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Abstract

Depression is one of the most frequent neuropsychiatric symptoms in corticobasal degeneration (CBD), a rare, sporadic, and
late-onset progressive neurodegenerative disorder of unknown etiology. It is clinically characterized by a levodopa-poorly
responsible akinetic-rigid syndrome, apraxia, limb dystonia, cognitive, mood, behavioral, and language disorders. This
4-repeat (4R) tauopathy is morphologically featured by asymmetric frontoparietal atrophy, neuronal loss, and gliosis in cortex
and subcortex including substantia nigra, ballooned/achromatic neurons with filamentous 4R tau aggregates in cortex and
striatum, widespread thread-like structures, pathognomonic "astroglial plaques”, "tufted astrocytes", and numerous "coiled
bodies" (in astrocytes and oligodendroglia) in cerebral white matter. CBD is non-specific, as pathologically proven cases
include several clinical phenotypes. Pubmed and Google Scholar were systematically analyzed until October 2023, with focus
on the prevalence, clinical manifestation, neuroimaging data, and treatment options of depression in CBD. Its prevalence
is about 30-40% which is more frequent than in most other atypical parkinsonian syndromes. Depression usually does not
correlate with motor and other clinical parameters, suggesting different pathophysiological mechanisms. Asymmetric atrophy
and hypometabolism of frontoparietal cortical areas are associated with disruption of fronto-subcortical circuits, nigrostriatal
dopaminergic, and cholinergic deficiency. Since no specific neuroimaging, neuropathological, or biomarker studies of depres-
sion in CBD are available, its pathobiological mechanisms and pathogenesis are poorly understood. Antidepressive therapy
may be useful, but is often poorly tolerated. Depression in CBD, like in other parkinsonian syndromes, may be related to
multi-regional patterns of cerebral disturbances and complex pathogenic mechanisms that deserve further elucidation as a
basis for early diagnosis and adequate treatment to improve the quality of life in this fatal disease.
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Abbreviations Introduction

4R 4-Repeat

AD  Alzheimer disease Depression, a highly prevalent psychiatric disorder and
CBD Corticobasal degeneration common cause of disability worldwide, is commonly asso-
CBS Corticobasal syndrome ciated with neurodegenerative diseases, Alzheimer (AD),
CSF  Cerebrospinal fluid Parkinson (PD) and Huntington disease, amyotrophic lat-
PD Parkinson disease eral sclerosis or atypical parkinsonian syndromes, with a
PSP  Progressive supranuclear palsy prevalence of 23-50%. Over the past decades, some of the
SN Substantia nigra pathophysiological and molecular mechanisms that contrib-

ute to these co-morbidities have been elucidated and indi-

cate, despite presenting distinct features, several similari-

ties between the pathobiological mechanisms that lead to

depression and neurodegeneration (Galts et al. 2019; Gupta

54 Kurt A. Jellinger et al. 2023). The possible overlapping mechanisms between

kurt jellinger @univie.ac.at corticobasal degeneration (CBD) (Gibb et al. 1989) and co-

morbid depression are largely unknown, and deserve a criti-
cal discussion.
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CBD, previously described as corticodentatonigral
degeneration with achromatic neurons (Rebeiz et al. 1968),
is a rare, sporadic and late-onset neurodegenerative disorder
with progressive fatal course. This 4-repeat (4R) tauopathy,
morphologically characterized by pathological tau aggre-
gation in neurons and glia in widespread cortical and sub-
cortical regions (Dickson et al. 2002), is a clinically and
neuropathologically heterogenous syndrome, with levodopa-
poorly responsive akinetic rigidity and multiple focal, often
asymmetric symptoms (apraxia, aphasia, "alien limb syn-
drome", dystonia), executive dysfunction, depression, and
various cognitive and behavioral impairments (Armstrong
et al. 2013; Jellinger 2023b; Litvan et al. 1998). The alien
hand or limb syndrome is a phenomenon in which one hand/
limb is not under mind control and acts as if it has a mind of
its own (Lewis-Smith et al. 2020).

CBD is a comparatively rare atypical parkinsonian syn-
drome, with an estimated prevalence of 2.05-2.3/100,000/
year, compared with 4.28-7.1/100,000/year for progres-
sive supranuclear palsy (PSP), another 4R tauopathy
with frequent clinical and pathological similarities (Swal-
low et al. 2022), and an incidence of 0.4/100,000 person-
years. The peak prevalence rate of CBD is in the age group
70-79 years, with higher incidence in men than in women
(Stang et al. 2020), and a disease duration from 5 to 7 (range
2.5-12.5) years (Wenning et al. 1998).

Neuropathology of CBD shows focal, frequently asym-
metric atrophy of frontoparietal cortex and corpus callosum,
depigmented substantia nigra (SN), severe neuronal loss and
gliosis in atrophic cortical and subcortical areas including
SN. Histological hallmarks, but not specific lesions are “bal-
looned” (achromatic) neurons containing 4R tau-positive
neurofibrillary tangles in affected cortices that are chemi-
cally and ultrastructurally identical to those in PSP (Dickson
et al. 2011) but different from those in AD (Tatsumi et al.
2014; Uchihara 2014). Other lesions are small spherical
cytoplasmatic “corticobasal” bodies in SN and pathogno-
monic “astroglial plaques” (tau-positive and, thus, different
from neuritic plaques in AD) in neocortex and striatum, and
"tufted astrocytes" (densely packed 4R tau-positive fibers) in
astroglial processes, "coiled bodies" (coil-like tau-positive
structures) in oligodendroglia and astrocytes in frontal cor-
tex and striatum but uncommon in brainstem (Ling et al.
2016), and thread-like (tau-positive) structures in oligoden-
droglia in cerebral white matter. The presence of "astrocytic
plaques" and tufted astrocytes differentiates CBD from PSP,
with distal-dominant aggregation of "astrocytic plaques" and
pretangles in CBD versus their proximal-dominant aggrega-
tion in PSP (Yoshida 2014).

CBD is a clinically and morphologically heterogenous
disorder, as the major clinical features of pathologically
proven forms include at least four phenotypes (Armstrong
et al. 2013) that encompass: (1) corticobasal syndrome
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(CBS), (2) frontal behavioral-spatial syndrome (FBS),
(3) nonfluent/agrammatic variant of primary progressive
aphasia (nfvPPA), and (4) PSP-Richardson's syndrome
(CBD-RS) (Shimohata et al. 2015) (Table 1). Since the
characteristic clinical features were explained by a distinct
topographical distribution of degenerative lesions, the term
"corticobasal syndrome" was coined (Cordato et al. 2001),
referring to the shared clinical features of the various mor-
phological presentations. The term CBD was limited to the
neuropathological presentation, while CBS referred to a
clinical phenotype presenting with specific signs and symp-
toms. CBS, a clinical syndrome characterized by a combi-
nation of akinetic-rigidity, bradykinesia, dystonia, dyspha-
gia, ideomotor apraxia, myoclonus, cortical sensory loss,
cognitive, behavioral, mood, and language impairments, is
associated with a series of pathologies beyond CBD. In a
cohort of CBS patients, CBD (24%), PSP, frontotemporal
lobar degeneration (FTLD), Lewy body dementia (DLB),
and other pathologies, such as TDP-43 encephalopathy, cer-
ebrovascular disorders, argyrophilic grain disease, another
4R tauopathy with temporal predilection, or co-morbid AD
pathology (present in 59% of CBS cases) were found (Koga
et al. 2022; Sainouchi et al. 2022; Shir et al. 2023). In a
small series of 4R tauopathies, however, no cases following
the CBD criteria were found (Yokota et al. 2023). The well-
described PSP-like Richardson's syndrome (about 25% of
sporadic CBD cases), with early-onset postural instability,
falls, axial rigidity, dysphagia, motor disability, vertebral
gaze palsy, pseudobulbar palsy, and cognitive dysfunction
(Williams et al. 2005), is associated with more severe neu-
ronal loss in medial SN and higher tau burden in medulla
and cerebellum, hindbrain-predominant tau pathology, while
PSP-RS shows greater tau burden in frontoparietal corti-
ces and putamen, i.e., forebrain-accentuated tau pathology
(Kouri et al. 2011). Other CBD variants manifest as predom-
inant cognitive, dysexecutive-behavioral, language-impaired
or other atypical syndromes (Armstrong et al. 2013; Koga
et al. 2022; Parmera et al. 2022). Since a detailed descrip-
tion of the neuropathology of CBD, its clinical and morpho-
logical phenotypes has been published recently (Jellinger
2023b; Koga et al. 2022), they will not be presented in this
brief overview that will concentrate on depression in CBD/
CBS, based on systematic literature research in PubMed and
Google Scholar until October 2023.

Diagnostic principles and epidemiology

Depression is common in CBD, but usually does not cor-
relate with any other motor, cognitive or behavioral pres-
entation (Litvan et al. 1998). Like in PD and other par-
kinsonian disorders, the clinical diagnosis of depression
should be based on standard critical criteria according to
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Table 1 Clinical phenotypes

. . Syndrome
of corticobasal degeneration

Features

(modified from Armstrong et al.

Probable corticobasal syndrome
2013; Jellinger 2023b)

Progressive supranuclear palsy-like syndrome
(Richardson's syndrome—CBD-RS)

Frontal behavioral-spatial syndrome (FBS)

Non-fluent/agrammatic variant of primary pro-

gressive aphasia (nfPPA)

CBD + TDP-43 pathology

Asymmetric presentation of two of the following:
Limb rigidity or akinesia

Limb dystonia

Limb myoclonus

Plus two of the following:

Orobuccal or limb apraxia

Cortical sensory deficit

Alien limb phenomenon (more than simple levitation)
Frontal behavioral syndrome

Three of the following:

Axial or symmetric limb rigidity or akinesia
Postural instability or falls

Limb ataxia, dystonia,

Urinary incontinence

Behavioral changes

Supranuclear vertical gaze palsy

Decreased velocity of vertical saccades

Two of the following:

Executive dysfunction

Behavioral or personality changes
Visuospatial deficits

Effortful, agrammatic speech plus at least one of the
following:

Impaired grammar/sentence comprehension with rela-
tively preserved single-word comprehension

Groping, distorted speech production (apraxia of
speech)

Akinesia

(Axial) rigidity

Postural instability or early falls

Vertical supranuclear gaze palsy

CBD corticobasal degeneration

the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5), which includes depressed mood, loss of energy,
decreased ability to concentrate, irritability, inappropriate
feeling of guilt, loss or gain of appetite, insomnia or hyper-
somnia, pessimism about future, recurrent thoughts of death
and others (American Psychiatric Association 2013). The
Beck Depression Inventory II (BDI-II) is a reliable and valid
tool for the assessment of depression in CBD, and there is
a correlation between higher BDI-II scores and lower qual-
ity of life, irrespective of motor and cognitive symptoms
(Cuoco et al. 2021). Self-reporting of depressive symptoms
uses the Geriatric Depression Scale that includes five symp-
toms (dysphoria, hopelessness, withdrawal, worry, and cog-
nitive concerns) and accurately predicted depression at a rate
between 70 and 84% (Shdo et al. 2020).

CBD/CBS patients show a higher frequency of depres-
sive disorders compared with PD (global frequency 30.7%)
(Aarsland et al. 2001; Chendo et al. 2022; Jellinger 2022;
Wenning et al. 1998), multiple system atrophy (MSA) (mean
frequency 38-41%) (Kollensperger et al. 2010), and PSP
(27-59%, median 30%) (Bower et al. 2021; Campagnolo
et al. 2023; Jellinger 2023a). The prevalence of depression

in CBD varied: 22% (Geda et al. 2007), 77% (Litvan et al.
1998), or 54% (Belvisi et al. 2018). The prevalence of sui-
cidal and death ideation (SDI) in patients with CBD was
29.2% and those with PSP 27.2%, which was significantly
higher than that in patients with PD before and after pro-
pensity score matching (p < 0.05). Multivariate analysis
indicated that higher non-motor symptoms and depression
were independently associated with the occurrence of SDI in
patients with CBS/CBD (p <0.05) (Ou et al. 2020).

CBD depression and other symptoms

Like in many other neurodegenerative diseases, CBD can
manifest as depression in the prodromal phase, before the
onset of core symptoms (Tateno et al. 2023). Patients with
CBD (and PSP) usually have depression early in their dis-
ease by showing hopelessness as one of the primary features
in their depressive symptom profiles. Many patients with
CBD report levels of hopefulness 2.5 standard deviation
higher than the average healthy older adult (PSP around 3
SDs) (Shdo et al. 2020). The ENGENE-PSP Study Group in
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a majority of relevant studies reported elevated depression in
CBS (Gerstenecker et al. 2013) and experienced depression
rather than apathy, whereas the latter was predominant in
PSP (Bruns and Josephs 2013).

Magnitude of hopelessness may help to diagnostically
classify CBS (and PSP) patients in the earliest stages of
disease (Shdo et al. 2020). At the initial visit, the mean
BDI scores for CBD were 13.4 4+ 98.4 points, compared to
10.4 + 7.4 points for PD, 12.6 + 7.5 points for MSA, and
13.7 £ 7.7 points for PSP. The severity of depressive symp-
toms at initial visit for CBD was 23% mild, 12% moder-
ate and 7% severe, which was higher than for PSP and PD
patients. A comparison of the cumulative incidence of newly
diagnosed depressive symptoms over 2 and 3 years follow-
up detected 45% of patients with depressive symptoms
among CBD patients after 24 and 36 months compared to
61% and 78% of PSP patients, and the lowest percentage in
the PD group (Almeida et al. 2017).

As recently described, most if not all CBD patients, in
addition to depressive symptoms, develop cognitive impair-
ment and behavioral abnormalities, while symptoms of
depression, also being the earliest presenting evidence of
CBD (similar to PD and PSP), are often overlooked due
to clinical overlap between these conditions (Ahmad et al.
2023; Bruns and Josephs 2013; Jellinger 2023b).

Neuroimaging and neuropathological
findings

CBD patients show asymmetric frontoparietal atrophy con-
tralateral to the clinically affected regions, affection of the
perirolandic cortex and atrophy of putamen and anterior cor-
pus callosum (I1l4n-Gala et al. 2022). They are characterized
by early degeneration of brain regions related to reward and
emotion, e.g., basal ganglia and other subcortical structures
(Gardner et al. 2013; Lee et al. 2011). One CBD patient with
depression showed atrophy of the right parietal lobe and
decreased blood flow in parietal lobes and posterior cingu-
late gyrus (Tarakita et al. 2017).

SPECT studies showed significantly decreased regional
cerebral blood flow in frontoparietal cortex and thalamus
opposite to the predominantly affected side (Huang et al.
2007; Lu et al. 1998). A meta-analysis reported gray mat-
ter loss in frontal, temporal and occipital lobes, bilateral
thalamus and middle frontal gyrus, atrophy in frontomedian/
midcingulate cortex, and premotor/supplementary motor
area seemed to be specific for CBD (Albrecht et al. 2017),
but cortical rather than thalamic atrophy was a major imag-
ing correlate in CBD (Whitwell et al. 2010).

Earlier studies reported reduced '3F-6-fluorodopa uptake
in striatum and significantly depressed oxygen metabolism
in posterior frontal lobe, temporal and inferior parietal
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cortices (Sawle et al. 1991). FDG-PET revealed hypometab-
olism in frontoparietal and occipital cortices with involve-
ment of ipsilateral striatum and thalamus (Franceschi et al.
2020; Pardini et al. 2019). CBS showed cholinergic deficits
in thalamus, frontal, parietal and occipital cortices (Hirano
et al. 2010). Like other atypical parkinsonian syndromes,
CBD is characterized by both pre- and postsynaptic deficien-
cies, with reduction of striatal dopamine synthesis, storage
and release (Nikolaus et al. 2007) and reduced dopamine
transporter availability in putamen and thalamus (Mille
et al. 2017). Other biochemical deficits include a marked
loss of noradrenaline and serotonin due to the involvement of
locus coeruleus and raphe nuclei (Litvan et al. 1998). CBD
patients with negative PiB-PET (demonstrating § amyloid
deposition) showed hypometabolism in posterior temporo-
parietal areas, thalamus and brainstem (Parmera et al. 2021).

Functional MR studies in CBD revealed increased con-
nectivity between default mode network, dorsal attention
and mood networks, and decreased connectivity within these
networks (Whiteside et al. 2023).

Whereas there are many network studies related to move-
ment, language and cognitive disorders, apraxia, alien limb,
etc., demonstrating dysfunctions of subcortical projections
to premotor and supplementary motor circuits (Garraux
et al. 2000) and indicating the importance of disturbed func-
tional connectivity over structural lesions (Ballarini et al.
2020; Jo et al. 2021; Tetreault et al. 2020), to the best of our
knowledge, no neuroimaging and network studies related to
depression in CBD are available.

Neuropathological data of CBD associated with depres-
sion exist only in two case reports. A woman aged 65 years
presenting with forgetfulness, depression and violent
actions, but no limb apraxia died 12 years after onset of
symptoms. Neuropathology showed circumscribed atrophy
of bilateral frontal lobe, caudate nucleus and SN, neuronal
loss, status spongiosus and ballooned neurons in cortex, neu-
ron loss and gliosis in dorsomedial thalamus, nucleus basa-
lis of Meynert, SN, subthalamic nucleus hippocampus and
pontine tegmentum. Neurofibrillary tangles were present in
these areas as were numerous argyrophilic and tau-positive
threads in cerebral white matter. In addition to these find-
ings corresponding to CBD and those for PSP, widespread
iron deposition throughout the CNS were a unique finding
not being reported in the literature to date (Mizuno et al.
2002). The second was a male aged 52 years, who presented
with visual problems, falls, dysarthria, eyelid apraxia, brad-
ykinesia, neck rigidity, and depression; death at age 55.
Neuropathology showed diffuse tau lesions in subcortical
white matter, ballooned neurons in cingulate cortex, neu-
rofibrillary tangles in hippocampus, entorhinal cortex and
nucleus basalis of Meynert, many tau-positive threads in
gray and white matter astrocytic plaques, pretangles and
sparse oligodendroglial coiled bodies (Bayram et al. 2020)
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(case 1). Thus, with the exception of iron deposition in the
first case, neuropathology in both patients with depression
corresponded to classical CBD.

Biomarkers

Clinical features that can predict the underlying pathology of
CBS remain unclear. Using AD-related biomarkers (A, tau)
may help distinguish tauopathies from AD, but remain chal-
lenging for CBD (and PSP). Antemortem tau-PET uptake
corresponded with quantitatively assessed 4R tau burden
in basal ganglia, precentral cortex, operculum and supple-
mentary motor areas, often showing an asymmetrical pattern
(Ali et al. 2018; Koga et al. 2023; McMillan et al. 2016).
Cerebrospinal fluid (CSF) analysis showed AD-specific pat-
tern with reduction of Ap-42, increased total and phospho-
tau, as well as increased neurofilament light chain, all these
findings, however, being non-specific (Jabbari et al. 2020;
Koga et al. 2022); while CSF levels of soluble amyloid pro-
tein precursor o (SAPPa) were significantly lower in CBS
with depression (and PSP) than in AD (Tang et al. 2020).
Plasma ptau 217 differentiated CBS from other 4R-tauop-
athy-associated syndromes (VandeVrede et al. 2023). CSF
biomarkers need to be validated in larger samples of patho-
logically confirmed cases.

Treatment options

There are currently no disease-modifying treatment for CBD
(or PSP) and no approved pharmacological or paramedi-
cal treatments that are effective in controlling or relieving
their symptoms. The use of most pharmacological treatment
options is based on experience in other disorders, from non-
randomized historical controls or small case series. Poor
response to levodopa forms part of the consensus criteria
of CBD (Armstrong et al. 2013). Antidepressants may be
useful for depression but are often poorly tolerated due to
adverse effects (Lamb et al. 2016). In the absence of an
effective drug treatment to target the underlying cause of
the disease, management should focus on optimizing quality
of life, reducing symptoms, and assisting patients with their
activities of daily living, which needs a multidisciplinary
cooperation of neurologists, physiotherapists, occupational
and language therapists, and palliative care specialists.

Conclusions and outlook

The pattern of cortical and subcortical neuropathologi-
cal lesions in CBD should predict a specific clinical pro-
file in this rare 4R tauopathy, which is characterized by a
combination of akinesia/rigidity, limb dystonia, apraxia,

language problems, cognitive, executive, behavioral
impairment, and depression, the latter often being the
early evidence of CBD, which usually may not correlate
with most of the other clinical parameters. Patients with
CBD show a specific dysexecutive syndrome, likely due
to degeneration of prefrontal cortex and basal ganglia
with disruption of fronto-subcortical networks, asym-
metric praxia disorders, related to premotor and parietal
lobe lesions and reduced connections of related neuronal
networks, cognitive and behavioral changes, related to
asymmetric prefronto-parieto-limbic atrophies and net-
work dysfunctions. This complex syndrome is frequently
associated with and complicated by severe depression
that is particularly important due to its negative impact
on the course of the disease. In comparison to depres-
sion in PD, the complex pathogenic mechanisms of which
have been widely elucidated by modern neuroimaging and
neuropathological studies (see Jellinger 2022), almost no
functional imaging, neurochemical, and neuropathological
studies about the pathomechanisms of depression in CBD
are available. In addition to the well-documented depletion
of the nigrostriatal dopaminergic functions, involvement
of the noradrenergic and serotonergic systems that are
generally associated with depressive symptoms, limited
neuroimaging studies suggest a multi-regional degenera-
tion with atrophy and hypometabolism in frontal cortex,
thalamus and basal ganglia with dysfunction of prefronto-
subcortical and other mood-related circuits. Despite avail-
able standard diagnostic criteria, depression in CBD as
well as in other atypical parkinsonian syndromes is still
underdiagnosed and difficult to be treated. No specific fluid
biomarkers are currently available, since the existing ones
are non-specific, and no controlled studies have investi-
gated the treatment of depression and other neuropsy-
chiatric symptoms (Berardelli et al. 2019). Prospective
assessment and validation of depressive signs and symp-
toms in CBD will be improved by the combined use of
modern neuroimaging data and specific fluid biomarkers.
Furthermore, neuropathological assessment is required for
elucidation of the pathobiological mechanisms underlying
the morphological and biochemical substrate of co-morbid
depression and its interrelationship with other symptoms
in CBD. For this purpose, it will be necessary to conduct
prospective clinicopathological cohort studies to get more
insight into the molecular mechanisms of depression in
CBD as a basis for an adequate treatment to improve the
quality of life in this devastating and hitherto untreatable
disease.
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