevant diagnostic criteria.30,43,44 When data 
were abstracted, items were considered as present or absent 
only if described.

We analysed the intervals between the initial symptoms 
and key clinical milestones. Clinical features observed in 
more than half of the patients were selected as key mile
stones. We also examined whether the course differed ac
cording to the clinical type.

Evaluation of patients with clinical 
diagnosis of CBD or CBS without 
CBD pathology (CBD mimics)
Clinical data collection and analysis
In patients with CBD mimics, clinical evaluation was further 
performed using the same items as those with pathologically 
verified CBD. Moreover, these patients had met the Mayo 
Clinic7 or the Cambridge35 diagnostic criteria for CBS.

Comparison analysis between CBD and CBD mimics
We compared the frequency of clinical symptoms and signs 
of CBD with those of CBD mimics to identify the former at 
three clinical points in their clinical course: at onset, at pres
entation or during the entire course. In addition, we com
pared the interval from the initial symptoms to the key 
milestones between CBD and CBD mimics.

Evaluation of patients with CBS
Background pathology of CBS
We defined CBS as patients whose final clinical diagnosis was 
CBD or CBS. We analysed the background pathology of pa
tients with CBS, including CBD–CBS (patients with CBD 
pathology with a clinical diagnosis of CBS or CBD) and 
CBD mimics and their clinical information.

Comparison analysis among CBD–CBS, PSP–CBS 
and AD–CBS
We compared the frequency of symptoms and signs of CBD– 
CBS with those of PSP–CBS or AD–CBS (AD pathology with 
a clinical diagnosis of CBS) at onset, presentation or during 
the entire course. Moreover, we compared the interval 
from the initial symptoms to the key milestones of CBD– 
CBS with those of PSP–CBS or AD–CBS.

A decision tree analysis was performed using the classifica
tion and regression tree method with CBD, PSP and AD as 
the dependent variables and sex, age at onset and significant 
findings as the independent variables; cross-validation was 
further performed.

Statistical analysis
Statistical analysis was performed using SPSS software ver
sion 22 (IBM, Inc., Armonk, NY, USA). Data were assessed 
using Fisher’s exact test and odds ratio [OR; 95% confidence 
interval (95% CI)] to compare the frequency of symptoms 
and signs. Survival was calculated using Kaplan–Meier 

analysis, and the log-rank test was used for comparisons. 
P < 0.05 was considered statistically significant.

Results
Patients with pathological diagnosis 
of CBD
Confirmation of CBD
Thirty-seven patients with CBD pathology diagnosed by a 
neuropathologist at each institution were enrolled in our 
study (Fig. 1A). After central pathological, genetic and bio
chemical verification of the 37 patients, a consensus meeting 
for the J-VAC study was held online in September 2020. 
Finally, we identified genetic, biochemical and pathological
ly diagnosed CBD.

The results of pathological, genetic and biochemical ana
lyses are shown in Supplementary Table 2. The essential 
pathological changes in the CBD were cortical and subcortical 
tau pathologies. The pathological hallmarks were numerous 
with the widespread distribution of threads and presence of 
astrocytic plaques, which were both positive for G–B silver 
staining and phosphorylated tau immunohistochemistry. 
Astrocytic plaques are important disease-specific structures, 
and we confirmed typical and sufficient astrocytic plaques in 
all cases. The density of astrocytic plaques was relatively de
creased in severe degenerative cortical areas with long disease 
duration. Ballooned neurons (BN) are essential to CBD but 
not specific to CBD. The frequency of BN was variable 
(Supplementary Fig. 1).

Five patients were excluded: two with PSP pathological 
changes (Patient nos. 1 and 25), one with atypical 4R tau 
pathology and Lewy body pathology (Patient no. 30), one 
with extremely minimal pathological changes such as CBD 
(Patient no. 5) and one with MAPT mutation (Patient no. 
27; Supplementary Table 2). Finally, we agree that the 
pathological diagnosis of CBD was appropriate for the pre
sent study in 32 patients.

Clinical features of patients with CBD 
pathology (CBD)
Demographic data
The CBD patients were 16 men and 16 women. The mean age 
at onset was 65.4 years; mean duration from symptom onset 
to presentation was 3.4 years; and mean age at death was 73.0 
years (Table 1). None of the patients had any family history.

Initial symptoms and signs in CBD
The most frequent initial sign of CBD was gait disturbance 
(74%), followed by bradykinesia (64%). Clumsy limbs, falls 
and amnesia were the next most frequent symptoms, but 
these were less than half. In terms of the type of gait disturb
ance, slow gait was the most common (57%), followed by 
unstable gait (48%), frozen gait (39%) and short-step gait 
(36%; Supplementary Table 3).
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Frequency of clinical signs and 
symptoms in CBD
Motor features
Supplementary Table 4 shows the frequency of the clinical 
features in patients with CBD. The most common motor fea
tures were limb rigidity or bradykinesia (87%), followed by 
gait disturbance (80%) and postural instability or falls 

(65%). These findings had increased by the death of >90% 
of patients with CBD. Regarding the gait disorders, slow 
and unstable gait was observed around in 60% at presenta
tion and >90% during the entire course. A frozen gait was 
observed in more than half of their lives. However, only 
42% had dystonia and 25% had myoclonus during the entire 
course, in terms of asymmetric presentation, 65% of CBD 
had asymmetric limb rigidity or bradykinesia, 31% had 

Figure 1 Analytic flow and background pathology in CBS. (A) Analytic flow for CBD and CBD mimics. CBD–PSPS, corticobasal 
degeneration (CBD) presented progressive supranuclear palsy (PSP) syndrome; CBD–CBS, CBD presented corticobasal syndrome (CBS); PSP– 
CBS, PSP presented CBS; AD–CBS, Alzheimer’s disease (AD) presented CBS. (B) The background pathology of CBS. CBS, corticobasal syndrome; 
CBD, corticobasal degeneration; PSP, progressive supranuclear palsy; FTLD-TDP, frontotemporal dementia (FTLD) with TDP-43 pathology; DLB, 
dementia with Lewy bodies; GGT, globular glial tauopathy. The background pathology of CBS includes various tauopathies. CBD was most 
common, followed by PSP, AD FTLD-TDP, DLB, and GGT. Others included FTLD fused in sarcoma (FUS) (n = 1), glioblastoma (n = 1), Pick’s 
disease (n = 1), prion disease (n = 1) and non-specific pathological changes (n = 1).
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asymmetric dystonia and 14% had asymmetric myoclonus 
(Supplementary Table 4).

Higher cortical features
The most common higher cortical feature was cognitive im
pairment (90%), followed by executive dysfunction (84%). 
Behavioural changes were also observed in more than half 
of the entire course. Limb apraxia was only observed in 
29% of CBD at presentation and in less than half (48%) of 
their lives. Cortical sensory loss (21%) and alien limb signs 
(7%) were uncommonly observed. Asymmetric presenta
tions were infrequent (Supplementary Table 4).

Other features
Among other features, urinary incontinence was observed in 
over 80% and supranuclear gaze palsy or decreased velocity 
of vertical saccades in over 60% of patients with CBD during 
the entire course. Speech and language impairments were 
also observed in 75%; dysarthria was the most frequent fea
ture (Supplementary Table 4).

Clinical diagnosis in CBD
At the initial presentation, 22% of CBD were diagnosed as 
CBD or CBS and 50% at the final presentation. The second 
most common clinical diagnosis was PSP (19% at initial 
presentation and 25% at the final presentation, respectively); 
13% of CBD were diagnosed with Alzheimer’s disease at the 
initial presentation and 9% at the final presentation. Patients 
who were given a diagnosis of dementia, including AD, fron
totemporal dementia (FTD), dementia with Lewy bodies 
(DLB) and Pick’s disease were 31% at initial diagnosis and 
22% at the final diagnosis (Supplementary Table 5).

The most common clinical department for treatment was 
neurology at the initial stage (78%) and at the end stage 
(91%).

Interval from the initial symptoms to 
a key milestone in CBD
The median intervals from the initial symptoms to the onset 
of key milestones were as follows: gait disturbance, 0.0 
years; behavioural changes, 1.0 years; falls, 2.0 years; cogni
tive impairment, 2.0 years; speech impairment, 2.5 years; 

supranuclear gaze palsy, 3.0 years; urinary incontinence, 
3.0 years; walking with assistance, 4.0 years; dysphagia, 
5.0 years; and a bedridden state, 5.0 years (Fig. 2A).

We divided the patients into three subclinical types de
pending on the final clinical diagnosis (CBD–CBS: the final 
clinical diagnosis was CBS or CBD; CBD–PSPS: the diagnosis 
was PSP; and CBD–dementia: the diagnosis was AD or FTD, 
respectively). Behavioural changes, speech impairment, urin
ary incontinence and dysphagia tended to appear earlier in 
patients with CBD–PSPS than in those with CBS. In CBD–de
mentia, cognitive and speech impairments appeared earlier 
than in CBS and PSPS (Fig. 2B–D).

Survival and cause of death in CBD
The Kaplan–Meier survival curve for CBD is shown in 
Supplementary Fig. 2A. The median survival time was 7.0 
years. Age at onset, any symptoms at onset and clinical phe
notypes were not related to the survival time. In women, the 
survival time was significantly longer than in men (7.0 years 
in men and 9.0 years in women, P = 0.046; Supplementary 
Fig. 2B). The most common cause of death was pneumonia 
(66%).

Clinical phenotype of Armstrong’s 
criteria in CBD
The clinical types are shown in Table 2, and their combina
tions are shown in Fig. 3. At presentation, only 11 of 32 in
dividuals with CBD had completed assessments for all the 
symptoms and signs in the Armstrong’s criteria, and nine fur
ther patients had completed assessments during the entire 
course of the study owing to the retrospective nature, as de
scribed above. Although the present study is retrospective 
and limited in scope as described above, the most common 
clinical type was PSPS (48 or 84%, at presentation or during 
the entire course, respectively), followed by FBS (48 or 64%) 
and possible CBS (32 or 46%) using Armstrong’s criteria.9

Only one patient exhibited probable CBS (4%), both at pres
entation and during the entire course; patients who met the 
criteria for naPPA were 4 or 10%. Eleven patients at presen
tation and four during the entire course exhibited no clinical 
type (Fig. 3).

Table 1 Demographic data in patients with confirmed CBD pathology (CBD) and clinical diagnosis of CBS or CBD 
with non-CBD pathology (CBD mimics)

Feature
CBD CBD mimics

P-value (95% CI)n = 32 n = 32

Age at onset, years 65.4 ± 8.1 (45–83) 66.0 ± 10.4 (33–86) 0.820 (−5.17 to 4.13)
M:F ratio 16:16 22:10 0.203, OR: 0.45 (0.45–1.26)
Time at presentation since onset of symptoms, years 3.4 ± 2.4 (0–9) 3.7 ± 3.1 (0–12) 0.667 (−1.69 to 1.09)
Age at death, years 73.0 ± 8.2 (50–87) 74.3 ± 10.0 (48–93) 0.578 (−5.84 to 3.30)
Duration of disease, years 7.8 ± 3.1 (3–17) 9.6 ± 5.5 (3–31) 0.108 (−4.02–0.41)

Data are presented as mean ± SD (range). M, male; F, female; OR, odds ratio; 95% CI, 95% confidence interval.
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Patients with clinical diagnosis of CBD 
or CBS without CBD pathologies 
(CBD mimics)
Background of pathology
Thirty-eight patients with CBD mimics were enrolled; how
ever, six patients were excluded because of no available clin
ical information (Fig. 1A). Supplementary Table 6 shows 
that patients with CBD mimics involved PSP (n = 14), includ
ing a patient with PSP with glioblastoma, AD (n = 6),28,29

frontotemporal lobar degeneration with TDP-43 pathology 
(n = 3), globular glial tauopathy (n = 2), DLB (n = 2)45 and 
others.46,47

Clinical evaluation
Initial symptoms and signs in CBD mimics
In patients with CBD mimics, the most frequent initial sign 
was gait disturbance (69%), followed by clumsy limbs 
(63%), speech disturbances (55%) and bradykinesia (54%). 
In terms of the type of gait disturbance, unstable gait was 
the most common (46%). However, a frozen gait was not ob
served as an initial symptom (Supplementary Table 3).

Frequency of clinical signs and 
symptoms in CBD mimics
Motor features
During the entire course, limb rigidity or bradykinesia, 
(100%) gait disturbance (97%) and postural instability or 
falls (89%) were frequently observed in patients with CBD 
mimics. Conversely, 58% of the patients had dystonia and 
37% had myoclonus (Supplementary Table 4).

At presentation, 84% of them had limb rigidity or bradyki
nesia, and 77% presented gait disturbance. In terms of asym
metric presentation, 75% of CBD mimics had asymmetric 
limb rigidity or bradykinesia, 39% had asymmetric dystonia 
and 13% had asymmetric myoclonus (Supplementary Table 4).

Higher cortical features
For higher cortical features, both general cognitive impair
ment and frontal executive dysfunction were observed in 
more than 95% of patients, followed by limb apraxia 

Figure 2 Interval from the initial symptom to key milestones in CBD. (A) Patients with CBD. (B) Patients with CBD–CBS. (C) Patients with 
CBD–PSPS. (D) Patients with CBD–dementia. CBD, corticobasal degeneration; CBS, corticobasal syndrome; PSPS, progressive supranuclear palsy 
syndrome.

Table 2 Frequency of clinical type of Armstrong’s 
criteria in patients with CBD

CBD (n = 32)

Clinical type
At 

presentation
During the entire 

course

Probable CBS 1/28 (4) 1/25 (4)
Possible CBS 7/22 (32) 11/23 (46)
FBS 12/25 (48) 14/22 (64)
naPPA 1/27 (4) 2/21 (10)
Progressive supranuclear 

palsy syndrome
13/27 (48) 21/25 (84)

Data are presented as n (%). CBD, corticobasal degeneration; CBS, corticobasal 
syndrome; FBS, frontal behavioural–spatial syndrome; naPPA, non-fluent/agrammatic 
variant of primary progressive aphasia.
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(73%) during the entire course. However, 42% of CBD mi
mics presented behavioural changes, 39% had cortical sen
sory loss and 36% presented personality change during the 
entire course. An asymmetric alien limb sign was not ob
served (Supplementary Table 4).

Other features
In other features, urinary incontinence along with speech 
and language impairment was over 80%, supranuclear 
gaze palsy or decreased velocity of vertical saccades, and dys
arthria was observed in over 75%, and the pyramidal sign 
was in 60% of those patients during the entire course 
(Supplementary Table 4).

Interval from the initial symptoms to 
a key milestone in CBD mimics
The median intervals from the initial symptoms to the onset of 
key clinical milestones in CBD mimics were as follows: gait dis
turbance, 0.0 years; speech impairment, 1.0 years; behavioural 
changes, 1.0 years; falls, 2.0 years; cognitive impairment, 3.0 
years; dysphagia, 4.5 years; urinary incontinence, 5.0 years; 
walking with assistance, 5.0 years; supranuclear gaze palsy, 
6.0 years; and a bedridden state, 7.0 years (Fig. 4A).

Comparison analysis between CBD 
and CBD mimics
Clinical symptoms and signs
We compared the initial symptoms of CBD with those of 
CBD mimics to identify the former. The frequencies of frozen 

gait [P = 0.002, OR (95% CI): 29.48 (1.59–546.35)] and tre
mor [P = 0.014, OR (95% CI): 5.70 (1.40–23.30)] were 
higher in the CBD group (Supplementary Table 3).

The frequencies of limb apraxia [P = 0.031, OR (95% CI): 
3.64 (1.18–11.18)], dysarthria [P = 0.030, OR (95% CI): 
3.82 (1.25–11.68)] and pyramidal signs [P = 0.034, OR 
(95% CI): 3.50 (1.17–10.54)] were higher in CBD mimics 
at presentation. The frequency of asymmetric limb rigidity 
or bradykinesia was higher in the CBD mimics [P = 0.031, 
OR (95% CI): 5.13 (1.27–20.81)]; however, the frequency 
of tremors was higher in the CBD during the entire 
course [P = 0.042, OR (95% CI): 3.67 (1.07–12.55); 
Supplementary Table 4].

Interval from the initial symptoms to a key milestone
Speech impairment tended to appear earlier in patients with 
CBD mimics than in those with CBD (Figs 2A and 4A). Tube 
feeding (P = 0.006) and a bedridden state (P = 0.002) ap
peared earlier in patients with CBD than in those with 
CBD mimics (Supplementary Fig. 3A and B). The interval 
from the initial symptoms to cognitive impairment, walking 
with assistance and the survival period were not significantly 
different between the two groups.

CBS
Background pathology of CBS
Background pathologies of CBS (n = 48) included CBD (n =  
16, 33.3%), followed by PSP (n = 14, 29.2%) and AD (n = 6, 
12.5%; Fig. 1A and B).

Figure 3 Combination of clinical phenotype in CBD. Each number is a number of patients who met the item of Armstrong’s criteria. The most 
common clinical type was PSPS (48 or 84% at the presentation or during the entire course, respectively), followed by FBS (48 or 64%) and possible 
CBS (32 or 46%) using Armstrong’s criteria. Many patients with CBD met the multiple clinical phenotypes of the Armstrong criteria. Conversely, 11 
patients at presentation and four during the course did not meet any clinical criterion. One patient data during the entire course were unavailable. 
CBD, corticobasal degeneration; PSPS, progressive supranuclear palsy syndrome; FBS, frontal behavioural–spatial syndrome; naPPA, non-fluent/ 
agrammatic variant of primary progressive aphasia; Possi CBS, possible corticobasal syndrome; Prob CBS, probable corticobasal syndrome.
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Comparison analysis among 
CBD–CBS, PSP–CBS, and AD–CBS
Initial symptoms and signs
We compared the initial symptoms of CBD–CBS with those 
of PSP–CBS and AD–CBS. The frequencies of frozen gait [P  
= 0.005, OR (95% CI): 31.67 (1.46–685.34)] and short-step 
gait [P = 0.024, OR (95% CI): 15.75 (1.42–174.25)] were 
higher in the CBD–CBS group at onset than in the PSP– 
CBS group (Table 3). However, a distinct initial symptom 
of AD–CBS was not detected by the comparative analysis.

Clinical symptoms and signs
The prevalence of dysarthria was higher in the PSP–CBS 
group at presentation than in the CBD–CBS group [P =  
0.047, OR (95% CI): 6.75 (1.16–39.20)], and the frequency 
of supranuclear gaze palsy was higher in the PSP–CBS group 
during the entire course than in the CBD–CBS group [P =  
0.030, OR (95% CI): 14.00 (1.39–141.49)]. In contrast, 
the frequency of pyramidal signs was higher in AD–CBS pa
tients at presentation than in CBD–CBS patients [P = 0.012, 
OR (95% CI): 24.82 (1.17–527.15); Tables 4 and 5].

The frequency of dysarthria was higher in patients with 
PSP–CBS than in those with AD–CBS [P = 0.019, OR 
(95% CI): 24.43 (1.03–580.46)] at presentation. In contrast, 
the frequency of pyramidal signs at presentation [P = 0.011, 
OR (95% CI): 27.44 (1.25–601.61)] was higher in patients 
with ADe–CBS (Table 4). The frequencies of myoclonus [P  
= 0.013, OR (95% CI): 25.00 (1.80–346.71)] and personal
ity change [P = 0.013, OR (95% CI): 40.00 (1.98–807.14)] 

were higher in patients with AD–CBS during the entire 
course (Table 5).

Findings suggestive of background 
pathology from the decision tree 
analysis
Decision tree analysis in CBS showed that ‘freezing at onset’ 
or ‘no dysarthria at presentation and age at onset <66 years 
in the case without freezing at onset’ predicted CBD path
ology with a sensitivity of 81.3% (13/16) and specificity of 
84.4% (27/32), ‘dysarthria at presentation and age at onset 
older than 61 years’ suggested PSP pathology with a sensitiv
ity of 64.3% (9/14) and specificity of 85.3% (29/34) and 
‘pyramidal sign at presentation and personality change dur
ing the entire course’ implied AD pathology with a sensitivity 
of 66.7% (4/6) and specificity of 95.2% (40/42; Fig. 5).

Interval from the initial symptoms to 
a key milestone
We compared the intervals from the initial symptoms to the 
key milestones between CBD–CBS and PSP–CBS or AD– 
CBS. Within the early 2 years, patients with CBD–CBS initially 
presented with gait disturbance (median 0.0 years), followed 
by falls (1.5 years; Fig. 2B). However, those with PSP–CBS ini
tially presented behaviour changes and gait disturbance (0.0 
year), followed by speech impairment and falls (1.0 years), 
and later accompanied supranuclear gaze palsy (6.0 years; 
Fig. 4B). Patients with AD–CBS initially presented with gait 

Figure 4 Interval from the initial symptom to key milestones in CBD mimics. (A) Patients with CBD mimics. (B) Patients with PSP–CBS. (C) 
Patients with AD–CBS. CBD, corticobasal degeneration; CBS, corticobasal syndrome; PSP, progressive supranuclear palsy.
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Figure 5 Decision tree analysis for background pathology of CBS. A decision tree analysis was performed using the classification and regression 
tree method with CBD, PSP and AD as the dependent variables and sex, age at onset and significant findings (freezing at onset, tremor at onset, 
dysarthria at onset, dysarthria at presentation, pyramidal signs at presentation, pyramidal signs during the entire course, myoclonus during the 
entire course, personality change during the entire course and supranuclear gaze palsy during the entire course) as the   

(continued) 
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disturbance (0.0 years), followed by cognitive impairment (1.0 
years), speech impairment and falls (2.0 years; Fig. 4C).

Discussion
Clinical characteristics of patients 
with CBD pathology
The present study is the first to show the clinical spectrum 
and course of the genetic, biochemical and pathological 
confirmation of CBD in Japan.

Age at onset and death
In the present study, the mean age at onset of CBD was in the 
mid-60s, similar to previous studies.8–13,48 Although an age 
at onset of ≥50 years is required for probable sporadic CBD 
of Armstrong’s criteria, one patient with CBD (Patient no. 
21) developed symptoms at 45 years of age, the same as 
the youngest age reported previously.48 In previous studies, 
a patient with an onset at age 83 (Patient no. 11) had the old
est onset.8–14,48 Age at death was consistent with the pub
lished data.8–14,48 The ratio of men and women was equal, 
similar to those in western countries.8–14,48

Initial signs and symptoms
In terms of initial signs and symptoms, many studies re
ported that limb clumsiness was the most common initial 
symptom (37–50%).12,48 Other signs at onset reported 
were gait disorder,12,48 falls,48 sensory problems,12,48 behav
ioural change,12,48 cognitive problems (memory loss)12,48

and tremor.48 Although limb clumsiness was also seen as of
ten as in previous studies (48%), the most common finding at 
onset was gait disturbance (74%), which was more frequent 
than in previous reports.9,12 This may have been associated 
with the high proportion of participants from the depart
ment of neurology in our cohort. The most frequent gait 
characteristic at onset was slow gait (57%), followed by un
stable gait (48%). Surprisingly, the prevalence of gait freez
ing was noted in ∼40% of the patients.

Clinical signs and symptoms
Almost all patients with CBD developed limb rigidity or bra
dykinesia, gait disturbances and postural instability. These 

motor signs were more frequent than those reported by 
Armstrong et al.9 Characteristics of gait (e.g. short stepped, 
bradykinetic, unstable and broad based) were the same as 
those in previous studies.12,48 In PSP, gait freezing is the pri
mary sign of akinesia, especially as patients with PSP–PGF 
develop gait freezing in their early stages.43 Gait freezing 
was also found for the first time in CBD, which has the 
same 4R tauopathies. Both dystonia and myoclonus were 
the major signs of CBS, but they were less frequent, which 
was consistent with previous studies.8,9,12,14 The cognitive 
impairment seen in 90% of patients with CBD was the 
most common higher cortical feature, as previously de
scribed.8,9,13,14 More than 80% of the patients with CBD 
presented executive dysfunction; it was more frequent than 
in previous reports.12 Behavioural changes were noted in 
56% of patients with CBD during the entire course, as fre
quently as Armstrong et al.9 Patients who developed apraxia 
were 29% at presentation and 48% during the entire course, 
which was less than in previous studies.9,14 As previous re
ports9,14 pointed out, cortical sensory loss (21%) and alien 
limb phenomena (7%) were infrequent despite the core fea
tures of CBS. Therefore, few patients with CBD met possible 
(46%) or probable (4%) CBS as per Armstrong et al.’s9 cri
teria (Table 2). However, the proportion of cortical sensory 
loss evaluated was particularly small (only 20 of 32 patients 
at presentation and 19 during the entire course), and it is pos
sible that the actual number might be much higher, and the 
proportion of CBS may also be higher.

Clinical phenotype and course
In the present study, the frequencies of CBS and naPPA were 
less than those reported by Alexander et al.14 FBS tended to 
have the same frequency, and the proportion of PSPS tended 
to be higher than that reported by Alexander et al.14 This dif
ference may be because many patients came from movement 
disorders and not from dementia in this cohort. Many pa
tients also had more than one clinical type (Fig. 3). In add
ition, half of the patients with CBD pathology developed 
non-CBS phenotypes such as PSP and dementia, and their 
physicians did not suspect CBD pathology, thereby not for
mulating an evaluation of the primary symptoms of CBS. 
Evaluation throughout the course of the disease was particu
larly difficult, in part because the patients eventually becom
ing bedridden and mutic, therefore making the evaluation 
for aphasia or speech incomplete.

Figure 5 Continued 
independent variables, and cross-validation was performed. (A) Clinical findings suggestive of CBD pathology. ‘Freezing at onset’ or ‘no dysarthria 
at presentation and age at onset <66 years in the case without freezing at onset’ predicted CBD pathology with a sensitivity of 81.3%, specificity of 
84.4%, PPV of 72.3% and NPV of 90%. (B) Clinical findings suggestive of PSP pathology. ‘Dysarthria at presentation and age at onset older than 61 
years’ suggested PSP pathology, with a sensitivity of 64.3%, specificity of 85.3%, PPV of 64.3% and NPV of 85.3%. (C) Clinical findings suggestive of 
AD pathology. ‘Pyramidal sign at presentation and personality change during the entire course’ implied AD pathology with a sensitivity of 66.7%, 
specificity of 95.2%, PPV of 66.7% and NPV of 95.2%. n, number of patients; CRT, classification and regression tree method; CBS, corticobasal 
syndrome; CBD, corticobasal degeneration; PSP, progressive supranuclear palsy; AD, Alzheimer’s disease; PPV, positive predictive value; NPV, 
negative predictive value.
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Kertesz et al.49 reported in detail the time course of the 
clinical type of 12 pathologically confirmed CBD patients 
in a prospective cohort of FTD. The most common first clin
ical syndrome was primary progressive aphasia, followed by 
behavioural variant of FTD, and CBD syndrome. The clinic
al phenotype evolved to the other second and third syn
dromes over time. As mentioned above, it has been shown 
that clinical syndrome evolves over time in CBD. To our 
knowledge, this study is the first to describe the onset of 
each clinical sign and symptom by clinical phenotype in pa
tients with pathologically confirmed CBD. In CBD, the earli
est symptom was gait disturbance, followed by behavioural 
changes (median 1.0 year), falls and cognitive impairment 
(2.0 years, respectively; Fig. 2A). The clinical course differs 
depending on the clinical type (Fig. 2B–D).

Survival and cause of death
Some studies reported that the early presence of parkinson
ism,48 frontal lobe features48 and dementia12 predicted 
shorter survival48 in pathologically confirmed CBD. Age at 
onset was not associated with survival, consistent with previ
ous studies.12,48 No previous reports have investigated 
whether the basic clinical characteristic of sex affects sur
vival; our findings showed that survival was predicted to 
be longer in women than it was in men.

In patients with CBD, the most common cause of death 
was pneumonia, similar to the findings of previous studies.48

Background pathology of CBS
In the present study, the background pathology of CBS in 
Japan constituted a variety of proteinopathies: CBD was 
the major (33.3%), followed by PSP (29.2%) and AD 
(12.5%). In previous reports on the background pathology 
of CBS, PSP and AD were found to be the two major diseases 
(other than CBD). PSP was observed in 0.0–47.6% of 
CBS,7,10,11,13,18–20,26,27,50 while AD was observed in 0.0– 
50.0% of CBS.7,10,11,13,16,18–20,26,27,50 Generally, the fre
quency of PSP was higher in cohorts who were treated mainly 
for movement disorders than those treated mainly for cogni
tive impairment.7,10,11 On the contrary, the frequency of AD 
was higher in cohorts than those treated mainly for cognitive 
impairment.19,27 The result of our cohort from treating main
ly movement disorders is similar to the previous cohorts that 
mainly aimed to treat movement disorders, as well.

Clinical characteristics of CBD–CBS, 
PSP–CBS and AD–CBS
Finally, we discuss the clinical characteristics of each 
disease type. Gait disturbance at onset and early falls were com
mon signs in CBD–CBS, PSP–CBS and Alzheimer’s disease–CBS.

CBD–CBS
The clinical characteristics of CBD–CBS are gait distur
bances initially, followed by falls within 2 years and later 

accompanied by behavioural changes and cognitive impair
ment. At the onset, CBD–CBS patients more frequently pre
sented with frozen gait, and short-step gait, compared with 
PSP–CBS; the frequency of short-step gait in CBD–CBS 
was almost equal to that in AD–CBS. Frozen gait has not 
been previously reported in CBD. As per our study, frozen 
gait may suggest CBD–CBS.

PSP–CBS
Both PSP and CBD are 4R tauopathies having overlapping 
clinical phenotypes; with CBS having the PSP phenotype 
and PSPS having the clinical phenotype of CBD, distinguish
ing them becomes extremely difficult clinically. However, 
our analysis revealed some differences between the two. 
The clinical characteristics of PSP–CBS include gait disturb
ance at onset, followed by speech disturbance and falls with
in 2 years and later the accompaniment of supranuclear gaze 
palsy. Supranuclear gaze palsy was more frequently observed 
during the course, compared with CBD–CBS. Supranuclear 
gaze palsy is a late sign, as per Respondek et al.,51 but falling 
down appeared earlier (1.0 year) in PSP–CBS. Moreover, pa
tients with PSP–CBS more frequently presented with dys
arthria at presentation than with CBD–CBS or AD–CBS. 
Although dysarthria has not been previously reported as an 
early symptom, the existence of dysarthria at presentation 
may be suggestive of PSP–CBS.

AD–CBS
The clinical characteristics of AD–CBS are initial gait dis
turbance, followed by cognitive impairment. Shelly et al.27

previously reported that asymmetric extrapyramidal signs 
were observed, and cognitive impairment was an earlier 
symptom of AD–CBS than CBD–CBS; however, the previous 
report did not compare it with PSP–CBS. In our cohort, a 
higher frequency of myoclonus was observed at diagnosis 
and during the entire course of AD–CBS than that in PSP– 
CBS. Hu et al.37 previously reported that a higher frequency 
of myoclonus was observed in AD–CBS than in CBD–CBS 
but not in PSP–CBS. In addition, in our cohort, personality 
change and pyramidal signs were more frequently observed 
in patients with AD–CBS than in those with PSP–CBS. 
These findings may be related to hippocampal-sparing type 
AD in which the primary motor cortex has higher neurofib
rillary tangle (NFT) counts than typical AD52

Findings suggestive of background 
pathology from the decision tree 
analysis
The results of the decision tree analysis revealed that ‘the 
presence of frozen gait at onset’ or ‘the absence of dysarthria 
at presentation and younger onset’ suggests CBD pathology; 
‘dysarthria at presentation and age at onset older than 61 
years’ predicted PSP pathology; furthermore, ‘pyramidal 
sign at presentation and personality change during the entire 
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course’ implied AD pathology. Although these findings have 
not been previously reported, they may contribute to a cor
rect diagnosis during life. The sensitivity and specificity of 
the decision tree analysis for predicting background path
ology are still not high, and if used alone, it will have limited 
diagnostic value.

Limitation
This study had some limitations. Firstly, this was a small, retro
spective cohort study. Furthermore, we could not completely 
elucidate the patients’ symptoms and signs throughout the clin
ical course and could obtain the items considered present or ab
sent only if described. Therefore, in some analyses, the 
comparison between the two groups would have had an insuf
ficient number of patients. Moreover, the patient’s information 
on the biomarkers to exclude AD was inadequate in the study. 
A limitation of the study is also that the lack of information 
(which is already mentioned) made it hard to assess the 
Armstrong’s CBD criteria. However, a strength of the study is 
that the findings could still inform future revisions of the criteria 
to improve sensitivity and specificity. Therefore, a large inter
national multicentre prospective cohort study is required for 
further investigating CBD and CBS. This study focused on clin
ical features, and its results may be combined with highly pre
dictive biomarkers to detect background pathologies.53

Conclusion
To our knowledge, this study is the first to describe the clin
ical spectrum of the pathologically, genetically and biochem
ically verified patients with CBD. This is also the first report 
of the clinical differences between CBD–CBS, PSP–CBS and 
AD–CBS. In CBS, gait disturbance at onset and early falls are 
common signs. However, frozen gait at onset may suggest 
CBD pathology, dysarthria may predict PSP pathology and 
personality change and pyramidal signs may imply AD 
pathology.

Supplementary material
Supplementary material is available at Brain Communications 
online.
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