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Abstract
Objective—To characterise the neuropsy-
chiatric symptoms of patients with corti-
cobasal degeneration (CBD).
Methods—The neuropsychiatric inven-
tory (NPI), a tool with established validity
and reliability, was administered to 15
patients with CBD (mean (SEM), age 67.9
(2) years); 34 patients with progressive
supranuclear palsy (PSP) (66.6 (1.2)
years); and 25 controls (70 (0.8) years),
matched for age and education. Both
patient groups had similar duration of
symptoms and mini mental state exam-
ination scores. Semantic fluency and
motor impairment were also assessed.
Results—Patients with CBD exhibited
depression (73%), apathy (40%), irritabil-
ity (20%), and agitation (20%) but less
often had anxiety, disinhibition, delusions,
or aberrant motor behaviour (for exam-
ple, pacing). The depression and irritabil-
ity of patients with CBD were more
frequent and severe than those of patients
with PSP. Conversely, patients with PSP
exhibited significantly more apathy than
patients with CBD. The presence of high
depression and irritability and low apathy
scale scores correctly diVerentiated the
patients with CBD 88% of the time. The
irritability of patients with CBD was
significantly associated with disinhibition
(r=0.85) and apathy (r=0.72). In CBD,
apathy was associated with disinhibition
(r=0.67); disinhibition was associated with
aberrant motor behaviour (r=0.68) and
apathy (r=0.67); and aberrant motor be-
haviour with delusions (r=1.0). On the
other hand, depression was not associated
with any other behaviour, suggesting that
it has a diVerent pathophysiological
mechanism. Symptom duration was asso-
ciated with total motor scores (r=0.69).
However, total motor score was not asso-
ciated with any behaviour or cognitive
scores.
Conclusions—The findings indicate that
frontosubcortical pathways mediating
cognition, emotion, and motor function in
CBD are not aVected in parallel. Patients
with CBD and PSP have overlapping neu-
ropsychiatric manifestations, but they
express distinctive symptom profiles.
Evaluating the behavioural abnormalities
of parkinsonian patients may help clarify
the role of the basal ganglia in behaviour.
(J Neurol Neurosurg Psychiatry 1998;65:717–721)
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Corticobasal degeneration (CBD) is a neuro-
degenerative disorder characterised clinically
by steadily progressive motor (for example,
dystonia, asymmetric parkinsonism not ben-
efitting from levodopa therapy, myoclonus,
balance disturbances, and pyramidal signs) and
cognitive (for example, ideomotor apraxia,
alien hand syndrome, aphasia, visual and
sensory neglect) disturbances presenting after
the age of 40.1 2 Neuropathologically, it features
circumscribed parietal or frontoparietal atro-
phy, severe cortical neuronal loss, and intense
astrogliosis, spongiosis, swollen and achro-
matic neurons (ballooned cells), neuropil
threads, and occasionally, neurofibrillary tan-
gles. In addition, basophilic argyrophilic and
tau protein positive inclusions are found in the
neurons of the substantia nigra and basal gan-
glia (subthalamic nucleus, striatum, and palli-
dum), and also may be present along the den-
tatorubrothalamic tracts. Feany and Dickson3

recently described the “astrocytic plaque” as
being pathognomonic of this disorder. Clinical
and neuropathological variations have been
described which overlap with progressive
supranuclear palsy (PSP) and Pick’s
disease.1 2 4–9 Several studies have characterised
the motor and cognitive features of CBD,1 10–14

but the patients’ neuropsychiatric symptoms
have rarely been described.15 16

Neuropsychiatric symptoms are important
predictors of burden of the caregiver and the
potential for admitting patients to
institutions.17–20 Thus identification and treat-
ment of the associated behavioural abnormali-
ties may be relevant for improving the quality
of life of patients with CBD and their
caregivers. In addition, increasing insight into
the neurobiological basis of neuropsychiatric
disorders facilitates understanding how behav-
iourally relevant circuits are involved in CBD.

We administered the neuropsychiatric inven-
tory (NPI), a tool with established validity and
reliability, to assess the behavioural abnormali-
ties of patients with CBD.21 The NPI evaluates
both the frequency and severity of 10 behav-
iours that are commonly reported in patients
with cognitive disturbances: delusions, halluci-
nations, agitation, depression, anxiety, eupho-
ria, apathy, disinhibition, irritability, and aber-
rant motor behaviour (for example, pacing). To
better characterise the behavioural aspects of
patients with CBD and to search for distinctive
behavioural characteristics, we compared their
performance on the NPI to that of a group of
patients with PSP of similar age, education,
and cognitive impairment and to age matched
normal controls.
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Subjects and methods
Fifteen patients with CBD and 34 with PSP,
presenting to the National Institutes of Neuro-
logical Disorders and Stroke (NINDS) as out-
patients, participated in the study (table 1).
The patients with CBD were diagnosed
according to the modified criteria of Lang et al.4

which included a progressive course of an
asymmetric parkinsonism not benefiting from
levodopa therapy; the presence of either a dys-
tonic limb or focal myoclonus; the presence of
either ideomotor apraxia, alien limb syndrome,
or cortical sensory loss; and absence of resting
tremor, autonomic disturbance, or laboratory
evidence of other disorders. The diagnosis of
one of the 15 patients with CBD was later con-
firmed by necropsy. The PSP study subjects
met the NINDS-Society for PSP, Inc (NINDS-
PSP) clinical research criteria and 22 have pre-
viously been reported on.22

Twenty five normal controls of the same age
and educational levels were recruited at the
University of California, Los Angeles (table
1).21 Exclusion criteria for all subjects and
patients comprised history of alcohol or
substance misuse, head trauma with loss of
consciousness, and psychiatric disorder pre-
ceding the onset of current disease. All partici-
pating subjects gave institutional consent.
Caregivers and participating subjects were
interviewed with the NPI, but as previously
described,21 the NPI is based on caregivers’
information. Briefly, screening questions for
each behaviour were posed first, and if a
positive response was obtained for one of the
10 neuropsychiatric domains, then this aspect
was further explored with scripted questions.
The behaviours were rated using a scale for the
frequency (1 being occasionally, 2 often, 3 fre-
quently, and 4 very frequently) and for the
severity (1 being mild, 2 moderate, and 3
marked). The composite score for each behav-
ioural domain is the product of the frequency
and severity subscore for that particular behav-
iour (maximum 12). The total score of the NPI
is the sum of the subscales scores. In addition,
we administered the mini mental state exam-
ination (MSSE)23 to all subjects, and the Mat-
tis dementia rating scale24 to 12 of the 15
patients with CBD and to 28 of 34 with PSP.
There were no significant diVerences between
patients that were administered the Mattis

dementia rating scale and those that were not,
(age, education, MMSE scores, symptom
duration, and motor scores). Verbal fluency
(semantic fluency: number of names of items
from a supermarket and phonemic fluency:
number of words starting with the letter “F”,
produced in one minute), and motor impair-
ment (modified unified Parkinson’s disease
rating scale total motor score (UPDRS)25) were
assessed in the patients. We computed the
motor function axially and in the most affected
limb. Both patient groups had similar symptom
duration, MMSE, and Mattis dementia rating
scale scores, but the patients with CBD had a
higher UPDRS total motor score (table 1).

Statistical analyses included bootstrap analy-
sis, analysis of variance (ANOVA), logistic
regression, and discriminant function analyses.
A histogram of NPI data disclosed that
composite scores do not generate a normal dis-
tribution. Multiplying the frequency (1–4) by
the severity (1–3) subscores will not produce a
5, 7, or 11 composite score. The use of non-
parametric analysis (for example, the Mann-
Whitney U test) partially accommodates such
skewed data but results in a loss of power.
Because NPI data generate a non-normal
distribution, precluding traditional parametric
analysis, a bootstrap analysis26 was employed.
The program Resampling Stats® was used to
evaluate significant diVerences among patient
groups’ mean composite scores for each of the
10 NPI behaviours. Bootstrap analysis com-
bines the raw composite scores for any given
behaviour of the entire dataset and randomly
samples a number of these scores equal to the
number making up the groups comprising the
data set. A mean diVerence composite score is
then calculated from the randomly comprised
samples. This is then repeated 1000 times on
the dataset, producing a distribution of possi-
ble mean diVerence composite scores. The
mean diVerences found can then be compared
to this distribution of the possible mean diVer-
ence composite scores between two clinical
groups for each behaviour on the NPI. The
probability of finding the observed mean
diVerence based on the mean diVerence gener-
ated by resampling is then recorded. This
process was repeated 10 times for each of the
10 NPI behaviours to arrive at an average
probability value for each comparison. If the
observed diVerence was greater than 95% of
the diVerences expected from random resam-
pling in the bootstrap method, it was judged to
be significant at the 0.05 level.

To explore the relations among the diVerent
behaviours, symptom duration, and motor and
overall cognitive functions, Spearman correla-
tion coeYcients were calculated for the com-
posite scores of these, in a 14×14 matrix for all
patients with CBD (table 2). This exploratory
analysis was not meant to establish strict
significance, and thus a type 1 error was
deemed preferable to missing a possible corre-
lation (type 2 error). For this reason, no
Bonferroni adjustment was made; however, an
adjusted á level of 0.01 was required for
significance.

Table 1 Demographics of study group

Characteristics

Corticobasal
degeneration
(n=15)

Progressive
supranuclear
palsy (n=34)

Healthy
controls
(n=25)

Age (y) 67.9 (2) 66.6 (1.2) 70 (0.8)
Sex 8 M / 7 F 23 M / 11 F 14 M / 11 F
Education (y) 14.3 (0.8) 14.4 (0.5) 13.2 (0.4)
Duration (months) 46.5 (5.7) 52 (4.5) —
Mini mental state examination score 26.1 (1.2) 26 (0.8)* 28.6 (0.3)
Total Mattis dementia rating scale score† 120.5 (4.2) 118.6 (2.4) —
Total UPDRS motor scores 26.2 (2)* 21.2 (1.3) —

Data are presented as mean (SEM). UPDRS=unified Parkinson’s disease rating scale score;
UPDRS maximum score was 54, and included only motor evaluation of axial and most aVected
limb (bradykinesia, rigidity, tremor, or dystonia).
*Patients with progressive supranuclear palsy had a significantly lower (worse) mini mental state
examination score than controls (ANOVA, p<0.05), patients with corticobasal degeneration had a
higher (worse) total motor score than those with progressive supranuclear palsy (p<0.05). The
score of normal controls, not tested in this study with the Mattis dementia rating scale score, is
>136. †This analysis included 12 patients with corticobasal degeneration and 28 with progressive
supranuclear palsy.
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Results
Patients with CBD exhibited depression
(73%), apathy (40%), irritability (20%) and
agitation (20%), but rarely (<14%) anxiety,
disinhibition, delusions, or aberrant motor
behaviour (table 3). No patient with CBD
manifested euphoria or hallucinations.

The depression and irritability of patients
with CBD were significantly more frequent and
severe than those of patients with PSP and
normal controls. However, those with PSP
exhibited significantly more apathy. The other
behaviours were similar in the two patient
groups (table 3).

Logistic regression analysis indicated a
significantly higher frequency of depression
(÷2=13, p<0.001, odds ratio=1299) and irrita-
bility (÷2=15.4, p<0.001; odds ratio=27 065)
and lower apathy (÷2=22; p<0.0001; odds
ratio=0.0001) in patients with CBD compared
with patients with PSP (overall model, 39.4;
p<0.0001). A discriminant function analysis
performed on the patient data set (CBD and
PSP) disclosed that any patient with high
depression and irritability scale scores and low
apathy composite scores would be placed
correctly in the CBD group 88% of the time in
this patient sample (sensitivity 67%, specificity
97%, overall accuracy 88%).

The irritability of patients with CBD was
significantly associated with disinhibition and
apathy (table 2). Their apathy was associated
with disinhibition and anxiety; their disinhibi-
tion was associated with aberrant motor
behaviour and delusions; their delusions were

associated with aberrant motor behaviour; and
their anxiety was associated with delusions and
aberrant motor behaviour. Although motor
disturbances were not associated with any
behaviour, they were associated with total
MMSE, suggesting that some patients with
CBD with the poorest motor function (higher
scores) had better cognitive performance
(higher total MMSE scores). A factor analysis
was performed to investigate whether the
strength of some correlations (for example,
disinhibition, anxiety, apathy, irritability, aber-
rant motor behaviour) may suggest that these
behaviours belong to a single syndrome rather
than being independent behavioural domains.
The analysis showed that these behaviours
could be grouped into two factors: (1) irritabil-
ity, disinhibition, and apathy and (2) anxiety
and aberrant motor behaviour (p<0.0001).
When we also included agitation and depres-
sion in the analysis, these behaviours were
grouped into two factors: (1) agitation, apathy,
disinhibition, irritability, and aberrant motor
behaviour and (2) depression (p<0.0001).
Anxiety was included with both but more with
factor 1.

Patients with CBD with left motor symp-
toms (n=7) had higher disinhibition (2 (SEM
1)), apathy (2.8 (SEM 2)) and irritability (2
(SEM 1)), and lower depression scores (2.4
(SEM 1)) than those with right motor
symptoms (n=8; disinhibition, 0; apathy, 0.7
(SEM 0.6); irritability, 0.14 (SEM 0.1);
depression, 4.6 (SEM 1.4), but none of these
diVerences were significant.

Discussion
This is the first study to systematically investi-
gate the neuropsychiatric disturbances of pa-
tients with CBD. We found that most (87%)
patients with CBD manifested neuropsychiatric
symptoms, mostly depression (73%), apathy
(40%), irritability (20%), and agitation (20%),
and less commonly, anxiety, disinhibition, aber-
rant motor behaviours, or delusions. No pa-
tients evidenced euphoria or hallucinations as
reported by caregivers on the NPI. Patients with
CBD showed significantly more depression
than both patients with PSP and controls; con-
versely, patients with PSP were more apathetic.
Behaviouraly, patients with CBD were more
likely (higher odds ratios) than those with PSP

Table 2 Correlations of neuropsychiatric inventory (NPI) composite scores, motor, and global cognitive scores in corticobasal degeneration

Depression Apathy Irritability Agitation Anxiety Disinhibition Delusions

Aberrant
motor
behaviour

Total
NPI Duration

Motor
score MMSE MDRS

Depression
Apathy −0.05
Irritability 0.03 0.72**
Agitation 0.05 0.10 0.25
Anxiety 0.26 0.62† 0.33 0.36
Disinhibition −0.23 0.67* 0.85*** 0.36 0.42
Delusions 0.03 0.49 0.58† 0.62† 0.68** 0.68**
Aberrant motor

behaviour 0.03 0.49 0.58† 0.62† 0.68** 0.68** 1.0***
Total NPI score 0.60† 0.58† 0.67* 0.31 0.55 0.59† 0.44 0.44
Duration 0.15 0.13 0.31 0.22 0.27 0.53† 0.31 0.31 0.51
Motor score 0.26 −0.03 0.18 0.17 0.36 0.27 0.31 0.31 0.35 0.69**
MMSE 0.01 0.01 0.37 0.25 −0.02 0.48 0.41 0.41 0.29 0.51 0.50
MDRS −0.26 −0.22 0.31 −0.13 −0.30 0.31 — — −0.12 0.27 0.39 0.78**
Verbal fluency −0.23 −0.78† −0.65 −0.12 −0.58 −0.42 −0.49 −0.49 −0.64 0.12 0.13 0.07 0.55

Adjusted á= 0.01 was required for significance. †p<0.03; *p<0.01; **p<0.005; ***p<0.001.

Table 3 Mean (SEM, %) neuropsychiatric inventory (NPI) composite scores (maximum
12) of individual symptoms of patients with corticobasal degeneration and progressive
supranuclear palsy, and healthy controls

Behaviour (NPI composite
scores)

Corticobasal
degeneration (n=15)

Progressive
supranuclear palsy
(n=34)

Healthy controls
(n=25)

Depression 3.4 (0.9, 73)*† 0.5 (0.3, 18) 0.24 (0.3, 4)
Apathy 1.8 (0.9, 40) 6 (0.7, 82)*† 0
Irritability 1.13 (0.7, 20)† 0.15 (0.09, 9) 0.08 (0.08, 4)
Agitation 0.27 (0.2, 20) 0.06 (0.06, 3) 0
Anxiety 1.1 (0.7, 13) 0.24 (0.1, 12) 0
Disinhibition 1.1 (0.7, 13) 1.8 (0.6, 35) 0.16 (0.2, 4)
Delusions 0.2 (0.2, 7) 0 0
Aberrant motor behaviour 0.07 (0.06, 7) 0.47 (0.4, 6) 0
Euphoria 0 0 0
Hallucinations 0 0 0
Total NPI score 9 (3.2, 87) 9.2 (1.2, 88) 0.5 (0.4, 1)‡

*p<0.05, patients with progressive supranuclear palsy v patients with corticobasal degeneration;
†p<0.05 either patient group v controls; ‡p<0.05, both patient groups v controls.
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to exhibit depression and irritability in the
absence of, or with low levels of, apathy. In fact,
these features correctly identified the patients
with CBD 88% of the time. However, patients
with CBD also exhibited apathy which was
unrelated to their depression. Apathy was
manifested by inattention to usual interests,
activities, or plans of family members, and by
being less spontaneous and active than usual.
Apathy of patients with CBD was associated
with irritability, disinhibition, and anxiety sug-
gesting possible common pathogenetic mecha-
nisms. Irritability of patients with CBD was
manifested by flashes of anger, impatience,
being argumentative and diYcult to get along
with, unrelated to the frustration of their illness,
and diVerent from the patient’s usual behav-
iour. Disinhibition was characterised by acting
impulsively without considering the conse-
quences and by being tactless or making crude
remarks. Although, it could be argued that the
combination of these features is counterintui-
tive, a factor analysis suggested that irritability,
disinhibition, and apathy may belong to a single
syndrome rather than being independent be-
havioural domains. This factor contains items
indicative of frontal lobe dysfunction. In
support of our findings, a recent study con-
firmed by necropsy showed that 58% of the
patients with CBD studied had developed apa-
thy, irritability, or disinhibition, often associated
with frontal lobe release signs.16

In the current study, depression was the
most frequent neuropsychiatric symptom ex-
hibited by patients with CBD. These results
diVer from those of our necropsy study in
which only a few (7%) patients with CBD pre-
sented with depression at onset, although at
least one third developed it during progression
of disease.16 Neuropsychiatric symptoms are
usually not thoroughly ascertained, and
necropsy studies probably underestimate their
presence. We did not determine if our patients’
depression was reactive to their deficits, but the
fact that it may antedate motor symptomatol-
ogy (and was the first symptom in one of the 15
patients) indicates that at least in some patients
with CBD, depression has a neurobiological
basis. Depression in CBD was unrelated to any
other behaviour, suggesting that its pathophysi-
ological mechanism diVered. Depression often
occurs in other basal ganglia disorders such as
Parkinson’s disease and Huntington’s disease,
in which it may predate other symptoms.27–32

Depressed patients with Parkinson’s disease
have more severe neuronal loss in the dorsal
raphe than non-depressed patients33; and in an
18F-fluoro-2-deoxyglucose (18F-FDG) PET
study, there was significant hypometabolism in
the caudate and orbital inferior frontal lobes.34

In addition, the depression scores of the
patients with Parkinson’s disease inversely cor-
related with the decreased metabolic activity
(lower metabolism correlated with greater
depression).34 Similarly, in an 18F-FDG PET
study, depressed patients with Huntington’s
disease showed orbitofrontal and thalamic
hypometabolism.35 Studies with 18F-FDG PET
in CBD disclose diminished metabolic activi-
ties in the frontal, temporal, sensorimotor, and

parietal association cortices as well as in the
caudate nucleus, lenticular nucleus, and
thalamus.36 37 Studies with PET of regional
oxygen uptake show significantly depressed
values in the superior and posterior temporal,
inferior parietal, and occipital cortices. In
addition, there were significant abnormalities
in the superior frontal, midfrontal, inferior
frontal, frontal polar, and orbitofrontal areas of
the prefrontal cortex.38 Striatal fluorodopa
uptake measured with PET discloses dimin-
ished fluorodopa uptake in both the caudate
and putamen. These metabolic abnormalities
tend to be asymmetric with greater involve-
ment contralateral to the most aVected side of
the body. The regions aVected are similar to
those described as abnormal in patients with
other neurologically based depression syn-
dromes, although no specific metabolic studies
of patients with CBD with and without depres-
sion have been reported. Pathological changes
in CBD include involvement of several nuclei
of frontosubcortical circuits posited to mediate
cognitive and emotional functions. AVected
areas include the prefrontal cortex, globus pal-
lidus, subthalamic nucleus, substantia nigra,
locus coeruleus, raphe nuclei, and midbrain
tegmentum.39 Biochemical deficits in CBD
include a marked loss of noradrenaline and
serotonin as well as a severe nigrostriatal
dopamine deficiency.40 Similar transmitter de-
ficiencies characterise other basal ganglia
disorders with depression such as Parkinson’s
disease. By contrast, in PSP the locus coeruleus
and raphe nuclei are relatively preserved, and
noradrenaline and serotonin concentrations
are usually not aVected. Additionally, in PSP,
by contrast to what occurs in CBD and Parkin-
son’s disease, involvement of the frontosubcor-
tical circuits is bilateral and symmetric.
Whether unilateral or asymmetric involvement
of the orbitofrontal circuit is needed to
manifest biological depression, and bilateral
involvement of the medial frontal circuits is
necessary for the presence of apathy, need fur-
ther evaluation.

Dysfunction of subcortical projections to
premotor-motor and supplementary motor
subcortical circuits explains the motor abnor-
malities exhibited by patients with CBD.
Although in our study, patients’ symptom dura-
tion was associated with disinhibition (r=0.53)
and motor scores (r=0.53), motor disturbances
were unrelated to any behaviour or specific cog-
nitive disturbance (for example, frontal dys-
function). Moreover, patients with CBD with
worse motor dysfunction (higher scores) had
less cognitive impairment (higher total MMSE
scores), suggesting that the various frontosub-
cortical pathways in CBD are not aVected in
parallel, at relatively early stages of the disease.
Because this finding was made in a cross
sectional, not a longitudinal study, our results
do not disagree with the previous studies,16

which reported that cognitive symptoms pro-
gressed during the course of the disease. In
support of our findings, we found that in cases
confirmed by necropsy16 (unpublished mate-
rial), at early disease stages, motor dysfunction
was inversely associated with cognitive impair-
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ment (unilateral rigidity was inversely corre-
lated with impaired cognition during the first 3
years (r=−0.57, p<0.05); and unilateral dysto-
nia was inversely related to cognitive distur-
bances at onset (r=−0.63, p<0.01)). Moreover,
in the same data set,16 bilateral motor distur-
bances were positively associated with cognitive
disturbances (bilateral bradykinesia was associ-
ated with impaired cognition during the first 3
years (r=0.58, p<0.05)). These results suggest
that at onset, patients may manifest either
motor or cognitive disturbances which reflect
the presence of neuronal degeneration in either
motor or cognitive circuits. However, when
motor symptoms are bilateral, usually with pro-
gression of the disease, patients show more
obvious cognitive impairment. Because we
evaluated patients at relatively early stages of
their disease and used the score of the worse
limb for the motor assessment, we found that at
disease onset, degeneration of the diVerent
frontosubcortical circuits does not occur in
parallel. It is not surprising that at early stages of
the disease, the restricted cognitive distur-
bances patients exhibited hardly aVected their
performance on tests which evaluate overall
mental status such as the MMSE.

This study has several limitations. It was
based on small sample size, thus limiting the
generalisation of our findings. In addition, our
psychiatric diagnoses were based mainly on a
neuropsychiatric rating scale and not on
clinical diagnoses. Future studies would benefit
from including a larger sample and complete
clinical and neuropsychiatric evaluations.

Neuropsychiatric assessment may be helpful
to better understand CBD and to better man-
age patients with this disorder. Future studies
need to investigate whether depression in
patients with CBD may benefit from treatment
with antidepressant agents.

We are grateful to the patients and their relatives for their kind
cooperation in our research project and to Mrs Devee Schoen-
berg for her skillful editorial assistance. This study was
supported by an NIA Alzheimer Disease Center grant (AG
10123) and the Sidell-Kogan Foundation. The work was
presented in part at the 122nd Annual Meeting of the American
Neurological Association, San Diego, California, 28 September
to 1 October 1997.
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