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ABSTRACT

Dementia with Lewy bodies (DLB) is characterized by its heterogeneity. 
In this thesis, I aim to investigate this clinical heterogeneity through the 
analysis of the different clinical subtypes based both on the predominant 
presentation features at the prodromal phase of the disease and by the 
assessment of sleep disorders, focusing on REM sleep behaviour disorder 
(RBD). I also investigate the role of glial activity in DLB by measuring the 
levels in cerebrospinal fluid (CSF) of glial proteins YKL-40, soluble TREM2 
(sTREM2) and progranulin and its relationship with Alzheimer’s disease 
(AD) biomarkers.

Patients with a clinical diagnosis of probable DLB were consecutively recruit-
ed during the period of this thesis. To capture the predominant clinical on-
set, I calculated the relative duration of each core symptom respective to 
the total disease duration from onset to fulfilment of probable DLB criteria. 
A K-means clustering method based on the initial clinical presentation was 
applied. A subset of patients also underwent a specific assessment of sleep 
including sleep scales and video-polysomnography (V-PSG). For the study of 
glial markers, we also included patients with prodromal DLB (prodDLB), AD 
dementia, prodromal AD (prodAD), and cognitively normal volunteers (CN). 
In this thesis I report three different clinical subtypes in DLB resulted from 
the cluster analysis performed. The cognitive-predominant subtype was 
the main subgroup obtained and was featured by a cognitive onset and 
a longer prodromal phase. Patients in the neuropsychiatric-predominant 
subtype were older at disease onset and were characterised by the predom-
inance of hallucinations during the early stage. Patients in the parkinson-
ism-predominant subtype showed a faster decline until a dementia stage 
and a shorter time from onset to presence of parkinsonism. Regarding the 
sleep disturbances, a wide range of alterations were found in the subset 
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of patients specifically evaluated. Abnormalities in sleep-wake architecture 
were especially frequent. RBD was diagnosed in 50% of the studied pa-
tients, in most cases preceding the onset of cognitive impairment. Mimics 
of RBD were hallucinatory-like behaviours, severe obstructive sleep apnea 
and prominent periodic limb movements in sleep. Occipital EEG frequency 
while awake negatively correlated with the rate of electromyographic activ-
ity in REM sleep. Concerning glial markers, YKL-40, sTREM2 and progran-
ulin levels did not differ between DLB groups and CN. However, YKL-40 
levels, but not sTREM2 or PGRN, were higher in DLB patients who had a 
CSF profile suggestive of AD copathology than those without. In DLB and 
prodDLB, only YKL-40 correlated with t-tau and p-tau.

To conclude, this thesis investigates the heterogeneity in DLB and reports 
three clinical subtypes with different clinical profiles and progression pat-
terns defined by the predominant features during its prodromal phase as 
well as the variety and complexity of sleep disorders in DLB, highlighting 
the need of V-PSG to properly identify them. This thesis also emphasises 
that CSF glial markers sTREM2 and PGRN are not increased in DLB and 
that YKL-40 is only increased in DLB patients with an AD biomarker profile, 
suggesting that this increase is driven by AD copathology.
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LIST OF ABBREVIATIONS

123Iodine-MIBG: Metaiodobenzylguanidine myocardial scintigraphy
Aβ:  Amyloid β
AD:  Alzheimer ’s disease
ADNI:  Alzheimer Disease Neuroimaging Initiative
AHI:  apnea-hypopnea index
ALS:  Amyotrophic lateral sclerosis
APOE:  Apolipoprotein E
CAF:  Clinician Assessment of Fluctuations
CBD:  Corticobasal degeneration
CN:  Cognitively normal
CNS:  Central nervous system
CPAP: continuous positive airway pressure
CT:  Computerized tomography
CSF:  Cerebrospinal fluid
DAT:  Dopamine Transporter
DaTScan:  Dopamine transporter SPECT
DLB:  Dementia with Lewy bodies
EEG:  Electroencephalography
EMG:  electromyography
EOG:  electrooculography
FDG-PET:  Fludeoxiglucose positron emission tomography
FDS:  flexor digitorum superficialis
FTD:  Frontotemporal dementia
FTLD:  Frontotemporal lobar degeneration
GWAS:  Genome wide association study
iRBD:  idiopatic RBD
LB:  Lewy bodies
LN:  Lewy neurites
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MCI:  Mild cognitive impairment
MMSE:  Minimental state examination
MoCA:  Montreal cognitive assessment
MRI:  Magnetic resonance imaging
MTL:  Medial temporal lobe
MS:  Multiple sclerosis
MSA:  Multisystem atrophy
MSQ:  Mayo sleep questionnaire
o-α-synuclein:  Oligomeric α-synuclein
ODFAS:  One Day Fluctuation Assessment Scale
p-α-synuclein:  α-synuclein phosphorylated at Serine 129
PD:  Parkinson disease
PDD:  Parkinson disease dementia
PET:  Positron emission tomography
PGRN:  Progranulin protein
PLMS:  Periodic limb movements in sleep
ProdAD:  Prodromal AD
ProdDLB:  Prodromal DLB
PSP:  Progressive supranuclear palsy
RBD:  rapid-eye-movement sleep behavior disorder
REM:  Rapid eye movement
NREM:  non-rapid-eye-movement
SN:  Substantia nigra
sTREM2:  Soluble TREM2
TLR:  Toll like receptor 
TMT:  Trail making test
TNF:  Tumoral necrosis factor
TREM2:  Triggering receptor expressed on myeloid cell 2
UPDRS:  Unified Parkinson disease rating scale
V-PSG:  Video-polysomnography 
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OUTLINE

This thesis aims to study the clinical heterogeneity of DLB. To achieve this 
objective, I have focused on the study of the clinical subtypes within the 
DLB syndrome with particular emphasis on the predominant clinical fea-
tures of early disease. I have also studied the etiologic heterogeneity of the 
frequent sleep disturbances studied clinically and neurophysiologically by 
V-PSG and its implications in the clinical management and diagnosis. Final-
ly, I have measured the biochemical markers of glial activation in CSF that 
may help in the identification of underlying neuropathological factors that 
contribute to this clinical heterogeneity.

This work has led to the publication of three articles, which have been 
included in this thesis, corresponding to the three objectives of this thesis. 
They are presented in Chapters III, IV and V. I have also included 6 articles 
as annexes to the main body of this thesis due to its relevance for the gen-
eral discussion and related to the theme of this thesis.

Chapter I provides a general introduction to DLB from a clinical and patho-
logical perspective and highlights the challenges in the diagnosis of this entity. 
From a clinical point of view, I highlight the important clinical heterogeneity 
present in the disease and the lack of diagnostic criteria for its prodromal phase 
as well as the etiological variety of the sleep disturbances that can influence the 
diagnosis and clinical management in a clinical setting. From a pathological 
point of view, I emphasise the presence of a frequent AD copathology that can 
influence the clinical heterogeneity and the relevance of the accompaniment of 
a glial contribution to synucleinopathies and specifically to DLB.

Chapter II presents the hypothesis and objectives of this thesis.



17

Chapter III describes the existence of three clinical subtypes of DLB with 
different evolutions, based on the symptomatology that predominates in the 
clinical onset of DLB and that were obtained by cluster analysis (K-means). 
It responds to hypothesis and objective 1.

Chapter IV assesses hypothesis and objective 2, elucidating the clinical and 
etiological heterogeneity of sleep disturbances in DLB confirming the need 
of a V-PSG for the correct diagnosis and management of them that may 
have important implications in the diagnosis and management of DLB.

Chapter V answers hypothesis and objective 3 and studies the difference in 
the CSF levels of the glial markers YKL-40, sTREM2 and PGRN in DLB com-
pared to AD and its prodromal phases and the influence that AD copathol-
ogy, reflected by core AD biomarkers, has on glial activity markers in DLB.

Chapter VI contains a summary of the results of the thesis.

Chapter VII presents a general and integrated discussion of the main re-
sults and remarks the importance of recognising the prodromal phases of 
the DLB as well as the knowledge of the diverse phenotypes to allow a 
deeper understanding of this disease.

Finally, it includes a future directions section based on questions that arise 
from this thesis that need further investigation.
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1. CHAPTER I: INTRODUCTION

1.1. History: from the discovery of Lewy Bodies to the  
current diagnostic criteria for Dementia with Lewy 
bodies

Lewy bodies were first described in 1912 by Friedrich Heinrich Lewy in his 
first publication on paralysis agitans, a disease that nowadays is known as 
Parkinson Disease (PD) (1). 

However, at the time of their discovery, the relationship of Lewy bodies  to cog-
nitive impairment was totally neglected, and were believed  to be associated 
with a purely motor disease (1). With the exception of some rare case reports 
(2,3), the concept of a dementia linked to Lewy bodies had to wait until the 
70´s, when Kenji Kosaka and collaborators described several cases suffering 
progressive dementia and parkinsonism who presented with a neuropatholo-
gy defined by cortical Lewy bodies (4,5). Subsequently, several similar series 
of patients with a clinical syndrome consistent of dementia and parkinson-
ism, and with a neuropathology characterized by cortical Lewy bodies with a 
variable degree of AD copathology were reported (6,7). These reports led to 
the inclusion of cortical Lewy bodies as a possible etiology for dementia, and 
the consideration of Dementia due to Lewy bodies within the differential di-
agnosis of dementia syndromes (7). Dementia with cortical Lewy bodies was 
thought to be a rare disease until 1992 when the first operational diagnostic 
criteria of senile dementia of Lewy Body type were issued (3). 

In 1996, the first international consensus diagnostic criteria were published 
(8). Among the diverse terminology that had been used in the previous re-
ports, the authors agreed on the denomination Dementia with Lewy bodies 
(DLB) to name the dementia syndrome characterized by a combination of 
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fluctuating cognition, recurrent visual hallucinations and parkinsonism (8). 
However, a number of controversies arose from these criteria, which mostly 
stemmed from the high prevalence of Alzheimer ’s disease (AD) copathol-
ogy. Of note, the concept of a variant of AD with Lewy bodies challenged 
these criteria depending on the requirement of both tangles and plaques to 
make a diagnosis of AD or if merely the presence of plaques alone was con-
sidered enough to diagnose AD. The low sensitivity of the criteria reported 
in subsequent studies was another important problem to solve and made 
evident that few cases were positively identified using these diagnostic cri-
teria (9). It wasn´t until 1997 that Spillantini and colleagues discovered 
the main component of these pathological inclusions, α-synuclein (10) .
The first international consensus diagnostic criteria were revised in 2005. 
In this revision, experts emphasized the diagnostic importance of several 
previous supportive features, such as sleep disturbances, altered dopamin-
ergic imaging, and the hypersensitivity to neuroleptics. Neuropathological 
diagnostic criteria were also reviewed, incorporating the probability of the 
clinical syndrome to be due to DLB or AD (11).

Figure 1: Timeline of main events and progression of diagnostic criteria of DLB

 

 

F. Lewy discovered the Lewy bodies in Paralysis agitans

K. Kosaka and cols. suggested the existence of a dementia due to cortical Lewy bodies
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First international Consensus Diagnostic Criteria
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Review of the first International Consensus Diagnostic Criteria: third report of the DLB Consortium
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1.1.1. Disambiguation

As we have seen, the term DLB is relatively new and was consolidated in 
1996 in the first consensus diagnostic criteria. Up to that point, the dis-
ease had had several denominations (8). Still today, maybe due to the low 
awareness of some aspects of the disease, and its overlap with PD and AD, 
a certain confusion in terms and concepts persists. In table 1 we summarize 
and disambiguate key DLB terminology.

Table 1. Definition of the main terms related to DLB

TERM DEFINITION

DLB Dementia with Lewy bodies as defined in the first section

Dementia in PD (PDD) The dementia syndrome developed once a well-established PD is 
diagnosed. It is developed within the evolution of PD.

Lewy body dementia Refers to DLB and PDD and indicates any type of dementia in 
which Lewy bodies are the main pathological finding.

Lewy body disease The set of neurodegenerative diseases in which the main neuro-
pathologic finding is Lewy bodies, namely, PD, PDD, DLB and mul-
tisystem Atrophy (MSA).

Variant of AD with Lewy bodies AD with Lewy bodies restricted to the amygdala and absent from 
all other brain regions.

1.2. Dementia with Lewy Bodies from a clinical point  
of view 

1.2.1. Definition and current diagnostic criteria 

DLB represents 10 to 15% of all dementia cases, and is the second most 
common form of neurodegenerative dementia after Alzheimer´s disease 
(9). DLB is clinically defined by a syndrome consistent with progressive de-
mentia associated with a variable combination of visual hallucinations, fluc-
tuations, parkinsonism and REM sleep behavior disorder (RBD) (12,13). 
Current clinical diagnostic criteria for DLB are summarized in Figure 2 (13) 
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Figure 2: Clinical diagnostic criteria for DLB according the fourth International Consensus

Dementia, understood as a progressive cognitive deterioration which  inter-
feres with the normal performance of an individual, is essential for the di-
agnosis of DLB (13). This cognitive decline in the context of DLB is featured 
by a relatively well conserved performance in memory tasks, and a more 
severe impairment of attention, executive and visual processing cognitive 
domains (14,15). Good scores in Memory and object naming with lower 
scores in processing speed and alternating attention are typical (14,15). 
Spatial and perceptual impairment are frequently detected in neuropsycho-
logical tests even early in the disease course (16,17).

Parkinsonism is the most common feature accompanying dementia in DLB. 
More than 85% of patients present spontaneous parkinsonian features in the 
disease course (13). In contrast to PD, only bradykinesia, rest tremor or rigidity 
in isolation is sufficient to diagnose parkinsonism in the context of DLB (13). 
In DLB patients, parkinsonism tends to be bilateral and symmetric and more 
bradykinetic than tremoric, with very frequent non-dopaminergic symptoms as 
frequent falls and hypomimia that can be often presenting symptoms (11,18).

DEMENTIA

Diagnosis of PROBABLE DLB:
> 2 CORE / 1 CORE + any indicative biomarker

Diagnosis of POSIBLE DLB:
1 CORE / any indicative biomarker

CLINICAL FEATURES BIOMARKERS

CORE

• Recurrent visual hallucinations

• Parkinson

• RBD

• Cognitive fluctuations

INDICATIVE

• Reduced dopamine transporter uptake in  
 basal ganglia by PET/SPECT 

• Abnormal 123iodine-MIBG myocardial scintigrafy

• RBD by polysomnography
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Visual hallucinations are frequent in DLB, but despite having long been 
considered a hallmark of the disease, they are not a pathognomonic symp-
tom and are not always present in DLB. When present, they are typically 
well formed, featuring people or animals, and very often well described by 
the patients. DLB patients have a variable capacity to critique the halluci-
nations and frequently have an emotional reaction to them despite being 
aware, in most cases, that the hallucinations are not real. They might also 
show a relative indifference to them more often than is the case for patients 
with other dementias (11,13).

Fluctuations are described as spontaneous alterations in cognition, atten-
tion and arousal including episodes of incoherent speech, behavioral var-
iations and variable attention. However, even when they are frequent and 
typical, detection is difficult, and similar phenomenology can be present 
in other neurodegenerative dementias later in the disease course (13,19). 
There are several proposed scales for quantifying fluctuations (20).

Sleep disturbances, mainly RBD, are extremely frequent in DLB, influencing 
greatly the clinical picture and the quality of life in DLB patients. Conse-
quently, the detection and treatment of sleep disturbances is crucial for the 
correct management of the disease (21–23). Other pathologies mimicking 
RBD are also very common and can make diagnosis and management diffi-
cult. We will discuss this aspect in more detail in the next section.

1.2.2. Biomarkers in Dementia with Lewy bodies

The main changes between the current clinical diagnostic criteria and the 
previous ones published in 2005 is a clear separation between clinical fea-
tures and biomarkers, and an emphasis on the importance of RBD in the 
diagnosis of DLB (13).
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Although there is no available biomarker to reflect Lewy body pathology, 
several other biomarkers are used in research studies and clinical practice. 
Moreover, in accordance with the new clinical diagnostic criteria for DLB, 
we can even state a diagnosis of DLB based on indicative biomarkers in the 
absence of any core clinical feature (13). The more clinical relevant bio-
markers according to the last consensus diagnostic criteria are:

1.2.2.1. Indicative biomarkers.

Video-polysomnography (V-PSG). The demonstration of RBD or REM 
sleep without atonia is highly specific of an underlying synucleinopathy 
(22,23). As a result, the presence of a confirmative V-PSG alone is enough 
to make a diagnosis of DLB in a patient with dementia in the absence of any 
other core feature or biomarker (13). The following section and Chapter IV 
will address the relevance of this test in more detail.

Dopamine transporter (DAT) imaging. A decreased DAT uptake in basal 
ganglia, demonstrated by SPECT and PET imaging, can differentiate DLB 
from AD with a sensitivity and specificity of 78 and 90% respectively (24). 
It can also rule out the possibility of other overlapping syndromes, such as 
MSA, progressive supranuclear palsy (PSP) or corticobasal degeneration 
(CBD) (25,26). Nevertheless, normal DAT imaging is also possible as a re-
sult of symmetrical and balanced damage to the whole striatum rather than 
asymmetrical and predominant uptake reduction in the putamen (25,26). 
There are also DLB patients with a scarce brainstem involvement and low 
nigral neuronal loss that may result in a normal DAT imaging (27). 
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Figure 3. A: Abnormal 
DaTScan imaging showing 
bilateral and symmetric 
decreased DAT uptake in a 
DLB patient. B: MRI imaging 
showing the relative  
preservation of MTL 
structures in DLB. 

Metaiodobenzylguanidine myiocardial scintigraphy (123Iodine-MIBG). 
Reduced uptake of 123Iodine-MIBG, a sign of damage to the postganglionic 
sympathetic cardiac innervations (13), is present in PD and DLB but not in 
AD, MSA, PSP or CBD. That being said, the high prevalence of other comor-
bidities in the elderly, such as diabetes mellitus or ischemic heart disease, 
as well as frequently prescribed medications that can alter the result of the 
test, thus reducing the clinical relevance of this biomarker (28). 

1.2.2.2. Supportive biomarkers

Functional neuroimaging. Occipital hypometabolism demonstrated by 
18F-Fluorodeoxiglucose positron emission tomography (FDG-PET) suggests 
a diagnosis of DLB rather than AD and correlates with visual cortex dam-
age with a sensitivity and specificity of 70 and 74% respectively (29–31). 
The cingulate sign is described as the relative preservation of posterior or 
mid-cingulate cortex and is characteristic of DLB (32), correlating with low-
er neurofibrillary tangle burden but not with amyloid pathology (32,33).
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Structural neuroimaging. The relative volume preservation of medial 
temporal lobe (MTL) evidenced by magnetic resonance imaging (MRI) or 
computerized tomography (CT) is suggestive of DLB when compared to 
AD. However, MTL atrophy is possible in DLB and may indicate higher AD 
copathology and faster cognitive decline (34).

Electroencephalography (EEG). A prominent posterior slow-wave EEG 
activity together with the possible presence of alpha/theta/delta activities 
in pseudoperiodic patterns is characteristic of DLB. It has a positive pre-
dictive value higher than 90% and correlates with the severity of clinical 
fluctuations. However, this EEG pattern may be rare in MCI stage (13). 

1.2.2.3. Fluid biomarkers

Even when a diagnostic marker for DLB, either in blood or CSF, remains 
elusive, some biomarkers have been studied in these fluids in DLB. Con-
cerning blood markers, an increase in the albumin CSF/serum ratio has 
been shown in DLB patients, but also in PDD and in stroke patients as a 
result of damage to the blood-brain barrier  that is typical in these diseases 
(35). Higher plasma levels of annexin A5, a calcium and phospholipid bind-
ing protein, and transthyretin protein, which is involved in amyloid β (Aβ) 
clearance and maybe also involved in α-synuclein clearance, have been 
described in DLB, but also in AD (36,37). Blood markers for endothelial 
cell activation have also been reported to be  altered in DLB and  AD (38). 
Several studies have also failed to find specific biochemical markers for 
Lewy-related pathology in CSF. As the main component of Lewy related pa-
thology, α-synuclein has been proposed as a potential biochemical marker 
for diagnosing DLB (39). The role of α-synuclein is not completely under-
stood, but it may be involved in neurotransmitter release, vesicle traffick-
ing, synaptic plasticity, brain lipid metabolism and membrane remodelling 
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(39,40). Previous studies have shown that the CSF levels of α-synuclein are 
decreased in PD and DLB and increased in AD and CJD (41,42). These find-
ings suggest that this protein may not only be a marker of underlying synu-
cleinopathy, but also a marker for synaptic damage and neurodegeneration 
(39,43). Thus, the diagnostic utility of CSF α-synuclein in DLB is limited 
(44). The levels of different species of α-synuclein have also been investi-
gated in DLB and PD, mainly alpha synuclein phosphorylated at Serine 129 
(p-α-synuclein) and oligomeric α-synuclein (o-α-synuclein) (42,45,46). An 
increase in CSF oligomeric α-synuclein has been described in DLB and PDD 
compared to AD (45). A recent study also showed a relative increase in its 
clinical utility when CSF total α-synuclein was combined with CSF total 
tau (44). Other combinations of several markers from diverse origins have 
been proposed to enhance the diagnostic accuracy of α-synuclein (47). 
Nevertheless, none of the described biomarkers are specific for DLB, and 
are usually common to AD and PD. Thus, the search for specific diagnostic 
markers for DLB that reflects the underlying pathophysiology is a research 
priority in the field of neurodegenerative dementias.  

Core AD CSF biomarkers (Aβ40, Aβ42, t-tau and p-tau) have also been in-
vestigated in DLB. Different studies have correlated these AD markers with 
different clinical features in DLB, such as the presence of visual hallucina-
tions or a faster cognitive decline (48). Additionally, AD core biomarkers 
can be useful in the clinical assessment of DLB, as CSF levels of tau and Aβ 
can detect those DLB patients with a higher burden of cortical Lewy body 
related pathology. Thus, these biomarkers can have important implications 
in prognosis and, when available, in the selection of  individuals who could 
benefit from the administration of specific disease-modifying treatments 
that target both α-synuclein and Aβ (49). 
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1.3. Dementia with Lewy bodies from a neuropathologic 
perspective

1.3.1. Definition and current neuropathologic diagnostic 
criteria
 
Pathologically, DLB is defined by the presence of intraneuronal inclusions 
known as Lewy bodies (LB) and Lewy neurites (LN), which are also hall-
marks of PD (11,13). In 1997, Spillantini et al discovered that the main 
component of these inclusions was α-synuclein (10). In DLB, α-synuclein is 
thought to spread inward from the olfactory bulb towards neocortical and 
lower brain areas, which contrasts the PD in which α-synuclein pathology 
is proposed to start in the brainstem and follow an ascendant spreading 
(50). The transmission α-synuclein from cell to cell of via endocytosis has 
been reported in cell models. In those models, dysfunctional quality control 
systems, particularly in lysosomes, promoted the formation of α-synuclein 
intracellular inclusions in the form of Lewy bodies or Lewy neurites (51). 

The presence of Lewy bodies and neurites together with a compatible clinical 
syndrome during life are required for a pathologic confirmation of the DLB 
diagnosis (13). Alzheimer´s disease (AD) related pathology is a common 
comorbid pathology in most patients with a pathological DLB diagnosis (52). 
Considering this frequent AD copathology, the pathological diagnosis of DLB 
is based on the probability that the suggestive clinical syndrome is due to 
α-synuclein pathology, AD pathology or a combination of both. The patholog-
ical diagnostic criteria of DLB are summarized in table 2 (13) 
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Table 2. Likelihood that the clinical syndrome is due to Lewy-related pathology. Based on the patholog-
ic diagnosis scheme published by McKeith et al Neurology 2017.

AD PATHOLOGY

Lewy-related pathology NIA-AA none-low
(Braak 0-II)

NIA-AA intermediate
(Braak III-IV)

NIA-AA High
(Braak V-VI)

Diffuse neocortical High High Intermediate

Limbic (transitional) High Intermediate Low

Brainstem-predominant Low Low Low

Amygdala-predominant Low Low Low

Olfactory bulb only Low Low Low

Substantia Nigra neuronal loss should be assessed as none, mild, moderate and severe to classify 
cases according to the probability of having parkinsonism

1.3.2. Common AD copathology

AD pathology in DLB tends to be more frequent in entorhinal cortex, 
amygdala and putamen (53). The percentage of patients with a diagnosis 
of DLB and AD copathology reported in the literature varies depending on 
whether the studies have been based on a pathological or clinical cohort 
and, in the latter, the method used to detect the suspected AD copathol-
ogy. In neuropathological series, the percentage of DLB patients that also 
present sufficient AD copathology for a secondary pathologic diagnosis of 
AD is around a 50% (49,54). However, if we consider the presence of any 
degree of Alzheimer pathology, roughly 86% of pathologically confirmed 
DLB cases have AD copathology (55). By definition, neuropathological 
studies usually investigate end stage dementia. Therefore, these studies 
likely overestimate the contribution of AD copathology to the DLB phe-
notype. This overestimation may be more evident during the first years of 
the disease especially when considering the synergistic effect of AD and 
Lewy-related pathologies that will be more profoundly explained later in 
this section. 
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In vivo studies are essential to better understand the contribution of AD 
copathology to the clinical phenotype in DLB. Nowadays, Alzheimer’s pa-
thology can be studied in clinical cohorts using the core AD biomarkers in 
CSF and by amyloid imaging. Based on clinical cohorts in which AD copa-
thology was investigated by amyloid imaging we know that concomitant 
Alzheimer’s pathology depends on the age and the APOE genotype in DLB 
patients (56). APOE ɛ4 is a known genetic risk factor for AD (57), but also 
for α-synuclein pathology independently of AD copathology (58,59). Thus, 
AD copathology varies from 63% at 60 years old to 83% at 80 years old in 
APOE ɛ4 carriers DLB patients, and from 29% at 60 years old to 54% at 80 
years old in noncarriers (56). In clinical a cohort studied by CSF biomark-
ers, the percentage of AD copathology suspected by a suggestive biomarker 
profile is 38% (48) But the variation can be high as it depends on the clini-
cal cohort studied (older patients from a Geriatric Unit or younger patients 
from Sleep or Movement disorders clinics).

Figure 4. The AD copathology in DLB: Lewy bodies and Lewy neurites representing Lewy related pa-
thology and neurofibrilary tangles and neuritic plaques representing AD copathology. Neuropathologic 
images courtesy of Marti Colom-Cadena.

In pathological series, the misdiagnosis of DLB, usually as AD, increases up 
to 50%  (60), and is even higher when the cortical extension of α-synuclein 
is lower and the neuritic plaque burden is higher (61). Thus, the neuro-
pathological diagnosis is crucial to properly detect DLB, the dementia  most 
often misdiagnosed as other diseases (62). 

Lewy related pathology Neurofibrilary tangles and amyloid plaques
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1.3.3. Interaction between AD and Lewy pathologies

A synergistic effect between AD and Lewy pathologies has been proposed in 
DLB. Tau and α-synuclein pathology often colocalize in limbic areas, a brain 
area that has been proposed as an incubator for the spreading of misfolded 
proteins (63,64). Neuropathological studies have shown that the burden of 
tau pathology is one of the main factors related to the amount of cortical 
α-synuclein deposits (49,65). This is supported by other studies in which core 
AD biomarkers in CSF have been proposed as predictors of cortical α-synu-
clein (54). Cell culture studies have also investigated the synergistic effect 
between tau and alpha synuclein, finding that both misfolded proteins act 
together enhancing the cellular dysfunction and death (66). A shared seeding 
effect between α-synuclein, Aβ40 and Aβ42 has also been observed in vitro, 
with α-synuclein being attributed the increased seeding potential of the three 
(67). Thus, the interaction between these three misfolded proteins may con-
tribute to increased seeding, cellular dysfunction and death and possibly to 
the trans-synaptic spread of both Lewy body and AD related pathologies (49).

1.4. Genetic Component of DLB

The genetic background of DLB is mostly based on common variants that con-
fer a risk of suffering the disease rather than deterministic mutations causing 
the disease (68). However, the knowledge of the genetic architecture in DLB 
is more limited than in other neurodegenerative diseases due to the high rate 
of mis- and underdiagnosis, the lower investment in research into this disease, 
and because the disease and diagnosis have only relatively recently received 
much attention (69). In addition to this, DLB incidence is lower than AD or 
PD and the patients are typically older.  Taken together, these factors have 
hindered the creation of big cohorts appropriate to genetic studies and the 
collection of biospecimens from a same family affected by the disease (69).



36

DLB shares some common genetic risk factors with AD and PD (68,69). The 
homozygosity of the most well-known risk factor for AD, APOE ɛ4, is also as-
sociated  with an increased risk for DLB and disease severity (58,59,70,71). 
Its relationship with the concomitant AD pathology in DLB has been hypoth-
esized (72), but this link with an increased risk for DLB, even in DLB with no 
or very low AD copathology, has been shown (70). SNCA, the gene encoding 
α-synuclein, has also been associated with increased risk for DLB and PD 
(69). Rare point mutations and locus multiplications (three or four copies) 
have been described causing familial DLB and other diseases as PD or, rarely, 
some cases of frontotemporal dementia (69,73,74). However, besides being 
a rare causative factor, SNCA has been also reported as a risk modulator for 
DLB with different association profiles at the SNCA locus (75). Decreased 
SNCA methylation has been  linked to DLB (76). Heterozygous mutations in 
GBA, the gene responsible for Gaucher Disease and encoding the lysosomal 
enzyme beta-glucocerebrosidase, are related to a higher risk for DLB and 
PD (77–79). DLB cases linked to GBA variants are characterized by an early 
onset and faster evolution (78). Some studies have pointed out the relation-
ship between the MAPT H1 haplotype and more severe α-synucleinopathy, 
as well as a link with clinical DLB (80–82). The MAPT variant p.Ala152Thr, 
related to AD and frontotemporal dementia, has been postulated to be asso-
ciated with clinical DLB (83). Other shared genetic factors with AD, PD and 
frontotemporal dementia include mutations in PSEN2, CHMP2B, PRKN and 
SQSTM1, which were present in 4.4% of cases in a study of whole exome 
sequencing of 91 autopsy-confirmed DLB patients (71). 

Besides the association of DLB with APOE, SNCA and GBA loci, which were 
confirmed by the recent GWAS (79,84), a new locus, CNTN1, has been as-
sociated with DLB (79).  In addition, a recent study of  genetic variability 
in DLB reported that copy number variation in certain loci may be related 
with a higher risk of DLB (85). 
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Overall, common variants have been proposed as the main contributors to 
the heritability in DLB. The estimation of the heritability based on these 
common variants increases from around a 30% in former studies to 59.9% 
more recently (86). Furthermore, these common variants have been pro-
posed as an important substrate for the clinical heterogeneity featured in 
DLB independently of the variants contributing to the polygenic risk scores 
for PD or AD (79,86).

The DLB cohort studied in this thesis was also included in different multi-
centric and international genetic studies including two GWAS. The articles 
resulting from this research have been added as annexes.

1.5. Challenges in diagnosing DLB

1.5.1. Clinical heterogeneity

The order of appearance and severity of the core symptoms (parkinsonism, 
visual hallucinations, fluctuations and RBD) in DLB may vary from one patient 
to another, contributing to the heterogeneity in the phenotype. Moreover, not 
all DLB patients develop all the symptoms or show a similar ordering of pres-
entation in the course of the disease. This results in different combinations of 
symptoms from which different phenotypes emerge. For example, a patient 
with dementia, parkinsonism and RBD and a patient with dementia, visual 
hallucinations and fluctuations, are both within the spectrum of DLB. 

The clinical heterogeneity is broadly represented in the existing literature 
relating to the disease. The different core symptoms have a wide range of 
prevalence in the literature depending on the origin of the studied set/
cohort of patients (clinical setting in which the patients have been evalu-
ated). Some authors focused on the neuropsychiatric manifestations and 
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their studies frequently show a high prevalence of visual hallucinations and 
low of parkinsonism in their studies (3,87,88). Others focus on cognition 
or motor features picturing different phenotypes (18,23,89). Furthermore, 
depending on the presenting symptom, DLB patients may be referred to a 
memory, a movement disorder, a psychogeriatric or a sleep disorder unit 
where they will undergo different clinical assessments, which can further 
add to the clinical variability described in the DLB literature. 

Compared to PD, where the study of the different phenotypes constitutes  
one of the main research priorities, clinical variability in DLB has received 
relatively little attention (90). In this field, recent studies have used a 
promising data-driven approach by clustering methods (18). Cluster analy-
ses are a useful tool for deep phenotyping and have been previously used in 
other neurodegenerative diseases (91–93). One study using a hierarchical 
clustering method found two different distribution patterns of Lewy related 
pathology in demented patients with both, Lewy bodies and AD patholo-
gies. The authors suggested that these different patterns may underlie the 
clinical heterogeneity of dementia due to Lewy bodies (93). Although dif-
ferent onsets and clinical subgroups have been proposed in DLB (94), clin-
ical subgroups within the DLB spectrum have not been specifically studied 
by these unbiased data-driven tools. 

The main differences in the clinical picture in DLB are more evident during 
the first years of the disease and the clinical features tend to be more homo-
geneous as the disease progresses reflecting a more global synaptic and neu-
ronal degeneration. Therefore, in order to disentangle the high clinical het-
erogeneity observed in DLB it is crucial to focus in the initial presentation.
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1.5.2. The biological basis of the clinical heterogeneity  
in DLB.

Previous studies have described different distribution patterns of Lewy body 
and AD pathologies in synucleinopathies that correlate with the phenotype 
(60,93). The different patterns and extent of those pathologies may affect the 
phenotypic variability in DLB as well as the clinical diagnosis during life (95).

Most pathological studies have observed a correlation between the amount 
of cortical α-synuclein aggregates with the duration of the disease (96,97). In 
fact, many cases of rapid progressive dementia clinically diagnosed as CJD had 
a high burden of Lewy body pathology together with concomitant AD (98). 
But, on the other hand, the amount of α-synuclein deposits does not seems to 
be related with other clinical outcomes during the disease probably because of 
the lack of neuronal death due to these inclusions(50,65). 

In contrast, several studies have found a correlation between the cognitive 
impairment and tau deposition in DLB (49,65). AD copathology in DLB is 
related with a faster disease evolution, hallucinations and a worse perfor-
mance in memory tests (48,99,100). It is also related with greater atrophy 
in medial temporal lobe, led by Aβ pathology and total atrophy and pos-
terior grey matter atrophy that were related to total tau values (101). On 
the other hand, DLB patients with lower AD copathology, specifically, lower 
neurofibrillary and neuritic plaque burden, are more prone to have RBD 
as an early manifestation in the disease (102). Additionally, tau deposition 
patterns in DLB and AD are different, possibly contributing to the different 
phenotypes: in AD there is a higher burden of tau pathology than in DLB 
in all cortical areas, but while in AD there is a greater proportion of tau 
pathology in frontal neocortex, in DLB the proportion of tau pathology is 
bigger in temporal neocortex (65).
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More recently, some authors have also stressed the importance of other 
features of α-synuclein pathology besides the amount and distribution of 
Lewy bodies and neurites in the phenotypical heterogeneity of DLB as well 
as in PD and MSA (60). Different experimental studies have demonstrated 
the existence of different strains of α-synuclein that can support this typical 
clinical heterogeneity among the synucleinopathies (103,104). In addition, 
elevated levels of insoluble p-α-synuclein have been found in the brain of 
patients with DLB but not in brains of PD or AD patients where the solu-
ble p-α-synuclein and soluble o-α-synuclein is also higher than in controls, 
suggesting different changes in α-synuclein across the evolution of the dif-
ferent neurodegenerative diseases (105). 

1.5.3. Prodromal DLB

Previous and current consensus diagnostic criteria of DLB require the pres-
ence of dementia. As such, the criteria neglect the existence of a prodromal 
phase of the disease. There are currently no established diagnostic criteria 
for the prodromal phase of DLB, which hinders the study of this stage as it 
makes  selection of patients difficult, which in turn compromises the agree-
ment and harmonization between researchers and centers (50). This lack 
of diagnostic criteria may be one of the reasons why literature on prodro-
mal DLB is scarce, and restricted to  retrospective studies or focused only 
on patients with RBD (94,106). Both instances may derive from biases as 
the features of DLB patients with or without RBD may vary (107).

Nevertheless, the study of the prodromal phase of DLB is crucial for several 
reasons. On the one hand, for a better understanding of the physiopathology 
of the disease and its progression. On the other, for the correct diagnosis of the 
patients from the beginning of their symptoms, which will help in determining 
whether to initiate  treatment with appropriate disease-modifying drugs (when 
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available) and, from a social point of view, this will improve understanding and 
awareness of the patient, relatives and society to DLB (94).

Mild cognitive impairment (MCI) is the transitional stage between normal 
cognition and dementia in which cognitive decline does not affect the nor-
mal functioning in the patient’s daily life (15,108). It has been profoundly 
studied in AD in contrast to DLB, where a great heterogeneity exists. Thus, 
the problem of the underdiagnosis of DLB becomes greater in the phase of 
MCI. The existence of diagnostic criteria and biomarkers in CSF for prodro-
mal AD but not DLB means that clinicians have tended to misdiagnose DLB 
more frequently as AD. This etiologic label is more difficult to change later 
when other clinical features linked to DLB or the absence of AD suggestive 
biomarkers arise as the clinician must make this change understandable for 
patients and caregivers  (94). 

1.5.3.1. Clinical features of the prodromal phase of DLB

With the limitations commented above, most authors agree on the presence 
of a non-amnestic MCI as the main prodromal form in patients who are 
evolving to DLB (50,109–112). MCI-DLB is characterized by a predominantly 
dysexecutive cognitive profile, due to a dopaminergic dysfunction in fronto-
striatal networks and relative preservation of hippocampus (109,112), with 
impairment in visual cognitive domains as well as social cognition deficits 
being common (50,110,111). The presence of multidomain amnestic MCI 
or even pure amnestic MCI, manifested by the impairment on free recall and 
visual recognition, is also present in the prodromal phase of DLB excluding 
the diagnosis of DLB in cases with amnestic MCI (110,111). DLB patients 
also present more often than AD patients with non-cognitive symptoms such 
as depression, visual hallucinations and RBD (50). In around one quarter 
of patients the presenting symptom is parkinsonism, with soft extrapyram-
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idal signs being the best clinical predictor of evolution to DLB (50,113). In 
DLB, motor symptoms evolve slowly at the beginning, and faster near phe-
noconversion in contrast to PD, where progression of motor symptoms and 
signs followed a more linear progression. Regarding parkinsonian features, 
speech, voice, hypomimia, bradykinesia and reduced slim swim were the 
first manifestations, with rest tremor not as frequent at diagnosis and ap-
pearing only 2-1 years before phenoconversion, and with very low scores in 
the UPDRS-III (18). Delirium and transient alterations of consciousness are 
frequently reported in the early stage. On the other hand, fluctuations is the 
core feature more infrequently present at the prodromal stage of DLB, being 
more evident in later stages (50). When present, dream enactment is first 
referred 8.2 to 9 years before the diagnosis of DLB (18). 

Some evaluations can facilitate DLB diagnosis in its prodromal stage. Within 
the neuropsychological evaluation, mistakes in the angles in the pentagon 
copy are highly suggestive of evolution to DLB in MCI patients (113). Re-
garding cognition, screening tests Montreal cognitive assessment (MoCA) 
scores starts to deviate from controls around 9 years before the diagnosis 
of DLB and Minimental state examination (MMSE), less sensitive in this pa-
thology, deviates from the normal performance in a mean of 5 years prior to 
phenoconversion (18). At parkinsonism onset, semantic verbal fluency also 
predicted the development of DLB compared with PD (114). Verbal fluency 
is a useful test to monitor the cognitive evolution in DLB (115). When a 
more complete neuropsychological evaluation is available, tests assessing 
color vision can manifest an impairment more than 12 years prior the di-
agnosis of DLB (18), while trail making test  -B (TMT-B) is impaired about 
six years before diagnosis (115). This points to a long prodromal phase in 
the disease that can be detected with the appropriate neuropsychological 
evaluation, especially when using tests directed towards assessing the ex-
ecutive and visuoperceptive domains.
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1.5.3.2. Biomarkers in prodromal DLB

Structural neuroimaging studies have shown preservation of hippocampal 
volumes compared with prodromal AD that is of great help in the differ-
ential diagnosis between these two entities at the MCI stage (110,112). A 
bilateral grey matter atrophy in insulae and anterior cingulate cortex have 
been also described in prodromal phases of DLB (116,117). Functional 
neuroimaging studies consistently show specific hypoperfusion in temporal 
lobes in prodromal DLB (114,118) and hypoperfusion in the right frontal 
and parietal cortex together with the anterior insula as well as a hyper-
perfusion in left superior frontal gyrus are also described compared with 
healthy volunteers. When compared to prodromal AD, lower relative per-
fusion in prodromal DLB in the fusiform gyrus has been found (118). The 
presence of the cingulate sign may be useful for distinguishing prodromal 
DLB, although it is more evident in patients in the middle of the disease and 
decreases with the progression. When a posterior hypoperfusion is evident 
in prodromal DLB but the cingulate sign is absent it is indicative of a faster 
worsening and may point to a higher AD pathology (119). Dopaminergic 
imaging in prodromal DLB, has a lower sensitivity than in DLB, around a 
50%, but it can be useful in the differential diagnosis in MCI as a positive 
dopamine transporter SPECT (DaTscan) points to an evolution to DLB with 
around 90% specificity (25,106). A reduced putamen to caudate ratio has 
been also described in prodromal DLB (114).

Most of the few existing studies on CSF biomarkers in prodromal DLB have 
focused on AD core biomarkers. Aβ40, Aβ42, t-tau and p-tau are less al-
tered in the prodromal stage of DLB in comparison with the prodromal 
stage of AD, and are poor at differentiating prodromal DLB from controls 
(120). Nevertheless, the utility of AD core biomarkers in the clinical assess-
ment of synucleinopathies, and specifically in the MCI stage of DLB has 
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been noted due to its link to a worse evolution and the possibility of de-
tection those patients with an increased risk for higher cortical Lewy body 
related pathology (54).

1.5.4. Sleep Disorders in DLB

Sleep disturbances such as insomnia, hypersomnolence and abnormal sleep 
behaviors are frequent symptoms in DLB patients. In fact, some sleep disor-
ders in subjects with dementia are indicative of DLB and rare in other con-
ditions associated with cognitive impairment such as AD (121–123). That 
is the case of RBD. Its presence in patients with dementia supports the di-
agnosis of DLB (11,13). In fact, current diagnostic criteria of DLB consider 
RBD a core clinical feature of the disease, at the same level as fluctuations, 
visual hallucinations and parkinsonism (13)

RBD is a parasomnia consisting in the absence of atonia during the REM 
sleep and dream enactment. It can be present years before the onset of 
the first cognitive symptoms (21,124–127). RBD is manifested in nearly 
76% of DLB patients during the course of the disease (125). Neverthe-
less, the identification of RBD in DLB is usually challenging because it 
can be mimicked by other sleep disorders that are also frequent in DLB 
as well as aging individuals. The main mimics are severe obstructive 
apnea, prominent periodic limb movements in sleep (PLMS), confusion-
al awakenings or hallucinations (128–132). The absence of a reliable 
sleep informant is also frequent in DLB patients and complicates sleep 
assessment by the clinician. A useful tool capable of distinguishing mim-
ics from RBD independent of the informant is V-PSG. Nevertheless, the 
current DLB diagnostic criteria do not require the performance of a PSG 
to confirm the diagnosis of RBD, which is included as a supportive bio-
marker (13). 
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Taken together and from a clinical point of view, sleep disorders cause addi-
tional disability, and influence negatively the quality of life of DLB patients. 
They can also worsen typical symptoms as daytime fluctuations or visual 
hallucinations, as well as cognition and lead to a more rapid deteriora-
tion. Their detection and appropriate treatment are crucial for the clinical 
management of DLB patients. Thus, a correct characterization of sleep dis-
orders, such as RBD, in patients clinically diagnosed with DLB may help 
increase diagnostic accuracy and the implementation of adequate thera-
peutic strategies to improve patients’ sleep and quality of life.

Few studies have addressed the sleep problems in DLB, and only very few 
of them have objectively evaluated sleep by nocturnal V-PSG. In those 
studies a higher prevalence of PLMS, shorter sleep latency, more frequent 
arousal episodes emerging from both, No-REM (NREM) and REM sleep 
and a variety of sleep disturbances besides RBD were found in DLB pa-
tients when compared with AD, PD or healthy volunteers (128,129,133–
135). Nevertheless, few patients were included in most of these studies, 
and the polysomnographic findings lacked a detailed description. There-
fore, a prospective study evaluating the presence of RBD and other sleep 
disturbances in DLB patients using subjective measures and a quantified 
V-PSG analysis is needed.

1.6. Neuroinflammation in DLB

Inflammation has been highlighted as an important player in the patho-
physiology of neurodegenerative diseases such as AD or PD in epidemio-
logical, pathological and genetic studies (136–138). Multiple studies have 
supported the importance of innate immunity, astroglia and microglia in 
neurodegeneration (139). These two cell types have very different func-
tions in the central nervous system (CNS): microglia, the resident monocyt-
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ic cells in the CNS, phagocyte cellular debris and protein aggregates, while 
astrocytes help in the neuronal and synaptic activity with neuroprotective 
role among other key functions (139).  

The role of glial activation in tauopathies, and more broadly in AD, is being 
studied profoundly (140). Experimental in vivo and ex vivo studies have 
pointed to a reciprocal relationship in which tau pathology can affect mi-
croglial and astroglial function and, inversely, the chronic activation of glial 
cells can alter tau deposition and spreading with a negative impact in dis-
ease progression (136,141). In fact, loss-of-function variants of the gene for 
the triggering receptor expressed on myeloid cell 2 (TREM2), a microglial 
protein, increase the risk for AD, and constitute the second  genetic risk 
factor for sporadic late-onset AD after the APOE ɛ4 allele (57,142).  Moreo-
ver, ApoE is mainly secreted in the brain by glial cells and the ɛ4 allele has 
been found to have a decreased action in the suppression of inflammatory 
response (140,143). This strongly supports the importance of the immune 
response in the pathogenesis of AD. 

The progranulin protein (PGRN) is mainly expressed by microglia, but also 
by neurons in the CNS (144,145). Genetic variants, such as the rs5848 pol-
ymorphism, that down-regulate expression of GRN, which encodes PGRN, 
have also been associated with an increased risk of AD (146–148). Of note 
these two proteins, TREM2 and PGRN, play an important role in the reg-
ulation of microglial activity (149,150). The suppression of the activity of 
TREM2 or PGRN produces opposite microglial activation profiles in mouse 
models (151). While a suppression of TREM2 activity locks microglia in a 
homeostatic state, PGRN suppression makes that microglia stays in a hyper-
active disease-associated state (151). Thus, the study of these two proteins 
together is crucial to understand the role and changes of microglial activity 
along the neurodegenerative diseases.
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Activated microglia can co-activate astroglial cells contributing to neuronal 
dysfunction and death, as astrocytes have an important function supporting 
neuronal health, changing its phenotype into a hyperactive state (152,153). 
These hyperactive astrocytes are upregulated in AD, and lose their capacity 
to promote neuronal survival, neuronal growth and synaptogenesis as well 
as having a reduced phagocytic function, being toxic for neurons (152).

Multiple lines of evidence support that glia are activated in synucleinopathies. 
Reactive microglial cells have been found in the vicinity of Lewy bodies, Lewy 
neurites and surrounding dying neurons in DLB (154,155). In particular, stud-
ies using 11C-PK11195 PET indicate the existence of activated microglia sig-
nal in the substantia nigra (SN) and putamen as well as several associative 
cortices in DLB patients (156). An increased expression of toll like receptor 
2 (TLR2) in microglia in SN and hippocampus in incidental Lewy body pa-
thology, has been found suggesting a role of microglia in the earliest phases 
of the disease (157). Thus, microglial activation in PD and DLB is believed 
to be involved in the initiation and progression of the disease including the 
secretion of pro-inflammatory cytokines and reactive oxygen species (158). In 
addition, synuclein released from neurons in PD and DLB can be endocytosed 
by astrocytes generating glial inclusions (159–161). These inclusions can in-
duce changes in gene expression in astroglia, enhancing the inflammatory re-
sponse and favouring neurodegeneration (161,162). A recent analysis of RNA 
levels in postmortem samples of DLB patients showed an increased expression 
of proteins that translate astrogliosis but not microgliosis (163). Processes 
of astroglia positive for α-TNF and inducible nitric oxide syntase have been 
detected near Lewy bodies (164). However, studies on the astrogliosis in PD 
brains have shown contradictory results, from a high astrogliosis to a low or 
absents astroglial pathology in brain regions affected by α-synuclein deposi-
tion, pointing to a high heterogeneity of astroglial activation and relationship 
with α-synuclein deposits within the disease(158).
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In living people, it is possible to study the glial activation through the quan-
tification of glial markers present in CSF. YKL-40 protein, also known as 
chitinase 3-like 1 protein, is a glycoprotein expressed by astrocytes near 
amyloid plaques in AD human brain (165,166). YKL-40 can be detected in 
CSF, its levels are increased in preclinical and prodromal AD, as well as in 
other neurodegenerative conditions, such as frontotemporal lobar degen-
eration (FTLD) or multiple sclerosis (MS) (167,168). Recent studies have 
shown an elevation in the CSF of a soluble fragment of TREM2 (sTREM2) 
in prodromal sporadic AD (169–171), as well as in preclinical and pro-
dromal stages in autosomal dominant AD (172). In a similar way, PGRN 
has been reported to be increased even 10 years before symptom onset in 
autosomal dominant AD, while in sporadic AD its increase is observed in 
more advanced stages (173). Furthermore, higher CSF sTREM2 and PGRN 
levels during the early stages of AD are associated with a slower cognitive 
decline, lower hippocampal atrophy and less progression from MCI to a 
dementia stage (174).

Despite the number of studies linking glial activation in synucleinopa-
thies, few have investigated glial activation markers in CSF in these dis-
orders. Some studies have investigated the CSF levels of the astroglial 
YKL-40 protein in DLB, without differences in the levels between DLB or 
PD patients and controls (175–178). Only one study has investigated the 
CSF levels of PGRN in DLB and reported no difference with respect to 
healthy volunteers and other dementias (179). Until the work presented 
in this thesis, no studies had previously investigated sTREM2 in CSF in 
synucleinopathies.  

Some studies have assessed the modulation of microglial activity as a po-
tential treatment target in synucleinopathies. TLR4, expressed on micro-
glia, has been implicated in α-synuclein clearance (180). The microglial 
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activation by an agonist of this receptor improved the movement as well 
as the α-synuclein cytosolic inclusions in a mouse model (181). Thus, al-
though these glial markers have little diagnostic value themselves, they 
may be useful in the future to monitor disease-modifying treatments fo-
cused on the glial activation. 
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2. CHAPTER II: HYPOTHESIS AND OBJECTIVES

2.1. Hypothesis

1. There are different clinical subtypes in dementia with Lewy bodies (DLB) 
that can be better defined based on the clinical features in the prodromal 
stages of the disease.

2. Video-Polysomnography is essential to correctly diagnose the frequent 
and different sleep disorders associated with DLB.

3. The glial activation in dementia with Lewy bodies can be measured by 
inflammation-related biomarkers in CSF.

3.1. The correlation between different glial biomarkers may depend on  
 the underlying physiopathological processes.

3.2. The glial-activation profile in DLB may be affected by AD con 
 comitant pathology

2.2. Objectives

1. To define clinical subtypes using a data-driven approach based on the 
predominant symptoms during the prodromal phase of disease and to 
describe the features and evolution of the clinical subtypes resulted from 
the data-driven analysis.

2. To characterize the sleep disorders associated with DLB with a video-pol-
ysomnography study.

3. To determine the levels of certain microglial (sTREM2 and PGRN) and 
astroglial (YKL-40) proteins in CSF in dementia with Lewy bodies and its 
prodromal phase compared with AD, prodromal AD and healthy controls. 

3.1. To investigate the correlation between these 3 glial markers in de-
mentia with Lewy bodies and AD.
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3. CHAPTER III: CLINICAL SUBTYPES OF DEMENTIA 
WITH LEWY BODIES BASED ON THE INITIAL CLINICAL 
PRESENTATION.
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Abstract 

Objectives: To investigate the existence of clinical subtypes in dementia 
with Lewy bodies (DLB) based on the initial clinical presentation.

Methods: 81 patients with a clinical diagnosis of probable DLB were consecutive-
ly included. All patients underwent a neurological evaluation including a struc-
tured questionnaire about neuropsychiatric symptoms and sleep, an assessment 
of motor impairment (Unified Parkinson Disease Rating Scale subscale III) and a 
formal neuropsychological evaluation. Onset of core symptoms (hallucinations, 
parkinsonism and fluctuations) and dementia were systematically reviewed from 
medical records. We applied a K-means clustering method based on the initial 
clinical presentation. To capture the predominant clinical feature at the beginning 
of disease we calculated the relative duration of each core symptom respective to 
the total disease duration from onset to fulfilment of probable DLB criteria. 

Results: Cluster analysis yielded three different groups. Patients in clus-
ter I (cognitive-predominant, n=46) presented more frequently with cog-
nitive symptoms (95.7%, n=44, p<0.001) and showed a longer duration 
from onset to DLB diagnosis (p<0.001) than the other clusters. Patients in 
cluster II (neuropsychiatric-predominant, n=22) were older at disease on-
set (78.1±5vs.73.6±6.1 and 73.6±4.2 in clusters I y III, respectively, both 
p<0.01), presented more frequently with psychotic symptoms (77.3%, n=17), 
and had a shorter duration until the onset of hallucinations (p<0.001). Pa-
tients in cluster III (parkinsonism-predominant, n=13) showed a shorter time 
from onset to presence of parkinsonism (p<0.001) and dementia (0.008).

Conclusions: three subtypes of clinical DLB can be defined when consid-
ering the differential initial presentations. The proposed subtypes have dis-
tinct clinical profiles and progression patterns.
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Introduction

Dementia with Lewy bodies (DLB) is a heterogeneous condition from a 
clinical and pathological point of view (9,182). Pathologically, DLB is de-
fined by the presence of inclusions constituted by aggregates of α-synu-
clein, known as Lewy bodies (LB) and Lewy neurites (LN), which are also 
hallmarks in Parkinson´s disease (PD). Alzheimer´s disease (AD)-related 
pathology is a common comorbid pathology in most patients with a patho-
logical DLB diagnosis leading to a pathological heterogeneity (183). In ad-
dition, it has been shown that different distribution patterns of Lewy body 
and AD pathologies in synucleinopathies influence the clinical phenotype 
(93,182). 

Clinically, DLB is characterized by a dementia associated with a variable 
combination of visual hallucinations, fluctuations, parkinsonism and REM 
sleep behaviour disorder (RBD) (9,11,13). However, not all patients devel-
op all symptoms along the course of the disease and the order of appear-
ance and severity may vary across patients leading to a variety of different 
phenotypes that may be related to the underlying physiopathology. For ex-
ample, DLB patients with early RBD had lower neurofibrillary and neuritic 
plaque burden compared with those with late or absent RBD (184) while 
patients with hallucinations were more likely to have a cerebrospinal fluid 
(CSF) biomarker profile suggestive of AD copathology (48). Nevertheless, 
this variation in the clinical presentation of DLB and its underlying possible 
pathophysiology has been seldom investigated.  

One of the current limitations in the diagnosis of DLB is the lack of estab-
lished criteria for the prodromal phases of the disease (50).  The previous 
and current consensus diagnostic criteria of DLB (11,13) require the pres-
ence of dementia. However, the main differences in the clinical picture in 
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DLB are more evident during the first years of the disease and the features 
tend to be more homogeneous as the disease progresses, likely reflecting 
a more global synaptic and neuronal degeneration. Therefore, in order to 
disentangle the high clinical heterogeneity observed in DLB is crucial to 
focus in the initial presentation.

Cluster analysis is a useful data-driven tool for deep phenotyping previous-
ly used in neurodegenerative diseases including PD (91–93,185,186). In 
DLB, there is just one study using a two-step clustering analysis to investi-
gate the clustering of the core DLB symptoms in a group of patients with 
mild dementia (187). Nevertheless, the definition of clinical subgroups in 
DLB through data-driven tools has been barely investigated.   
In this work, we used a cluster analysis to investigate clinical subtypes in 
DLB based on the initial clinical presentation and the predominant clini-
cal features during the first years of the disease. Our hypothesis was that 
these measures could better reflect the different subtypes than measures 
obtained during later stages of the disease. 

Materials and methods

Participants 
We included 81 patients with a clinical diagnosis of DLB who were recruit-
ed consecutively in the Memory Unit of the Hospital de la Santa Creu i Sant 
Pau, between July 2013 and December 2015. Patients were referred by 
primary care physicians and evaluated in the Memory Unit by neurologists 
with expertise in dementia. Patients with suspected DLB were then referred 
to one of the investigators (EMR) for a specific evaluation. All patients were 
at a stage of mild dementia at inclusion, according to a consensus agreement 
between two experienced neurologists and one expert neuropsychologist 
based on core clinical criteria for dementia (188) and the score of the Clin-
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ical Dementia Rating scale Sum of Boxes (CDR-SB) (189) and were diag-
nosed using criteria for probable DLB (11,13). The time from first symptom 
onset until the specific evaluation was 5±3.2 years. All patients underwent 
a general neuropsychological assessment (190)and a specific neurological 
evaluation directed at detecting DLB signs and symptoms. The neurolog-
ical evaluation included a structured questionnaire to interrogate about 
the features and onset of psychotic symptoms (hallucinations in different 
sensory modalities, sense of presence and passage hallucinations, illusions, 
misidentifications and delusions) and sleep, including clinical symptoms 
suggestive of RBD and its onset. The visit also included the assessment of 
motor impairment by means of the Unified Parkinson Disease Rating Scale 
subscale III (III-UPDRS). Fluctuations were quantitatively evaluated using 
the Clinician Assessment of Fluctuations (CAF) and the One Day Fluctua-
tion Assessment Scale (ODFAS) questionnaires (20).

The following variables were collected in all patients in the structured 
questionnaire and the retrospective review of the medical records and dur-
ing the first evaluation in the Memory Unit: first neurological or psychiatric 
symptom attributable to the underlying neurodegenerative process, date 
of onset of each core diagnostic feature (hallucinations, parkinsonism and 
fluctuations) and date of fulfilment of criteria for dementia (11). The date 
of disease onset was considered as the date of the first symptom reported. 
Data were coded as missing value when information was absent or incon-
sistent. We also reviewed the date in which each patient met probable DLB 
criteria considering all collected and reviewed variables and data.

To investigate the clinical heterogeneity during the first years of the disease 
we generated a paradigm to obtain a quantitative measure that could cap-
ture the length of each predominant core symptom before the diagnosis of 
DLB. Due to the difficulty for determining accurately the beginning of RBD 
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(lack of bedpartner and polysomnography in most cases) and fluctuations, 
we excluded these core symptoms in this quantification. The earliness of 
each selected core feature (hallucinations and parkinsonism) was estimat-
ed as the relative duration of each core symptom respective to the total dis-
ease duration from onset to fulfilment of probable DLB criteria as follows: 
Time-to-dementia = the time from the date of first symptom to fulfilment 
of criteria for dementia.
• TimeToDLBCriteria = time from the date of first symptom to the fulfil-

ment of probable DLB criteria.
• Hallucinations duration = TimeToDLBCriteria – (time from the date of 

first symptom to the beginning of hallucinations).
• Parkinsonism duration = TimeToDLBCriteria – (time from the date of 

first symptom to the beginning of motor symptoms/signs).
Then, to avoid the possible differences in the length of the clinical follow 
up, the following variables were calculated. 
Earliness of hallucinations = (Hallucinations duration/TimeToDLBCrite-
ria)*100
Earliness of parkinsonism = (Parkinsonism duration/TimeToDLBCrite-
ria)*100
These calculated variables represent the percentage of the prodromal phase 
of the disease in which each single clinical feature was present.

Statistical analyses
We applied the K-means clustering method (91) to classify the subjects 
assuming three underlying subgroups based on their progression until the 
patient meet probable DLB criteria and the core symptoms of the disease: 
early presence of hallucinations, early presence of parkinsonism and none 
of those. Due to the difficulty for determining accurately the beginning of 
RBD (lack of bed partner and polysomnography in most cases) and fluctu-
ations, we excluded these core symptoms in this analysis. The absence of 
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correlation between the selected variables in the cluster analysis (time to 
dementia, earliness of hallucinations and earliness of parkinsonism) was 
tested in order to avoid redundant information. 

Then, we explored the descriptive features of each group and analysed their 
differences. Normality of the quantitative variables was explored by Shap-
iro-Wilk test. Variables with a non-normal distribution were analysed by 
means of a Kruskal-Wallis test, while those with a normal distribution were 
analysed by an ANOVA test. A chi-square test was used for categorical varia-
bles. Post-hoc analyses were performed also by means of a chi-square test for 
categorical variables, a Mann-Whitney U test in the case of non-normally dis-
tributed quantitative variables and a t-test in the case of quantitative variables 
with a normal distribution. Bonferroni correction for multiples comparisons 
was applied when more than two comparisons were made simultaneously.

Results 

Demographics
The demographic and clinical data are described in table 1. The most com-
mon first symptom was cognitive impairment (67.9%) followed by psy-
chosis (27.2%). Regarding the core symptoms and signs of DLB, 64.2% of 
patients had visual hallucinations at the time of inclusion, 96.3% had some 
degree of parkinsonism detected during the neurological examination, 84% 
referred cognitive fluctuations and 66.7% had clinical RBD. 

Cluster solution and their clinical features
The main features of the three obtained clusters are specified in table 2.
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Table 1. Demographics of the study participants.

CLUSTER I 
(n=46)

CLUSTER II 
(n=22)

CLUSTER III 
(n=13)

TOTAL 
(n = 81)

P-VALUE

Gender % F (n) 56.5 (26) 68.2 (15) 53.8 (7) 59.3 (48) 0.67

Age at disease onset, 
mean (SD), ya

73.6 (6.1) 78.1 (5) 73.6 (4.2) 74.8 (5.9) 0.007

Age at evaluation, 
mean (SD), yb

79.5 (5.5) 82.2 (5) 77.1 (5.4) 79.8 (5.5) 0.02

Time to dementia, 
mean (SD), yc

4.2 (2.7) 3.1 (2.2) 2.3 (1.3) 3.6 (2.5) 0.008

Time to meet criteria 
of probable DLB d

5 (3) 3.1 (2.2) 2.4 (1.3) 4.5 (3) 0.001

Disease duration at 
evaluation, mean (SD) ye

5.9 (3.4) 4.1 (2.9) 3.6 (2.2) 5.0 (3.2) 0.01

Dementia duration at 
evaluation, mean (SD), y

1.8 (2) 1 (1.2) 1.3 (1.7) 1.5 (1.8) 0.495

INITIAL SYMPTOMF

Cognitive (n) 95.7 (44) 22.7 (5) 46.2 (6) 62.5 (55)

< 0.001Psychotic/behaviour (n) 4.3 (2) 77.3 (17) 23.1 (3) 27.2 (22)

Motor (n) - - 30.8 (4) 4.9 (4)

aCluster I vs. II, p=0.003; Cluster II vs. III, p=0.009; Cluster I vs III, p=0.7
bCluster II vs. Cluster III, p=0.008; Cluster II vs. Cluster I, p=0.058
cTime from the disease onset until the dementia stage. Cluster I vs. III: p=0.003; Cluster I vs. II: p=0.08
dTime from the disease onset until meet probable DLB criteria. Cluster I vs. Cluster III, p=0.001; Cluster I 
vs. Cluster II, p=0.009
eTime from the disease onset until the specific evaluation. Cluster I vs. Cluster II, p=0.02; Cluster I vs. 
Cluster III, p=0.015
fNumber of patients with each initial symptom across diagnoses.
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Table 2. Clinical features of resultant clusters

CLUSTER 
I (n=46)

CLUSTER 
II (n=22)

CLUSTER 
III (n=13)

TOTAL 
(n= 81)

P-VALUE

CORE DIAGNOSTIC SYMPTOMS

Parkinsonism % (n) 97.8 (45) 90.9 (20) 100 (13) 96.3 (78) 0.274

UPDRS score (part III), mean (SD) 22.2 (12.2) 21.7 (13.9) 26.1 (10.6) 22.7 (12.4) 0.384

Disease duration at onset of Pk, 
mean (SD), ya 4.6 (3) 2.3 (1.8) 0.3 (0.6) 3.3 (2.9) < 0.001

Formed visual hallucinations % (n) b 54.3 (25) 100 (22) 2 38.5 (5) 64.2 (52) < 0.001

Disease duration at onset of VH, 
mean (SD), yc 4.1 (2.9) 0.3 (0.6) 1.8 (1.3) 2.2 (2.8) < 0.001

Fluctuations % (n) 84.8 (39) 90.9 (20) 69.2 (9) 84 (68) 0.234

ODFAS, mean (SD) 5.8 (4.5) 6 (3.8) 7.5 (5.1) 6.2 (4.4) 0.852

CAF, mean (SD) 6.5 (5.7) 8 (6.2) 7 (5.1) 7 (5.7) 0.659

Disease duration at onset of Fluctua-
tions, mean (SD), y d 5.5 (3.1) 1.9 (2.5) 1.5 (1.4) 4 (3.3) < 0.001

PSYCHOTIC/BEHAVIOURAL SYMPTOMS

Delusions % (n) 41.3 (19) 63.6 (14) 46.2 (6) 48.1 (39) 0.223

Disease duration at onset of Del, 
mean (SD), y e 3.1 (2.5) 1 (1.4) 2.2 (1.9) 2.1 (2.2) 0.267

Misidentifications % (n)f 31.1 (14) 59.1 (13) 25 (3) 38 (30) 0.052

Disease duration at onset of Mis, 
mean (SD), yg 3.9 (2.7) 1.4 (1.6) 1.6 (0.8) 2.7 (2.5) 0.046

Sense of presence % (n) 19 (8) 31.8 (7) 23.1 (3) 25.3 (20) 0.351

Disease duration at onset of sense of 
presence, mean (SD), y

3 (3.5) 1.8 (1.9) 2.4 (1.3) 2.4 (2.6) 0.076

Passage hallucinations % (n) 26.2 (11) 31.8 (7) 7.7 (1) 30.4 (24) 0.322

Disease duration at onset of passage 
hallucinations, mean (SD), yI 5 (4) 2.1 (1.9) 1.2 3.7 (3.5) 0.05

SLEEP DISTURBANCES

RBD % (n) 55.6 (30) 59.1 (13) 84.6 (11) 66.7 (54) 0.287

Disturbances in sleep cycle % (n) 47.8 (22) 59.1 (13) 23.1 (3) 46.9 (38) 0.117

aCluster I vs. Cluster II and III and cluster II vs. Cluster III, p<0.001
bCluster II vs. Cluster I and III, both, p<0.001
cCluster I vs. Cluster II, p<0.001; cluster II vs. cluster III, p=0.001; Cluster I vs. Cluster III, p=0.09
dCluster I vs. Cluster II and Cluster I vs. Cluster III, p<0.001
eCluster I vs. Cluster II, p=0.008
fCluster I vs. Cluster II, p=0.03
gCluster I vs.  Cluster II, p=0.03
ICluster I vs. Cluster II, p=0.03
UPDRS: Unified Parkinson Disease Rating Scale; Pk: parkinsonism; VH: visual hallucinations; ODFAS: One 
Day Fluctuation Assessment Scale; CAF: Clinician Assessment of Fluctuations; Del: delusions; Mis: misi-
dentifications; RBD: REM Sleep Behaviour Disorder
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Cluster I or cognitive-predominant (n=46). 
The first symptom of this cluster was mostly cognitive impairment with only 
two patients presenting with psychotic symptoms. Visual hallucinations 
(54.3%), parkinsonism (97.8%) and fluctuations (84.8%) appeared latter than 
in other clusters (all comparisons, p<0.001, table 2). Other psychotic and per-
ceptive symptoms were less frequent, with a later onset when compared with 
cluster II. Two patients in this cluster referred isolated auditory hallucinations.

This cluster showed a longer time to dementia than cluster III (p=0.003) 
and a tendency for a longer evolution until the dementia stage than cluster 
II (p=0.08, table 2).

Cluster II or neuropsychiatric-predominant (n=22). 
This group had an older age at disease onset compared with the other two 
clusters (both p<0.01, table 1). The most common first symptom in this 
cluster was psychosis (n=17, 77.3%). All patients had visual hallucinations 
and their mean onset was 0.3±0.6 years after their first symptom, signifi-
cantly earlier than patients in the other clusters (p<0.001). 

Misidentifications were more frequent in this cluster when compared with 
cluster I (p=0.03). The frequency of sense of presence was lower than 
35% in all clusters. However, the onset of this feature tended to be earlier 
in cluster II compared to the other clusters (table 2). The onset of pas-
sage hallucinations (26.2%) was earlier in cluster II compared to Cluster I 
(p=0.03). We did not find significant differences in the frequency of delu-
sions between clusters (table2). 

Cluster III or parkinsonism-predominant (n=13)
The mean age at onset of the disease in this cluster was 73.6±4.2 years, 
younger than those patients in Cluster II (p=0.009) and comparable with 



63

those in cluster I. The most common first symptom was cognitive impair-
ment (six patients), followed by motor symptoms (four patients) and psy-
chosis (three patients). All patients in cluster III had parkinsonism, with 
an onset of 0.3±0.6 years from the first symptom. Mean III-UPDRS score 
in cluster III was 26.1±10.6 without reaching statistical significance when 
comparing with the other two clusters (at inclusion, 11 patients out of 13 
had a clinical suspicion of RBD). The time-to-dementia in this group was 
shorter compared to Cluster I (p=0.003).

Differential evolution from the disease onset of these three clusters is rep-
resented in figure 1.

Figure 1. Differential evolution from disease onset of the different resultant clusters, focused on core 
symptoms in DLB.

A. Onset of dementia

C. Onset of visual hallucinations

B. Onset of parkinsonism

D. Onset of fluctuations
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Neuropsychological assessment 
Cognitive scores in neuropsychological examination at inclusion are sum-
marized in table 3. Patients in cluster I had a worse performance in delayed 
free recall in the FCSRT when compared with patients included in cluster 
II (p = 0.02) and showed a trend for a worse performance when compared 
with cluster III (p = 0.06) in post-hoc analyses. There were no other differ-
ences between groups.

Table 3. Neuropsychological data of the resultant clusters

NEUROPSYCHOLOGICAL  
ASSESSMENT*

CLUSTER I 
(n=46)

CLUSTER II 
(n=22)

CLUSTER III 
(n=13)

TOTAL 
(n= 81)

P-VALUE

MMSE, mean (SD), n 22.6 (5.1), 46 24.5 (4.7), 20 25.3 (2.6), 13 23.5 (4.8), 79 0.109

Digit Span Forward-WAIS, 
mean** (SD), n

8.6 (2.5), 43 9.5 (2.3), 18 8.5 (4.1), 12 8.8 (3.1), 73 0.394

TMT-A, mean** (SD), n 4.7 (2.6), 43 4.2 (2.7), 18 3.8 (2.6) 4.4 (3.1) 0.775

FCSRT -Total recall-FCSRT, 
mean** (SD), n

4.2 (3.7), 43 5.9 (4.7), 18 5.7 (4.5), 12 4.8 (4.1), 73 0.269

FCSRT-Delayed free re-
call-FCSRT, mean** (SD), na

4.3 (3.5), 43 6.7 (3.5), 18 6.4 (3), 12 5.2 (3.6), 73 0.07

FCSRT-Delayed total recall, 
mean** (SD), n

5.3 (4.2), 43 7.4 (5), 18 7.6 (5.7), 12 6.2 (4.7), 73 0.225

Boston naming test, mean** 
(SD), n

7.3 (4.2),43 9.2 (3.5), 18 8.3 (4.4), 12 7.9 (4.1), 73 0.139

Rey-Osterrieth complex 
figure test- copy, mean** 
(SD), n

5.7 (2.7), 29 7.1 (2.7), 12 7 (4,5), 10 6.3 (3.2), 51 0.422

Number localization sub-
test-VOSP, mean** (SD), n 

6.4 (3.9), 43 6.9 (4.4), 18 8.6 (4.8), 12 6.9 (4.1), 73 0.481

Digit Span Backward-WAIS, 
mean** (SD), n

9.6 (2.5), 43 9.9 (2.5), 18 10.4 (2.4), 12 9.8 (2.5), 73
0.291

TMT-B, mean** (SD), n 5.5 (2.6), 10 4.8 (2.4), 5 6.7 (4.7), 3 5.5 (2.8), 18 0.846

aCluster I vs. Cluster II, p = 0.02; Cluster I vs. Cluster III, p=0.06.
*MMSE: Minimental State Examination, WAIS: Wechsler Adult Intelligence Scale, TMT-A: Trail Making Test 
A, FCSRT: Free and Cued Selective Reminding Test, VOSP: Visual Object and Space Perception battery, 
TMT-B: Trail Making Test B. 
**Scalar scores according to age and educational level.
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Discussion 

In this study, we used for the first time a cluster analysis to characterize 
the different clinical subtypes of DLB based on the main clinical features 
during the prodromal phase of the disease. We obtained three clusters: a 
cognitive-predominant (cluster I), a neuropsychiatric-predominant (cluster 
II) and a parkinsonism-predominant (cluster III). These clusters differed in 
their clinical presentation, but also in the disease course. The cognitive-pre-
dominant cluster was characterized by a long prodromal phase in which 
cognitive symptoms, mainly memory complaints, predominated. Patients in 
this cluster had hallucinations and other psychotic symptoms less frequently 
than patients in other clusters and a later onset. Parkinsonian features also 
appeared later as compared to the other clusters. The neuropsychiatric-pre-
dominant cluster was characterized by an early onset of hallucinations and 
a higher frequency of psychotic symptoms as the presenting feature. Pa-
tients in this cluster had also a late disease onset compared to the other 
two. The parkinsonism-predominant cluster was featured by predominant 
motor symptoms during the first years of the disease, a faster progression 
from symptom onset to dementia compared to the cognitive-predominant 
cluster, and a low frequency of hallucinations compared to the psychot-
ic-predominant cluster. 

We have identified only one study using a data-driven approach to investi-
gate the features of DLB in a cohort of patients with mild dementia (122). 
The authors found that the classical features of DLB aggregated together in 
their cluster solution supporting the diagnostic clinical criteria of DLB. How-
ever, clinical heterogeneity in DLB has not been specifically investigated by 
a clustering method. In contrast, previous studies have applied different 
clustering methods in PD avoiding subjective biases (93,191–193).  Similar 
to our work, the studies performed in PD suggested subgroups differing in 
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their age-at-onset and rate of progression (191–193). In agreement with 
our data previous studies have described, that patients with earlier onset 
of parkinsonism are younger than those with earlier dementia or psychosis 
(194–196). It is remarkable that in some studies (191–193)  the late-on-
set subgroup in PD was characterised by a faster clinical decline, differing 
from our late-onset cluster (cluster II, neuropsychiatric-predominant), de-
fined by the presence of early hallucinations, but not a faster progression. 
Another described predictor for a faster progression in PD and DLB is the 
presence of concomitant AD pathology measured by CSF or amyloid-PET 
(48,195,197).  It will be important to determine in future studies if those 
rapid evolution DLB clusters may have more frequency of concomitant AD. 
Selection of variables in cluster analysis is critical for the obtained solu-
tions. In our study we focused on the clinical features present during the 
prodromal phase of the disease. These features may capture better the in-
itial topography of neuronal dysfunction and loss (117,191,193). As the 
disease progresses, symptoms and signs tend to converge, reflecting more 
severe and widespread Lewy-body pathology and neurodegeneration re-
sulting in a more homogeneous syndrome. Although criteria for prodromal 
DLB have been proposed (50,94,109), they are not completely accepted or 
validated. In fact, one of the challenges in defining criteria in the prodromal 
phase of DLB is the high heterogeneity observed during this disease stage 
(109,110). Our findings clearly support the notion that clinical heteroge-
neity is larger during the prodromal than the dementia stage. Our results 
showed that the neuropsychiatric and the parkinsonian-predominant clus-
ters presented with clinical features that are characteristic of an underlying 
synucleinopathy. However, the cognitive-predominant cluster consisted of 
a syndrome of amnesic mild cognitive impairment (MCI) with a very slow 
progression. At the clinical level, this cluster partially overlaps with the 
typical amnesic MCI of AD (198). In fact, previous clinicopathological stud-
ies have suggested that Lewy body disorders should be considered in the 
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differential diagnosis of MCI as a subset of subjects convert to DLB during 
follow-up (110). The clinical heterogeneity in the prodromal phase of DLB 
and the potential overlap with a subset of patients with prodromal AD rein-
forces the need of developing specific CSF and/or imaging biomarkers for 
the initial stages of the disease. 

It will be important to investigate how clinical heterogeneity in DLB relates 
to specific neuropathological profiles. Differences in the initial clinical syn-
drome could be the result of the different regional burden of α-synuclein 
pathology (64,93,183). A higher disruption of brainstem integrity could 
translate into more severe motor features, while a predominant cortical 
distribution may translate into predominant cognitive or perceptive distur-
bances (93,183).  In addition, the common presence of coincident pathol-
ogies such as AD (93,199), could also influence the clinical manifestation 
of Lewy body disorders. We applied for the first time a K-means clustering 
method that yielded three well-defined clusters. The main strength of this 
study is the detailed characterization of the predominant clinical features 
during the prodromal phase by a replicable equation. This has been possi-
ble due to a structured chart review and questionnaire specifically oriented 
to detail the main clinical features during the prodromal phase of DLB. 
This data-driven approach allowed us to avoid multiple possible biases by 
defining particular time points.   

The main limitations of the study are that part of the data was collected 
retrospectively, only a small subset of patients had imaging and/or CSF 
biomarkers, there was no validation in an independent clinical cohort and 
the absence of neuropathological findings to validate these clusters. In ad-
dition, in this study patients were recruited entirely in a memory unit, and 
this bias could underestimate the proportion of DLB patients with an initial 
motor presentation of the disease.
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In summary, we propose three subtypes of DLB that differ in their clinical 
manifestations and progression patterns. It will be important to validate 
these subtypes in independent clinical cohorts with autopsy confirmation to 
investigate differences in biomarkers and neuropathological traits among 
the proposed clusters.
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Abstract

Objective: To study REM sleep behavior disorder (RBD) and other sleep 
disorders in dementia with Lewy bodies (DLB). 

Methods: Consecutive patients with DLB and mild dementia severity were re-
cruited irrespective of sleep complaints. Patients underwent clinical interview, 
assessment of sleep scales and video-polysomnography. RBD was diagnosed with 
video-polysomnography based on electromyographic and audiovisual analysis.

Results: Thirty-five patients (65.7% men; mean age 77.7 ± 6.1 years) were 
evaluated. Poor sleep quality (54.3%), hypersomnia (37.1%), snoring (60%), 
and abnormal nocturnal behaviors (77.1%) were reported. Sleep-wake archi-
tecture abnormalities occurred in 75% and consisted of occipital slowing on 
awake EEG (34.4%), absence of sleep spindles and K complexes (12.9%), slow 
frequency sleep spindles (12.9%), delta activity in REM sleep (19.2%) and 
REM sleep without atonia (44%). Three patients showed hallucinatory-like be-
haviors and ten abnormal behaviors during arousals mimicking RBD. RBD was 
diagnosed in 50% of those patients in whom sufficient REM sleep was attained. 
Of these, 72.7% were not aware of displaying dream-enacting behaviors and 
in 63.7% RBD preceded the onset of cognitive impairment. For RBD diagnosis, 
sensitivity of Mayo-Sleep-Questionnaire was 50%, specificity 66.7%, positive 
predictive value 83.3%, and negative predictive value 28%. False positive RBD 
cases according to clinical history had hallucinatory-like behaviors, severe ob-
structive sleep apnea and prominent periodic limb movements in sleep. Occip-
ital EEG frequency while awake and rate of electromyographic activity in REM 
sleep were negatively correlated, suggesting a common subcortical origin.  

Conclusion: In DLB, RBD and sleep-wake disorders are common, heterogene-
ous and complex, challenging their identification without performing V-PSG. 
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Statement of Significance

In DLB, neurodegeneration of the subcortical areas that modulate the sleep-
wake cycle results in abnormal architecture (occipital EEG slowing while 
awake, lack of sleep spindles and K complexes and REM sleep without ato-
nia) that can be identified using video-polysomnography. These abnormal-
ities challenge the identification of wakefulness, sleep and its stages using 
standard scoring systems highlighting the need to design new scoring rules 
for patients with neurodegenerative diseases, such as DLB. In our study, 
some conditions were misdiagnosed as RBD when only the clinical history 
or the Mayo-Sleep-Questionnaire were used. This finding is relevant since 
current diagnostic criteria of DLB only require clinical history (and not vid-
eo-polysomnography) to diagnose RBD, a parasomnia that is considered a 
core element of the disease.

Abbreviations

AHI: apnea-hypopnea index
CPAP: continuous positive airway pressure
DLB: dementia with Lewy bodies
EEG: electroencephalography
EMG: electromyography
EOG: electrooculography
FDS: flexor digitorum superficialis
MSQ: Mayo sleep questionnaire
NREM: non-rapid-eye-movement
PLMS: periodic limb movements in sleep
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REM: rapid-eye-movement
RBD: rapid-eye-movement sleep behavior disorder
V-PSG: video-polysomnography

Introduction

Dementia with Lewy bodies (DLB) represents the second most common 
form of neurodegenerative dementia after Alzheimer disease.1,2 DLB is 
clinically characterized by dementia, fluctuating attention and alertness, 
recurrent visual hallucinations and parkinsonism.3,4 Sleep disturbances 
such as insomnia, hypersomnolence and abnormal sleep behaviors are also 
frequent in DLB patients. These disturbances contribute to a deterioration 
in quality of life and can be a therapeutic challenge.5-7 Some sleep disor-
ders in subjects with dementia are indicative of DLB but not of other condi-
tions associated with cognitive impairment such as Alzheimer disease.6-9 
For instance, clinical and neuropathological studies have shown that REM 
sleep behavior disorder (RBD, a parasomnia manifested by dream-enacting 
behaviors and nightmares linked to increased muscular activity in REM 
sleep) is much more frequent in DLB than in other dementias.10-14

Current diagnostic criteria of DLB consider RBD a core clinical feature, but 
arguably do not require polysomnographic (PSG) confirmation (13).  The 
clinical identification of RBD can be difficult because other conditions (e.g., 
severe obstructive apnea, prominent periodic limb movements in sleep, 
confusional awakenings, hallucinations) may mimic RBD symptomatology. 
Therefore, a definitive diagnosis of RBD requires PSG demonstration of 
REM sleep without atonia (128,129,131,132,135). Correct characteriza-
tion of sleep disorders, such as RBD, in patients clinically diagnosed with 
DLB will improve diagnostic accuracy and lead to implementation of thera-
peutic strategies to improve patients’ sleep and quality of life.
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There are few studies addressing sleep problems in DLB and only a very few 
that have systematically evaluated sleep with objective tools such as noc-
turnal polysomnography with synchronized audiovisual recording (V-PSG) 
(21,121–123,126–130,133,134,202). In this study, we prospectively evaluat-
ed the presence of RBD and other sleep disturbances in a consecutive series of 
DLB patients using subjective measures and comprehensive V-PSG analysis.

Methods

Participants  
Consecutive patients with clinical diagnosis of DLB (11) and mild dementia 
severity who underwent routine clinic visits between February 2014 and July 
2016 at the Memory Units of the Hospital de la Santa Creu i Sant Pau and the 
Hospital Clínic de Barcelona, in Barcelona, Spain, were invited to participate in 
the current study irrespective of the presence and nature of sleep complaints. 
The diagnosis of DLB was based on the third report of the DLB consortium 
(where a history suggestive of RBD was not considered a core diagnostic fea-
ture) because our patients were recruited before the fourth report was published 
in 2017. Inclusion criteria included progressive dementia of mild severity with 
cognitive deficits and inability to perform complex tasks (level 4 of the Global 
Deterioration Scale) (203). Patients had to be on stable doses of medications 
for at least one month. DLB patients with moderate, moderately-severe and se-
vere dementia (levels 5, 6 and 7 of the Global Deterioration Scale, respectively) 
were excluded. We also excluded subjects initially diagnosed in our institutions 
with isolated RBD by V-PSG who eventually were diagnosed with DLB. 

Clinical assessments 
Neurologists from the Memory Units (EMR, RSV, ALLA, ALLE) conducted 
a comprehensive neurological assessment that included clinical and demo-
graphic information, and current medications. Patients were referred to 
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the Multidisciplinary Sleep Unit of the Hospital Clínic de Barcelona where 
a neurologist with expertise in sleep disorders (AFA) invited them to 1) 
undergo a clinical interview covering aspects of sleep, 2) complete sleep 
questionnaires and, 3) undergo nocturnal V-PSG.  
 
Sleep-wake assessments

Sleep-related symptomatology. This was examined with a comprehensive 
semi-structured sleep interview conducted by a sleep disorders expert (AFA) 
during which the presence of the bed partner or anyone who witnessed the 
patient’s nocturnal sleep and sleep-wake pattern was encouraged to sub-
stantiate and complete the sleep history. The interview covered sleep habits 
and complaints such as sleep onset insomnia (difficulty in falling asleep 
within 30 minutes or more), sleep fragmentation (more than two awaken-
ings lasting more than 15 minutes each), early awakening (waking up at 
least two hours earlier than desired), snoring, witnessed apneas, unpleasant 
dream recall and abnormal vocalizations and behaviors during the night. 
According to the sleep interview these sleep complaints were categorized as 
being present or absent in each participant. Overall sleep disturbances and 
nocturnal disability were also evaluated with the Pittsburgh Sleep Quality 
Index and a score >5 points was indicative of impairment of sleep quality 
(204). Daytime sleepiness was assessed by means of the Epworth Sleepiness 
Scale and a score >10 points was suggestive of excessive daytime sleepiness 
(205). To screen for a history suggestive of RBD, the Mayo Sleep Question-
naire (MSQ) was provided to the bed partner or another reliable informant 
(206). The MSQ was only administrated when the informant and the patient 
slept in the same room or when the informant had slept with the patient for 
years but was currently sleeping in another room due to the patient’s sleep 
problems (206). Restless legs syndrome was diagnosed according to the In-
ternational Restless Legs Syndrome Study Group criteria (207). 
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Video-polysomnography. PSG was performed with synchronized audio-
visual recording (Coherence 7, Deltamed, Paris, France) and consisted in 
electroencephalography (EEG; F3, F4, C3, C4, O1, and O2, referred to the 
combined ears), electrooculography (EOG), electrocardiography, surface 
electromyogram (EMG) of the mentalis muscle, the right and left flexor 
digitorum superficialis (FDS) in the upper limbs and the right and left an-
terior tibialis in the lower limbs. Nasal cannula, nasal and oral thermistors, 
thoracic and abdominal strain gauges, and finger pulse oximeter were used 
to measure the respiratory variables. In patients who were using a continu-
ous positive airway pressure (CPAP) mask before the start of this study, PSG 
was performed with CPAP and the air flow was measured with a pressure 
cannula connected to the mask, without thermistors. 

Sleep and associated events were scored according to the American Acad-
emy of Sleep Medicine manual (208). Apnea was defined as a complete 
cessation of airflow for >10 seconds measured by the thermistor(208). 
Hypopnea was defined as ≥30% reduction in nasal pressure signal excur-
sions from baseline and associated with ≥3% desaturation from pre-event 
baseline or with an arousal(208).The apnea-hypopnea index (AHI) was the 
number of apneas plus hypopneas per hour of sleep. Arousal was defined 
following the scoring rules of the American Sleep Disorders Association 
(209) The arousal index was the number of arousals per hour of sleep. Pe-
riodic limb movements during sleep (PLMS) in the legs were scored and the 
PLMS index was calculated as the number of leg movements per hour of 
sleep in a series of 4 or more movements with duration between 0.5 and 10 
seconds and interval movement duration between 5 and 90 seconds (210).

EEG activity during wakefulness and sleep. The EEG activity during wake-
fulness was recorded at the beginning of the V-PSG while the patient was 
lying awake in bed. We visually evaluated 1) the dominant occipital back-
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ground frequency (with the help of a power/frequency spectrum analyzer; 
Coherence 7.0, Deltamed-Paris, France), 2) the presence of abnormal slow 
activity, and 3) the reactivity to eye opening and closure. Reactivity of the 
EEG was considered abnormal when eye opening elicited only partial at-
tenuation or no changes in the dominant occipital activity (211). Sleep 
stages and associated events were scored by two investigators (AFA, JS) 
according to standard criteria when possible (208), with specific consid-
erations in patients in whom the standard criteria could not be applied 
because of abnormal sleep architecture (212,213). The following specific 
considerations were included:

a) Scoring sleep onset in patients with the persistence of the occipital al-
pha/theta activity that was seen in wakefulness when theta/delta activi-
ty in the frontal channels, slow eye movements in the EOG, and unequiv-
ocal behavioral manifestations of sleep (e.g., snoring) were recorded.

b) Scoring stage N2 whenever K complexes or sleep spindles were pres-
ent, even if the spindle frequency was <11 Hz (but was faster than the 
background occipital frequency seen in wakefulness) had typical sleep 
spindle duration (>0.5 seconds) and spatial distribution (maximal am-
plitude in central derivations) (208).

c) Scoring undifferentiated NREM sleep stage as those epochs with dif-
fuse irregular delta-theta EEG activity of 0.5-4 Hz and 40-50 μV, that was 
clearly different from the dominant occipital background activity seen 
during wakefulness. This stage lacked vertex sharp waves, K complexes, 
sleep spindles and rapid eye movements. In some patients with undiffer-
entiated NREM sleep, periods of delta-theta activity of 0.5-4 Hz with low to 
moderate amplitude (20-40 μV) were clearly distinguishable from other 
periods of delta activity of 0.5-1 Hz with higher amplitude (60-70 μV). 
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We termed these two types of periods light (amplitude 20-40 μV) and 
deep (amplitude 60-70 μV) undifferentiated NREM sleep, respectively. 

d) Scoring REM sleep even in the presence of excessive EMG activity in the men-
talis muscle channel and the occurrence of prominent intermittent delta ac-
tivity in the EEG when other variables (e.g., rapid eye movements and typical 
behavioral manifestations of RBD) were highly indicative of this sleep stage. 

Abnormal behavioral manifestations. We evaluated the motor and vocal man-
ifestations detected in the audiovisual recording during wakefulness, the 
transition from wakefulness to sleep, the different sleep stages, and arousals, 
considering all the information obtained from the EEG, EOG, EMG and the 
audiovisual recording. The abnormal manifestations occurring upon arous-
als from sleep were classified according to the  sleep stage that preceded the 
arousal, their apparent trigger, duration of the manifestations, the state of 
the eyes (open or closed), the type of observed movement or behavior, and 
its apparent emotional component during the event (quiet or agitated). 

Diagnosis of RBD. Given the difficulties to obtain accurate information by 
clinical history about the occurrence and type of abnormal sleep behaviors 
in a number of patients (due to their cognitive problems or to the lack of 
a reliable informant) the presence of a chronic history of dream-enacting 
behaviors was not considered essential for the diagnosis of RBD in this 
study, although we evaluated its possible presence by means of the sleep 
expert interview and the MSQ. RBD was diagnosed in patients in whom 
V-PSG demonstrated excessive EMG activity in REM sleep linked to abnor-
mal vocalizations, movements or behaviors detected in the synchronized 
audiovisual recording  (214) For the measurement of EMG activity in REM 
sleep we followed the SINBAR method where a trained neurologist (AFA) 
visually quantified “any” (tonic, phasic or a combination of both) EMG ac-
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tivity in the mentalis muscle and phasic EMG activity in the right and left 
FDS muscles (SINBAR montage) in 3-second mini epochs (215). Following 
this method, EMG activity in REM sleep was classified as excessive when 1) 
the rate of “any” EMG activity in the mentalis was ≥21.8% or 2) the rate of 
“any” EMG activity in the mentalis plus the phasic EMG activity in both FDS 
was ≥32%, measured in 3-second mini epochs (215). Because the EMG 
quantification of the mentalis plus the FDS is more sensitive to diagnose 
RBD than the mentalis alone, the former was used in all individuals except 
in one subject who due to artifacts in the upper limb EMG channels, EMG 
activity could not be measured in the FDS (215). RBD was also diagnosed 
in those cases in whom V-PSG demonstrated vigorous behaviors in REM 
sleep typical of RBD (e.g., repetitive prominent body jerking, punching, 
screaming) even though the quantified EMG activity in REM sleep was not 
excessive (216). In subjects with RBD, the intensity of the motor events and 
vocalizations seen in the video was classified as mild (e.g., body jerking, 
groaning), moderate (e.g., raising the arms, talking) or severe (e.g., punch-
ing, shouting) according to a system developed in our sleep center (217).

Patients with excessive EMG activity in REM sleep not associated with ab-
normal behaviors were categorized as having isolated REM sleep without 
atonia and without RBD (218).

We invited the patients to undergo a second V-PSG study when in the base-
line study 1) the total sleep time was less than 90 minutes, 2) REM sleep was 
not recorded or lasted less than 10 minutes, 3) RBD was not demonstrated 
when the clinical history was highly suggestive of this parasomnia and no 
other causes of dream-enacting were identified, and 4) the need of CPAP ti-
tration to eliminate sleep breathing disorder in subjects with AHI >15.  
The ethical committees at our institutions approved the study and all pa-
tients or their caregivers, when appropriate, gave written informed consent. 
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Statistical Analysis 

Descriptive data are reported in mean, standard deviation, frequency and per-
centage. We analyzed differences between patients 1) who did and did not 
accept to participate in the study, 2) with and without RBD, and 3) with dom-
inant occipital frequency during wakefulness faster or slower than 8 Hz. Com-
parisons were done using the Student t-test and Chi-square test. We performed 
Pearson correlations between the rate of EMG activity in REM sleep and the 
dominant EEG occipital frequency in wakefulness. For the diagnosis of RBD 
we calculated the sensitivity, specificity, positive predictive value and negative 
predictive value of the clinical interview by the sleep expert and of the MSQ. P 
values less than 0.05 were considered to be significant. All analyses were done 
with SPSS version 18.0 (Armonk, IBM Corp, NY, USA). 

Results

Participants and clinical assessment
Eighty-two consecutive patients, 43 women and 39 men with a mean age of 
78.8 ± 5.8 (range, 61-92) years were invited to participate and 35 (42.7%) 
accepted. There were more men in the group of patients who accepted to 
participate in the study compared with the group of patients who did not 
accept (65.7% vs. 34.0%, p=0.004). Other that the uneven gender distri-
bution, there were no demographic or clinical differences between patients 
who accepted and did not accept to be enrolled (data not shown). Reasons 
for not participating were 1) difficulty of the relatives and caregivers’ to 
accompany the patients to the sleep visit and nocturnal V-PSG study, and 2) 
patient refusal to undergo further assessments. 

The 35 patients included in the study were 23 (65.7%) men and 12 
(34.3%) women with a mean age of 77.7 ± 6.1 (range, 61-86) years and 
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a mean DLB duration of 0.9 ± 1.4 (range, 0.3-5) years. Thirty (85.7%) 
patients had parkinsonism, 24 (68.6%) fluctuations and 24 (68.6%) recur-
rent visual hallucinations. All but three patients were treated with central 
nervous system active medications including cholinesterase inhibitors in 26 
(74.3%), antidepressants in 13 (37.1%), benzodiazepines in 12 (34.3%), 
dopaminergic agents in 11 (31.4%) and neuroleptics in seven (20.0%). 
Five patients were treated with clonazepam because their neurologists sus-
pected RBD by clinical history (without having V-PSG confirmation). Two 
patients were using CPAP for obstructive sleep apnea that was diagnosed 
by PSG in other institutions.

Sleep wake assessments  
Sleep-related symptomatology. All but one patient was accompanied by 
a family member or caregiver who helped to complete the sleep history, 
but only 17 (48.6%) had a reliable bed partner to describe the patients’ 
nocturnal behavior. Six (17.1%) patients had sleep onset insomnia, eight 
(22.9%) sleep fragmentation, and six (17.1%) early awakenings. The mean 
Pittsburg Sleep Quality Index score was 6.8 ± 3.3 (range, 1-13) points, and 
19 (54.3%) subjects had a score >5 points. The mean Epworth Sleepiness 
Scale score was 9.6 ± 5.3 (range, 1-24) points and 13 (37.1%) subjects 
had an Epworth Sleepiness Scale score >10 points. Twenty-one (60.0%) 
informants reported loud snoring and seven (20.0%) witnessed apneas 
during the patients’ sleep. Six (17.1%) patients had restless legs syndrome.  
Ten (28.6%) patients experienced visual hallucinations only during the 
night or that were more vivid during darker periods of the day. Sixteen 
(45.7%) patients recalled unpleasant dreams. Abnormal behaviors at night 
were reported in 27 (77.1%) patients. Seven (20%) subjects had awaken-
ings from nocturnal sleep with inappropriate responsiveness to the envi-
ronment. Twenty-one (60%) had episodes of vocalizations and vigorous 
behaviors at night (e.g., talking, shouting, punching, falling or getting out 
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of bed). In 19 of these 21, the manifestations were suggestive of RBD ac-
cording to the sleep expert. The abnormal behaviors resulted in injuries in 
eight (22.9%) individuals: ecchymosis in four, lacerations in three and both 
ecchymosis and lacerations in one subject. 

Despite the high frequency of sleep complaints, only five (14.3%) patients 
sought medical help for sleep problems before the start of the current study.

Video-polysomnography (Figure 1, Table 1). Thirty-two of the 35 patients 
(91.4%) accepted to undergo V-PSG. Sleep was not attained in one patient 
who experienced hallucinations, agitation and aggressiveness during the 
V-PSG. In one patient only 26 minutes of stage N1 were recorded. In the 
remaining 30 patients more than 30 (range 98-432) minutes of sleep were 
recorded. Among these 30 individuals, REM sleep was not achieved in two 
patients. One subject achieved REM sleep for only 30 seconds and another 
for only 2.5 minutes. In 26 subjects REM sleep was recorded for more than 
three minutes with a mean of 46.5 ± 27.3 (range, 9.5-106.5) minutes.    
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Table 1. Sleep findings in the 31 patients who achieved sleep during video-polysomnography

 SLEEP PARAMETERS (n=31)

Sleep efficiency, (%) 64.8 ± 20.3
(6.0-94.5)

Total sleep time, (min) 303.4 ± 93.4
(26.5-432.0)

Sleep onset latency, (min) 38.3 ± 50.9
(0.5-233.5)

Awakenings, (n) 7.7 ± 12.1 (0-59.5)

Arousal index (n) 26.2 ± 17.1 (2.2-71.2)

AHI, (n) 18.9 ± 16.3 (0-59.6)

CT90, (%) 11.2 ± 21.9 (0-90)

PLMSI, (n) 26.7 ± 35.9 (0-136)

 NREM SLEEP PARAMETERS (n=31)*

Conventional NREM sleep (n=26)

N1 (%) 19.4 ± 15.0

N2 (%) 57.9 ± 14.4

N3 (%) 12.5 ± 13.9

Sleep spindle frequency (Hz)
(n=26)

9.5 Hz (n, %) 1(3.8)

10 Hz (n, %) 2 (7.7)

10.5 Hz (n, %) 1 (3.8)

11 Hz (n, %) 4 (15.4)

≥12 Hz (n, %) 18 (69.2)

Undifferentiated NREM sleep (n=4) 

Stable undifferentiated NREM sleep (n=1)(%) 91.6

Undifferentiated   light and deep 
NREM sleep (n=3)

Light NREM sleep (%) 51.6 ± 17.8

Deep NREM sleep (%) 26.2 ± 3.5

REM SLEEP PARAMETERS (n=28)**

REM sleep latency, (min) 182.9 ± 116.9 
(51.5-430.0)

REM sleep, (min) 43.2 ± 28.8 
(0.5-106.5)

REM sleep, (%) 14.3 ± 8.4 
(0.5-28.5)

Presence of sawtooth waves, n (%) 10(38.5)

Background EEG activity, n (%)

Alpha 4 (14.3)

Theta 17 (60.7)

Delta 5 (17.9)
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 SLEEP PARAMETERS (n=31)

30-second epochs of REM sleep, (n)
80 ± 50.2 
(11-215)

3-second mini epochs of REM sleep, (n)
813.8 ± 513.4 
(132-2136)

Phasic and tonic EMG activity in the mentalis, (%) ***
24.1 ± 24.9 
(0-100)

Phasic and tonic EMG activity in the mentalis plus phasic EMG 
activity in the FDS in REM sleep, (%) +

31.9 ± 27.7 
(0-100)

Excessive muscular activity, n (%) ++ 11 (44.0)

Abnormal movements and behaviors, n (%) 13 (50.0)

Excessive EMG activity plus abnormal movement and behaviors, 
n (%) 

11 (42.3)

Values are expressed as mean ± standard deviation, number, frequency and range. AHI: Apnea-hypoap-
nea index; CT90: Percentage of sleep time with oxyhemoglobin saturation below 90%; PLMSI: Periodic 
leg movements in sleep index; NREM: Non rapid eye movements; EMG: Electromyography; FDS: Flexor 
digitorum superficialis.

*: One patient only achieved N1 and 21 patients did not achieve N3.
**: REM sleep was not recorded in three of the 31 patients that underwent v-PSG and sleep was recorded. 
***: Percentage of phasic and tonic electromyographic activity in the mentalis muscle measured in mini 
epochs of 3-seconds in the patients who achieved REM sleep without artifacts in the mentalis muscle 
lead (n=26). 
+: Percentage of phasic and tonic electromyographic activity in the mentalis muscle plus phasic elec-
tromyographic activity in the bilateral flexor digitorum superficialis measured in mini epochs of 3-sec-
onds in the patients who achieved REM sleep without artifacts in the electromyographic leads (n=25). 
++: ≥31.9% of combined phasic and tonic electromyographic activity in the mentalis muscle plus phasic 
electromyographic activity in bilateral flexor digitorum superficialis in 3-seconds mini epochs.
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Figure 1. Flow chart describing the recruitment and video-polysomnographic findings of DLB patients.

Abbreviations: V-PSG: Video-polysomnography; *: REM sleep was not attained in this patient, only stage N1.

We offered repeat V-PSG to the eight patients in whom sleep was not 
recorded (n=1), REM sleep was not attained (n=4), or REM sleep was 
achieved for less than 10 minutes (n=3). Five of these eight patients were 
taking antidepressants. Of these eight patients, three accepted to undergo 
a second study, and REM sleep was achieved in two. 

In the 31 patients in whom sleep was recorded during the V-PSG, sleep 
efficiency was 64.8 ± 20.3%. The mean AHI was 18.9 ± 16.3. A V-PSG 
study with CPAP titration was offered to the 14 (45.2%) subjects who had 
an index >15, but only four accepted. The mean PLMS index was 26.7 ± 
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(n=35)
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(n=2)
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sleep visit  

(n=37)
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35.9, and 14 (45.2%) patients had an index >15. In 10 (32.3%) patients 
PLMS were distributed during NREM sleep across the whole night and in 
two patients persisted during REM sleep. Periodic leg movements during 
wakefulness occurred in 10 (32.3%) patients.

EEG activity during wakefulness and sleep. Abnormal EEG activity during 
wakefulness and sleep occurred in 24 of the 32 (75.0%) patients who un-
derwent V-PSG.

During wakefulness, 21 (65.6%) subjects had alpha rhythm of 8-12 Hz, and 
11 (34.4%) had dominant occipital frequency in the theta range between 5 
and 7.5 Hz (Figure 2). Four (12.5%) patients had diffuse continuous theta 
activity; with superimposed almost continuous delta activity in three, and 
with intermittent bursts of delta activity in one. Decreased reactivity to eye 
opening was present in 14 (43.7%) patients, the majority (71.4%) with 
occipital background frequencies <8 Hz. 
Figure 2. Distribution of the frequency of the posterior background electroencephalographic activity
during wakefulness. 
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In the 31 patients who achieved NREM sleep, one (3.2%) patient only 
attained stage N1, while conventional NREM sleep was recorded in 26 
(83.9%) and undifferentiated NREM sleep was recorded in four (12.9%). 
In NREM sleep, two patients had occasional sharp waves (one patient in 
stages N2 and N3, and the other only in stage N2). Neither of the two pa-
tients with sharp waves had experienced seizures during sleep or had a past 
medical history of epilepsy.

At sleep onset, eight patients showed persistence of the dominant occipital 
alpha/theta activity but it was at least 1 Hz slower than the occipital fre-
quency recorded during wakefulness. Two patients (one with alpha rhythm 
and one with theta activity during wakefulness) had frontal intermittent 
rhythmic delta activity (FIRDA) at sleep onset. In four (12.9%) cases NREM 
sleep onset was characterized by continuous sustained EMG activity in the 
mentalis, and occasional irregular bursts of semi-rapid eye movements in 
the EOG (that is, conjugate eye movements with an initial deflection lasting 
>250 msec or <250 msec but with lower amplitude than those typically 
seen in REM sleep in the same patient). One of these four cases was treated 
with selective serotonin reuptake inhibitors.

Stage N2 was identified in 26 patients. The mean sleep spindle frequen-
cy was 12.2 ± 1.4 (range, 9.5-14) Hz. The sleep spindle frequency was 
slower than 11 Hz in four (15.5%) subjects and slower than 12 Hz in eight 
(30.8%) (Figure 3). 
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Figure 3. Polysomnographic features during wakefulness and stage N2 in two patients with normal 
and slow frequency sleep spindles. Patient 1. A: Quiet wakefulness with normal alpha rhythm (10 Hz); B:  
Stage N2 with normal sleep spindle frequency (13 Hz, arrow). Patient 2. C: Quiet wakefulness with diffuse 
theta activity (7 Hz); D: Stage N2 with slow sleep spindle frequency (10 Hz, arrow).

Abbreviations: EOG: electrooculogram; EEG: electroencephalogram referenced to both ears; Ment: elec-
tromyography of the mentalis muscle. Horizontal bar represents one second. Vertical bar represents
50 μV.

Undifferentiated NREM sleep was identified in four patients. Three had 
periods of both light and deep undifferentiated NREM sleep, while the re-
maining subject had no changes in the amplitude of the slow EEG activity 
during this stage (Figure 4).
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Figure 4. Undifferentiated light and deep NREM sleep in a patient with slow background frequency 
awake. A: Quiet wakefulness with diffuse, posterior predominant, continuous theta activity. B: Undiffer-
entiated light NREM sleep with diffuse, moderate amplitude irregular delta/theta activity in the absence 
of K complexes and sleep spindles. C: Undifferentiated deep NREM sleep with diffuse, higher amplitude 
and slower delta activity in the absence of sleep spindles.

Abbreviations: EOG: electrooculogram; EEG: electroencephalogram referenced to both ears; Ment: elec-
tromyography of mentalis muscle; Note the calibration mark for time/EEG voltage.

In five out of the 26 (19.2%) patients in whom REM sleep was recorded dur-
ing more than three minutes, the REM sleep periods showed delta slowing 
(1-1.5 Hz) with moderate amplitude (30-50 μV), either diffuse or predomi-
nantly in the occipital derivations (Figure 5). In three of these five cases, the 
delta activity decreased in amplitude when rapid eye movements appeared, 
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and in the remaining two the delta activity was unmodified during the entire 
duration of the REM sleep period. In all five patients the occipital background 
frequency during wakefulness was <8 Hz. 
Figure 5. Intermittent delta slowing of moderate amplitude during REM sleep that is diffuse (A) or pre-
dominantly occipital (B).

Abbreviations: EOG: electrooculogram; EEG: electroencephalogram referenced to both ears; Ment: elec-
tromyography of the mentalis muscle; EKG: electrocardiogram; NAS: nasal air flow; THO: thoracic res-
piratory movement; ABD: abdominal respiratory movement; FDS: electromyogram of the left (L) and 
right (R) flexor digitorum superficialis; AT: electromyography of the left (L) and right (R) anterior tibialis. 
Note the calibration mark for time/EEG voltage. Note the excessive electromyographic activity in the 
mentalis muscle and limbs related to REM sleep behavior disorder.   

Abnormal behavioral manifestations. During wakefulness, two patients had 
abnormal behaviors with the eyes closed, as soon as the lights were turned 
off for the start of the V-PSG study. In one of these two cases, V-PSG showed 



92

the patient gesturing (picking non-existing objects from the air) with the eyes 
closed while the EEG showed diffuse slow theta/delta activity of moderate 
amplitude that was attenuated when the finalistic behaviors occurred (Video 
1). This pattern of EEG activity was the same that the patient had during quiet 
wakefulness with the eyes closed and lights on. In this patient, V-PSG showed 
RBD. The other case had complex nocturnal visual hallucinations. She report-
ed a six-year history of talking for hours during the night as soon as she laid 
down in bed and the lights were switched off. V-PSG showed complex motor 
and vocal manifestations that occurred with the eyes closed and included 
hand gesturing, kissing like movements, and speaking for three hours in what 
appeared to be a quiet but emotional conversation with someone about sever-
al topics such as a dance party, recipes and medical research (Video 2). During 
the speech she made intermittent pauses to apparently “listen to her partner”. 
Simultaneous EEG during the speech episode showed alpha rhythm intermin-
gled with theta activity (sometimes interrupted by glosso-kinetic artifacts due 
to talking). The background EEG activity of this patient during quiet wakeful-
ness with the eyes closed and the lights on showed theta/delta slowing and 
no alpha rhythm. This patient did not achieve REM sleep during the V-PSG 
study. When asked the next day about this long speech episode she admitted 
experiencing well-defined visual and auditory hallucinations (an unknown 
person talking to her) with preserved insight and that she felt the need to in-
teract with the hallucination by having a conversation about ordinary topics. 

During the transition from wakefulness to sleep, one patient had an episode 
of hallucinatory-like behaviors, with the eyes closed, consisting in gesturing 
(picking imaginary objects from the air) and dialogue-like vocalizations while 
she intermittently snored (Video 3). The EEG during this episode showed 
continuous delta rhythm with superimposed bursts of FIRDA. This EEG pat-
tern was different from the alpha rhythm that the patient had during quiet 
wakefulness with the eyes closed. The informant of this patient reported a 
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history suggestive of RBD but PSG excluded this parasomnia (rate of EMG 
activity in REM sleep was 16.9% without abnormal behaviors in REM sleep) 
and only showed abnormal behaviors during the wake-sleep transition. 

Upon arousals from sleep, ten (31.2%) patients displayed abnormal behav-
iors that appeared to be acting out a dream (e.g., gesturing, talking, shout-
ing) (Table 2). The most frequent manifestations were of short (<15 sec-
onds) duration, and occurred at the end of obstructive apneic events (Video 
4) and, less frequently, during prominent periodic limb movements. These 
short events arose from arousals occurring in the transition from wakefulness 
to stage N1, from stage N2 and from REM sleep.

Three patients (Table 2, patients 1, 2 and 10) displayed abnormal behaviors 
during arousals from REM sleep that were of short duration. They were not 
violent and consisted in vocalizations and gesturing (picking inexistent ob-
jects from the air). In two of these three patients, the trigger of the arousals 
was the end of an apneic event. None of these three patients had RBD. 
In one patient, episodes of >15 seconds arose during spontaneous or 
noise-induced arousals from stage N3 (Table 2, patient 8). The episodes were 
clinically similar to the confusional arousals that are typically seen in NREM 
sleep parasomnias (e.g., opening the eyes and looking around, and talking 
as if the patient was threatened by someone) (Video 5). This patient had no 
past medical history of NREM sleep parasomnia or other sleep disorders. 

The clinical history of one patient (Table 2, patient 10) was suggestive of 
RBD but V-PSG excluded this parasomnia (rate of EMG activity in REM sleep 
was 9.7% without abnormal behaviors in REM sleep) and demonstrated vo-
calizations during the arousals that occurred immediately after apneic events 
in REM sleep (the AHI in REM sleep was 55). In this patient, treatment with 
CPAP eliminated unpleasant dreams and dream-enacting behaviors. 
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Table 2. Abnormal manifestations during arousals arising from sleep

PATIENT, 
GENDER,
AGE (Y) 

PRECE-
DING 
STAGE

TRIGGER DURATION 
OF THE 
BEHAVIOR
(SEC)

STATE 
OF THE 
EYES

APPARENT 
EMOTION

TYPE OF 
MANIFESTATION 
(NUMBER OF 
EPISODES)

1,F,71 Transition  
from 
wakeful-
ness to N1

None 3 Closed Quiet Gesturing (1),
talking (1)

2,M,82 N2 End of 
apnea

2 Closed Quiet Raising the head (2), 
body jerking (5), moan-
ing (2) 

2,M,82 N2 End of 
apnea

6 Closed Quiet Whispering (2), 
moaning (1), talking 
(1), moving the head 
and legs(1), crossing 
fingers (1)

3,F,86 N2 End of 
apnea

3 Closed Quiet Vocalization (1), grab-
bing the sheet (1) 

4,M,82 N2 End of 
apnea

4  Closed Quiet Moaning (3)

5,F,85 N2 Snore 3 Closed Agitated Shouting (1)

6,F,80 N2 End of 
apnea

5 Closed Quiet Vocalization (1)

7,M,74 N2 Periodic 
limb move-
ments

5 Closed Quiet Gesturing (4), raising 
the arm (2), moving the 
arms and mouth (1)

8,M,76 N2 External 
noise

5 Open Agitated Talking (1), sitting up in 
bed (1)* 

9,M,80 N2 None 12 Closed Quiet Touching the nose (1)

9,M,80 N2 None 14 Open Quiet Gesturing as “picking 
things”(1)*

8,M,76 N3 None 40 Open Quiet Looking around (1)

8,M,76 N3 External 
noise

45 Closed Agitated Talking such as threat-
ening a person (1)*

8,M,76 N3 None 70 Open Quiet Touching the bed rails 
(1)

10,M,80 REM End of 
apnea

1 Closed Quiet Vocalization (3)

2,M,82 REM End of 
apnea

3 Closed Quiet Gesturing as “picking 
things” (1)

1,F,71 REM None 14 Open Quiet Talking (1)*

M: Male; F: Female; *: Behaviors that resulted in an awakening.
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The clinical history of another patient (Table 2, patient 7) was also sug-
gestive of RBD which was excluded by V-PSG (rate of EMG activity in REM 
sleep was 8.5% without abnormal behaviors in REM sleep) that showed 
dream-enacting behaviors during the arousals that were linked to promi-
nent periodic limb movements in NREM sleep involving not only the legs 
but also the whole body with a PLMS index of 68.

Diagnosis of RBD. RBD was found in 13 (50.0%) of the 26 patients in whom 
REM sleep was recorded during more than three minutes (Table 3). These 
were ten (76.9%) men and three (23.1%) women with a mean age of 77.4 
± 5.7 (range, 64-86) years, and a mean percentage of EMG activity in 
REM sleep of 53.7 ± 26.6 (range, 17.7-100) (Figure 6). Eleven (84.6%) 
out the 13 RBD patients had a clinical history suggestive of RBD, but eight 
(72.7%) had no recollection of their abnormal sleep behaviors and the 
relevant information had to be obtained from the caregiver. The two re-
maining RBD patients (Table 3, patients 6 and 7) were two men who were 
not aware of displaying dream-enacting behaviors and had no witness to 
describe their nocturnal sleep. Seven of the 13 (53.8%) patients with RBD 
recalled unpleasant dreams and five (38.5%) suffered injuries due to RBD 
episodes. RBD onset preceded cognitive decline in seven (63.6%) patients 
(six men, mean interval of 15.7 ± 6.2, range 8-25 years), coincided with 
cognitive impairment in three (27.3%) (one man and two women), and 
developed after the onset of cognitive decline in one (9.1%) man by five 
years. None of the patients and informants reported a temporal association 
between RBD onset and the introduction or withdrawal of a medication. In 
the 13 patients with RBD, the abnormal behaviors seen during REM sleep 
in the V-PSG were classified as severe in seven (53.8%), moderate in three 
(23.1%) and mild in three (21.3%) (Video 6).
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Figure 6. REM sleep behavior disorder showing excessive electromyographic activity in REM sleep 
mainly in the mentalis muscle (A), only in the limb muscles (B) and in both mentalis and limb muscles (C).
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Abbreviations: EOG: electrooculogram; EEG: electroencephalogram referenced to both ears; Ment: elec-
tromyography of the mentalis muscle; EKG: electrocardiogram; NAS: nasal air flow; THO: thoracic res-
piratory movement; ABD: abdominal respiratory movement; FDS: electromyogram of the left (L) and 
right (R) flexor digitorum superficialis; AT: electromyography of the left (L) and right (R) anterior tibialis. 
Note the calibration mark for time/EEG voltage.Abbreviations: RBD: REM sleep behavior disorder; V-PSG: 
Video-polysomnography; H-L: Hallucinatory-like behaviors; PLMD: Periodic limb movement disorder; 
OSAHS: Obstructive sleep apnea-hypoapnea syndrome; *: RBD was diagnosed in nine patients in the 
baseline study. In two patients RBD was diagnosed in a second study (one case because REM sleep was 
not attained in the baseline study and in the other case because REM sleep was normal in the baseline 
study); **: One patient did not achieve sleep during V-PSG and refused to undergo a second study. In 
one patient only 2.5 minutes of REM sleep were recorded and they refused to undergo a second study. 
In one patient REM sleep was not recorded in both the baseline and the second V-PSG study; ***: In two 
patients REM sleep was not recorded and both patients refused to undergo a second V-PSG study. In 
the remaining patient only 0.5 minutes of REM sleep were attained, and a second study was refused.
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Table 3. Clinical and video-polysomnographic findings during REM sleep in the 13 patients with RBD

PATIENT  GENDER, AGE 
(Y)

CLINICAL 
HISTORY 
SUGGESTIVE 
OF RBD

SEVERITY OF 
BEHAVIORS 
DURING REM 
SLEEP*

BEHAVIORS IN REM 
SLEEP DURING V-PSG

EMG 
ACTIVITY 
IN REM 
SLEEP 
(%)**

1 M,79 Yes Severe Punching and kicking 71.4

2 M,76 Yes Severe Waving the arms vigor-
ously, whole body jerks 

65.9

3 M,80 Yes Severe Waving the arms vigor-
ously, groaning 

65.5

4 M,75 Yes Severe Kicking, screaming, 
gesturing, groaning 

56.2***

5 M,86 Yes Severe Kicking 36.5

6 M,64 No Severe Gesturing and waving 
the arms vigorously, 
whole body jerks

20.8+

7 M,79 No Severe Kicking 17.7+

8 M,80 Yes Moderate Gesturing, moaning 100

9 M,78 Yes Moderate Gesturing, groaning, 
whole body jerks

71.5

10 M,72 Yes Moderate Talking, whole body 
jerks

70.7

11 F,72 Yes Mild Groaning, prominent 
limb jerks

46.2

12 F,83 Yes Mild Upper limb jerks 36.6

13 M,82 Yes Mild Limb jerks, whole body 
jerks

34.9

M:Male; F:Female; *: Severity of behaviors during REM sleep recorded during video-polysomography was 
assessed according to a system previously described in our center (reference 34); **: Percentage of 
combined phasic and tonic electromyographic activity in the mentalis muscle plus phasic electromy-
ographic activity in the bilateral flexor digitorum superficialis measured in mini epochs of 3-seconds in 
the patients who achieved REM sleep without artifacts in the electromyographic leads (n=12); ***: Due to 
technical artifacts in the upper limb electromyographic leads, the activity could only be quantified in the 
mentalis muscle. Phasic and tonic electromyographic activity in the mentalis was above the cut-off val-
ue of 18.1% for the diagnosis of REM sleep behavior disorder (reference 32). Video analysis of this patient 
showed prominent abnormal behaviors in the extremities in REM sleep ; +: Quantification of EMG activity 
in REM sleep was below the cut-off of 32% but audiovisual recording showed abnormal manifestations 
typical of REM sleep behavior disorder.
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RBD was diagnosed in ten patients in the baseline V-PSG study. RBD could 
not be diagnosed in three cases in the baseline study because REM sleep 
was not recorded y in one, REM sleep lasted less than 10 minutes in an-
other, and for the third case, the baseline study showed normal REM sleep 
while the clinical history was highly suggestive of RBD and other causes of 
dream-enactment were not detected in the V-PSG. For all three, RBD was 
diagnosed in a second V-PSG study. 

Three of the five patients who were treated with clonazepam prior to the study 
because their physicians suspected RBD, were confirmed to have RBD by V-PSG. 
Of the remaining two patients, one had normal REM sleep and no abnormal 
manifestations disclosed in the V-PSG study, and the other was diagnosed with 
obstructive sleep apnea mimicking RBD symptomatology (Table 2, patient 10).

According to the clinical history obtained by the sleep expert, 19 (54.3%) 
out of the 35 DLB patients evaluated had a history suggestive of RBD (Fig-
ure 7). In these 19 subjects, REM sleep was recorded in 15 (78.9%) and 
RBD was confirmed in 11 (73.3%). The remaining four subjects did not 
have RBD but had abnormal conditions seen outside REM sleep that mim-
icked RBD (one with hallucinatory-like behaviors in the transition from 
wakefulness to sleep, one with arousals related to prominent periodic body 
movements, and one with apneas related arousals; Table 2, patients 1, 7 
and 10 respectively) and one had normal REM sleep without abnormal 
movements and without excessive EMG activity. Two patients with RBD 
confirmed by V-PSG (Table 3, patients 6 and 7) had no clinical history sug-
gestive of RBD (patients did not recall displaying abnormal sleep behaviors 
and had no bed partners to provide additional information) (Figure 7). 
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Figure 7. Video-polysomnographic findings and diagnosis of REM sleep behavior disorder in patients
with and without clinical history suggestive of this parasomnia.

We identified one patient with isolated REM sleep without atonia without 
RBD in whom the clinical history was not suggestive of RBD but V-PSG 
showed excessive EMG activity in REM sleep (37.7%) without associated 
abnormal behaviors (Figure 7). 
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RBD could not be confirmed or excluded in three patients with a suggestive 
clinical history of this parasomnia. Two of these patients did not attain REM 
sleep and in one, REM sleep was less than three minutes. All were taking 
antidepressants. One accepted to undergo a second study but REM sleep 
was still not recorded and the other two refused the second study. 

For the diagnosis of RBD, sensitivity of the clinical history taken by the 
sleep expert was 84.6%, specificity 66.7%, positive predictive value 73.3%, 
and negative predictive value 81.8%.

The MSQ could only be administrated to 17 informants; nine (52.9%) re-
sponded affirmatively and eight (47.1%) negatively (Figure 8). Among the 
nine informants who gave an affirmative answer, five patients had RBD, in an-
other patient the V-PSG showed normal REM sleep but obstructive sleep apnea 
mimicking RBD symptoms, and in the remaining three patients REM sleep was 
not attained. Of the eight patients whose informants gave a negative answer, 
five had RBD, RBD was excluded in two, and REM sleep was not achieved 
in one. For the diagnosis of RBD, sensitivity of the MSQ was 50%, specificity 
66.7%, positive predictive value 83.3%, and negative predictive value 28%.
Between patients with and without RBD, there were no differences in de-
mographic and clinical data and in medication use. Compared with pa-
tients without RBD, those with RBD had slower sleep spindle frequency and 
a higher rate of EMG activity in REM sleep (as expected). The RBD group 
had more patients without sleep spindles and delta EEG activity in REM 
sleep compared to the group without RBD (Table 4). 
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Figure 8. Video-polysomnographic findings and diagnosis of REM sleep behavior disorder according to
the answer of the Mayo sleep questionnaire

Abbreviations: RBD: REM sleep behavior disorder; V-PSG: Video-polysomnography; OSAHS: Obstructive 
sleep apnea-hypoapnea syndrome; *: One patient did not attain any sleep during V-PSG and refused to 
undergo a second study. In one patient only 2.5 minutes of REM sleep were recorded and refused to 
undergo a second study. In one patient REM sleep was not recorded in both the baseline and the second 
V-PSG study.
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Table 4. Demographic, clinical and sleep characteristics of patients with and without REM sleepbehav-
ior disorder

RBD NO RBD P
VALUE

Patients, (n) 13 13

Male sex, n (%) 10 (76.9) 6 (46.2) 0.226

Age at V-PSG, y 77.4 ± 5.7
(64.0-86.0)

78.4 ± 6.2
(69.0-86.0)

0.672

Age at DLB diagnosis,  
Y

76.2 ± 4.9
(64.0-83.0)

76.8 ± 5.8
(67.0-85.0)

0.774

Visual hallucinations, n (%) 8 (61.5) 9 (69.2) 1.000

Fluctuations, n (%) 10 (76.9) 6 (46.2) 0.226

Parkinsonism, n (%) 12 (92.3) 9 (69.2) 0.322

Epworth Sleepiness Scale 
score, n

8.9 ± 3.7
(4-16)

10.2 ± 6.7
(1-24)

0.595

Benzodiazepines, n (%) 4 (30.8) 6 (46.2) 0.688

Antidepressants, n (%) 3 (23.1) 6 (46.2) 0.411

Cholinesterase inhibitors, 
n (%)

8 (61.5) 10 (76.9) 0.673

Dopaminergics, n (%) 4 (30.8) 4 (30.8) 1.000

Neuroleptics, n (%) 3 (23.1) 4 (30.8) 1.000

Occipital EEG frequency in 
wakefulness, n

7.8 ± 1.7
(5.0-12.0)

8.7 ± 9.7 
(6.5-10.0)

0.132

Decreased reactivity in 
wakefulness*, n (%)

8 (61.5) 4 (30.8) 0.238

Sleep efficiency, (%) 69.8 ± 16.3
(41.0-94.5)

64.8 ± 20.3
(22.0-94.0)

0.420

Total sleep time, (min) 323.2 ± 68.5
(190.0-414.0)

306.8 ± 94.8
(98.0-432.0)

0.619

Sleep onset latency, (min) 20.7 ± 18.6
(0.5-61.0)

42.3 ± 49.2
(2.5-163-0)

0.151

Sleep spindle frequency, (n) 11.2 ± 1.3
(9.5-14.0)

12.8 ± 1.4
(10.0-14.0)

0.013
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RBD NO RBD P
VALUE

Absence of sleep spindles, 
n (%)

4 (30.8) 0 (0) 0.035

Arousal index, (n) 18.5 ± 12.2
(2.2-41.7)

30.2 ± 20.3
(3.2-71.2)

0.088

Awakenings, (n) 8.3 ± 16.2
(0-27.0)

6.9 ± 2.4
(0-59.5)

0.788

AHI, (n) 20.2 ± 18.8
(0-37.4)

14.9 ± 12.6
(1.0-59.6)

0.430

CT90, (%) 11.1 ± 23.8
(0-80.0)

13.7 ± 25.1
(0-90.0)

0.803

PLMSI, (n) 38.1 ± 47.4
(0-136.0)

23.8 ± 25.0
(0-67.6)

0.348

Delta activity in REM sleep, 
n (%)

5 (38.5) 0 (0.0) 0.020

REM sleep latency, (min) 118.8 ± 85.4
(51.5-321.5)

214.4 ± 104.8
(74.5-430.0)

0.018

REM sleep, (min) 45.3 ± 31.5
(14-106.5)

43.8 ± 26.2
(9.5-94.0)

0.891

REM sleep, (%) 15.5 ± 9.3
(3.9-28.5)

13.9 ± 7.0
(4.5-27.2)

0.623

Phasic and tonic EMG activi-
ty in the mentalis plus phasic 
EMG activity in the FDS in 
REM sleep**, (%)

53.1 ± 24.7
(17.7-100)

13.2 ± 10.1
(2.8-37.2)

<0.001

Values are expressed as mean ± standard deviation, number, frequency and range; *: Eye opening partial 
elicited or no changes in the occipital dominant activity; **: Activity measured in 3-second mini epochs; 
AHI: Apnea-hypoapnea index; CT90: Percentage of sleep time with oxyhemoglobin saturation below 
90%; PLMSI: Periodic leg movements in sleep index; RBD: REM sleep behavior disorder; EMG: Electromy-
ography; FDS: Flexor digitorum superficialis.

There were no demographic, clinical or medication use differences between 
patients with slow (<8Hz) and alpha (8-12 Hz) occipital rhythm during wake-
fulness. Those with slow frequency when awake more often had decreased 
reactivity in wakefulness, slower sleep spindle frequency, absent sleep spindles, 
increased delta EEG activity in REM sleep, higher prevalence of RBD diagnosis, 
and greater rate of EMG activity in REM sleep (Table 5). There was a negative 
correlation between the occipital EEG frequency during wakefulness and the 
EMG activity in the mentalis during REM sleep (r=-0.542; p=0.004) and a 
tendency towards significance when the mentalis EMG activity was combined 
with the FDS in REM sleep (r=-0.363; p=0.07) (Figure 9).
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Figure 9. Correlation between the electromyographic activity in REM sleep and the frequency of the 
occipital electroencephalographic activity during wakefulness.

Table 5. Demographic, clinical and sleep characteristics according to the occipital frequency of the 
electroencephalographic occipital activity during wakefulness

<8 HZ ≥8 HZ P
VALUE

Patients, (n) 11 21

Male sex, n (%) 7 (63.6) 13 (61.9) 1.000

Age at V-PSG, y 75.8 ± 6.0
(64.0-85.0)

79.5 ± 4.9
(69.0-86.0)

0.075

Age at DLB diagnosis,  
Y

75.3 ± 5.8
(64.0-84.0)

77.7 ± 4.4
(67.0-85.0)

0.204

Visual hallucinations, n (%) 7 (63.6) 15 (71.7) 0.703

Fluctuations, n (%) 7 (63.6) 14 (66.7) 1.000

Parkinsonism, n (%) 9 (81.8) 18 (85.7) 1.000

Epworth Sleepiness Scale 
score, n

11.3 ± 5.6
(5-24)

8.8 ± 5.1
(1-18)

0.229

Benzodiazepines, n (%) 2 (18.2) 10 (47.6) 0.139

Antidepressants, n (%) 3 (27.3) 10 (47.6) 0.450

Cholinesterase inhibitors, n 
(%)

9 (81.8) 15 (71.4) 0.681

Dopaminergics, n (%) 5 (45.5) 5 (23.8) 0.252

Neuroleptics, n (%) 3 (27.3) 4 (19.0) 0.667
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<8 HZ ≥8 HZ P
VALUE

Occipital EEG frequency in 
wakefulness, n

6.7 ± 0.7
(5.0-7.5)

9.2 ± 1.1
(8.0-12.0)

<0.001

Decreased reactivity in wake-
fulness*, n (%)

10 (90.9) 4 (19.0) <0.001

Sleep efficiency, (%) 66.4 ± 17.6
(41.0-94.5)

64.0 ± 22.0
(6.0-94.0)

0.706

Total sleep time, (min) 305.2 ± 74.8
(190.0-414.0)

300.5 ± 103.9
(26.5-432.0)

0.898

Sleep onset latency, (min) 18.1 ± 20.4
(0.5-61.0)

48.0 ± 58.2
(2.5-233.5)

0.129

Sleep spindle frequency, (Hz) 11.1 ± 1.0
(10.0-12.0)

12.5 ± 1.4
(9.5-14.0)

0.029

Absence of sleep spindles, 
n (%)

4 (40.0) 0 (0.0) 0.002

Arousal index, (n) 21.2 ± 13.2
(3.2-42.5)

28.5 ± 18.6
(2.2-71.2)

0.274

Awakenings, (n) 6.5 ± 6.8
(0-17.0)

8.3 ± 14.1
(0-59.5)

0.707

AHI, (n) 12.5 ± 8.5
(0.2-23.9)

22.0 ± 18.3
(0-59.6)

0.152

CT90, (%) 12.7 ± 31.4
(0-90.0)

10.5 ± 17.9
(0-80.0)

0.816

PLMSI, (n) 42.2 ± 53.0
(0.7-136)

23.8 ± 25.0
(0-67.6)

0.099

Delta activity in REM sleep, 
n (%)

5 (55.5) 0 (0.0) 0.001

REM sleep latency, (min) 179.5 ± 140.4
(51.5-430.0)

184.8 ± 106.2
(69.0-397.5)

0.911

REM sleep, (min) 45.5 ± 38.0
(0.5-106.5)

41.9 ± 23.4
(2.5-94.0)

0.757

REM sleep, (%) 14.3 ± 10.8
(0.5-28.5)

14.2 ± 7.1
(0.7-27.2)

0.986

RBD, n (%) 7 (77.8) 6 (33.3) 0.046

Phasic and tonic EMG ac-
tivity in the mentalis in REM 
sleep**, (%)

45.2 ± 31.2
(0.6-100)

14.8 ± 14.5
(14.8-14.5)

0.002

Phasic and tonic EMG activity 
in the mentalis plus phasic 
EMG activity in the FDS in 
REM sleep**, (%)

49.2 ± 32.5
(3.9-100)

25.1 ± 23.3
(0-25.1)

0.049

Values are expressed as mean ± standard deviation, number, frequency and range; *: Eye opening partial 
elicited or no changes in the occipital dominant activity; **: Activity measured in 3-second mini epochs; 
AHI: Apnea-hypoapnea index; CT90: Percentage of sleep time with oxyhemoglobin saturation below 
90%; PLMSI: Periodic leg movements in sleep index; RBD: REM sleep behavior disorder; EMG: Electromy-
ography; FDS: Flexor digitorum superficialis.



107

Discussion

In this prospective study, we describe a wide range of sleep-wake abnor-
malities in a consecutive cohort of patients with a diagnosis of DLB with 
mild dementia severity. Patients were enrolled irrespective of the presence 
of sleep complaints. Clinical assessment, sleep questionnaires and detailed 
V-PSG analysis allowed us to provide a complete portrait of sleep in DLB.  
This included a comprehensive description of the EEG abnormalities seen 
in wakefulness and sleep, the types and characteristics of abnormal behav-
iors occurring at night, and the clinical and V-PSG characteristics of RBD. 
In addition, our study examined the utility of the clinical history, the MSQ 
and the V-PSG for the identification of RBD, a parasomnia that currently 
represents a core clinical feature for the diagnosis of DLB (13).

Sleep-related symptomatology
Our work confirms previous studies showing that sleep complaints are fre-
quent in DLB and include a wide range of abnormalities, namely overall 
subjective poor sleep quality, sleep onset and maintenance insomnia, early 
awakenings, loud snoring, witnessed apneas, hypersomnia, restless leg syn-
drome, nocturnal visual hallucinations, unpleasant dreams and abnormal 
behaviors at night (121–123,128–130,134). Our study also confirms that 
V-PSG in DLB commonly reveals reduced mean sleep efficiency, a high num-
ber of patients with elevated number of obstructive apneas, PLMS and RBD 
(128–130,133,134). Paradoxically, only a minority of the patients sought 
medical help for their sleep problems. 

The origin of the sleep disturbances in DLB is complex and heterogeneous 
and may be related to several factors including aging, the effect of some 
medications on sleep (e.g., antidepressants, benzodiazepines, neurolep-
tics), coexisting abnormalities (e.g., parkinsonism, hallucinations), depres-
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sion, and the neurodegenerative process damaging the areas that generate 
and maintain sleep.   

EEG activity during wakefulness and sleep
Abnormal sleep-wake architecture was frequent in DLB and occurred in 
75% of the patients. Abnormalities were 1) slow occipital activity in the 
theta range during wakefulness occasionally combined with delta waves, 
2) persistence during sleep onset of occipital alpha/theta activity at least 
1 Hz slower than the dominant occipital rhythm seen during wakefulness, 
3) FIRDA at sleep onset, 4) semi-rapid eye movements and sustained EMG 
activity at sleep onset, 5) transient sharp waves in NREM sleep, 6) sleep 
spindles of low frequency in stage N2, 7) absence of sleep spindles and K 
complexes in NREM sleep, 8) diffuse or occipital predominant delta slow-
ing of moderate amplitude during REM sleep and, 9) REM sleep without 
muscle atonia.  These findings expand previous studies in DLB that showed 
posterior slow-wave activity, FIRDA, transient slow or sharp waves, and 
decreased reactivity with eye opening during wakefulness (211,219,220). 
Similar to the current study, two publications described abnormalities in 
the sleep architecture in DLB consisting in, as defined by the authors, dis-
sociated sleep (simultaneous presence of elements of wakefulness, NREM 
and REM sleep) and ambiguous sleep (diffuse slow-wave activity alternat-
ing with REM sleep without atonia) (129,221). 

Most of the sleep-wake architecture alterations described in the present study 
in DLB were reported in our series of patients with advanced Parkinson dis-
ease and dementia (222). For example, in Parkinson disease the sleep spin-
dle density is reduced and this is indicative of the development of dementia 
(223–225). The absence of sleep spindles and sleep spindles of low frequen-
cy may represent a marker of cholinergic thalamo-cortical dysfunction in 
both DLB and Parkinson disease. During normal stage N2, the brainstem 
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sends cholinergic projections to the reticular nucleus of the thalamus which, 
in turn, generates sleep spindles (226). Patients with DLB, Parkinson disease 
and isolated RBD show cholinergic denervation on the thalamus (227). 

The sleep-wake abnormalities we detected challenged the identification 
of wakefulness, sleep, and the sleep stages.  Sleep onset was difficult to 
identify in patients lacking alpha rhythm and showing dominant slow EEG 
activity during wakefulness. Identification of NREM sleep was also diffi-
cult in subjects lacking vertex waves, K complexes and sleep spindles (or 
with sleep spindles of low frequency).  Instead of forcing these sleep ep-
ochs to be scored into one of the conventional NREM sleep stages (N1, N2 
and N3) we used the term undifferentiated NREM sleep to describe NREM 
sleep that was without the typical elements of this well-differentiated sleep 
stage. REM sleep was not easily identified in subjects with delta EEG activ-
ity and absence of muscular atonia. 

Taken together, our observations highlight that scoring sleep in patients 
with neurodegenerative diseases (particularly with dementia) can be chal-
lenging because the main parameters used to score sleep (EEG, EOG and 
mentalis EMG) are often altered. In these patients, rather than forcing their 
sleep architecture to be scored into the standard system that was originally 
delineated for non-neurologically impaired subjects, a new more descrip-
tive system is required with new rules using a descriptive approach (212).

Abnormal behavioral manifestations
The use of V-PSG permitted the detection of abnormal behaviors occurring 
not only in REM sleep (resulting from RBD) but also during wakefulness, 
the transition from wakefulness to sleep, NREM sleep and upon arousals. 
Behaviors consisted in 1) hallucinatory-like manifestations occurring dur-
ing wakefulness and in the transition from wakefulness to sleep (always 
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with the eyes closed and the lights turned off), 2) arousal behavioral-re-
lated episodes emerging from both NREM and REM sleep, and 3) RBD. 
The clinical manifestations among these categories were very similar and 
included talking, moaning, yelling, raising the head, gesturing, sitting up 
in bed, and jerking. The abnormal behaviors arising from arousals were 
spontaneous or triggered by apneic events, periodic limb movements and 
external noises. Our findings confirm and extend previous reports under-
scoring the difficulties in identifying the nature of the abnormal behaviors 
displayed in DLB using only the clinical history (129,130,221). V-PSG was 
essential to detect and characterize these behavioral manifestations. This 
is important because hallucinations, confusional arousals, obstructive sleep 
apnea, periodic limb movements and RBD are treatable conditions that 
each requires very different therapeutic approaches (e.g., antipsychotics, 
CPAP, dopaminergics, clonazepam). In fact, in two patients treated with 
clonazepam because their symptoms resembled RBD, V-PSG ruled out this 
parasomnia and showed dream-enacting behaviors elicited by obstructive 
apneic events in one case and normal REM sleep in the other.     

Diagnosis of RBD
RBD was diagnosed in 50% of the patients using a detailed V-PSG analy-
sis in which the EMG activity in REM sleep was manually quantified and 
audiovisual recordings were carefully analyzed. According to our data, 
the prevalence of RBD in DLB is much higher than the prevalence of RBD 
reported in Alzheimer disease (<5%) (228), similar to Parkinson disease 
(40%-50%) (229–231) and lower than in multiple system atrophy (90-
100%)49. Of note, our cohort comprised consecutive patients with a recent 
diagnosis of DLB and mild dementia severity who were recruited irrespec-
tive of the presence of sleep complaints. The few studies that have exam-
ined the prevalence of RBD in DLB using PSG have reported rates ranging 
from 38% to 100% (126,128,129,134).This wide range of frequencies may 
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be attributable to methodological aspects, referral bias (consecutive pa-
tients vs. patients referred because of dream-enacting behaviors), sample 
bias (patients with mild dementia severity vs. patients with all degrees of 
dementia severity; patients with recent diagnosis of DLB vs. patients with 
advanced disease), and criteria used to diagnose RBD (manual quantifi-
cation of EMG using normative cut-off values vs. clinical impression of in-
creased EMG activity; audiovisual analysis vs. lack of audiovisual analysis). 

Some studies have shown that DLB is more prevalent in men while others 
have reported a female predominance (200,203). In the present study, we 
found a male predominance of RBD in DLB (77%) that was higher than the 
percentage of males who were enrolled in the study (66%). Most of the RBD 
patients and their caregivers reported that the symptoms of RBD preceded, 
by several years, the onset of cognitive decline. This is in concordance with 
the findings from our cohort of patients with isolated RBD; of 261 isolated 
RBD subjects (78.5% males), 44 (16.9%) have converted to DLB and of these 
patients, 93.2% were male with a mean interval from estimated RBD onset to 
DLB diagnosis of 12.0 ± 4.6 (range, 4.8-22.4) years, and a mean interval from 
RBD diagnosis by V-PSG to DLB diagnosis of 6.3 ± 3.4 (range, 0.13-14.83) 
years ( unpublished data). Other features of RBD in DLB that deserve to be 
mentioned are the lack of unpleasant dream recall in 46%, and not being 
aware of displaying RBD-related sleep behaviors in 69% of the patients. In 
these instances, witness statements were crucial by raising suspicion for RBD.  

Compared with patients without RBD, those with RBD had a higher rate of 
EMG activity in REM sleep (as expected), more often had delta EEG activ-
ity in REM sleep and had more abnormalities in NREM sleep, suggesting a 
more widespread neurodegenerative process. A new finding from our study 
was that DLB patients with slow (<8Hz) occipital EEG activity during wake-
fulness more frequently had RBD than those who generated alpha rhythm. 
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The association between RBD and slow EEG activity during wakefulness was 
previously described in subjects with isolated RBD who later developed mild 
cognitive impairment and in patients with Parkinson disease (232,233). Our 
study is the first, however, to report a correlation between the awake occipi-
tal EEG frequency and the rate of EMG activity in REM sleep. This association 
in patients with DLB of mild severity may be explained by impairment of the 
subcortical cholinergic areas that innervate the cortex and are close to the 
brainstem areas generating REM sleep. The main sources of cholinergic input 
to the cortex are from the nucleus basalis of Meynert in the basal forebrain 
and the pedunculopontine/laterodorsal tegmental nucleus in the brainstem 
(234) . Impairment of these projections could produce the awake occipi-
tal EEG background slowing as well as the impairment in NREM and REM 
sleep architecture. Postmortem studies have shown that the nucleus basalis 
of Meynert and the pedunculopontine/laterodorsal tegmental nucleus area 
are damaged  in patients with 1) isolated RBD (202,235), 2) isolated RBD 
that developed mild cognitive impairment (236), 3) isolated RBD that de-
veloped DLB and Parkinson disease (237), and  4) DLB (238). In DLB there 
is a prominent reduction in acetylcholinesterase activity within the occipital 
cortex (239) and it is known that anticholinesterase inhibitors can increase 
the frequency of the EEG during wakefulness (240). 

In 2005, diagnostic criteria for DLB included visual hallucinations, parkin-
sonism, and fluctuations as the three core clinical features. RBD, confirmed 
by PSG, was considered one of the suggestive features because “(RBD) has 
been demonstrated to be more significantly frequent (in DLB) than in other 
dementing disorders” (11). In 2017, the diagnostic criteria were modified 
and a clinical history suggestive of RBD was included as the fourth core clin-
ical feature (13). Confirmation of RBD with V-PSG was not required “due to 
the expense and lack of availability of PSG in many clinical settings” (241). 
Our current study shows, however, that in some cases the MSQ and the clin-
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ical history were not able to distinguish RBD from other conditions. For the 
diagnosis of RBD, the MSQ showed low sensitivity (50%) and low nega-
tive predictive value (28%). Indeed, the original article that validated the 
MSQ showed a specificity of 72% because a number of patients that gave 
an affirmative response for RBD, were found to have other sleep disorders.  
Another limitation of the MSQ is that it requires input from a reliable inform-
ant, a situation that was not possible in 51% of the cases in our study. This 
is relevant since, as shown in our study, several DLB patients with true RBD 
were not aware of displaying abnormal behaviors at night and did not recall 
nightmares. The conditions that mimicked RBD were severe obstructive sleep 
apnea, prominent periodic limb movements in sleep and hallucinatory-like 
behaviors. Distinguishing these mimics from RBD is important because they 
have different pathophysiologic mechanisms and treatments, and according 
to the current criteria for DLB, may lead to an erroneous diagnosis of this dis-
ease (13). For example, a patient with Alzheimer disease can fulfill current 
diagnostic criteria of DLB if in addition to dementia and hallucinations (fea-
tures that can be found in both DLB and Alzheimer disease) there is a clinical 
history suggestive of RBD that actually  corresponds to other type of sleep 
disorder. V-PSG is the only instrument that can differentiate RBD from its 
mimics by showing excessive EMG activity in REM sleep linked to abnormal 
sleep behaviors. However, as shown in our study, V-PSG has some limitations 
that include 1) refusal to undergo the test, and 2) not achieving enough REM 
sleep for RBD to be properly evaluated. The latter may be a result of DLB 
patients having low sleep efficiency (first night effect) and that they usual-
ly take antidepressants (a medication that decreases the REM sleep time). 
When we asked our patients to undergo a second V-PSG study some declined 
and others accepted but again, did not attain REM sleep.         

Our study has some limitations such as the relatively small number of pa-
tients enrolled, the refusal of more than 50% of the patients who were in-
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vited to participate, the lack of a reliable informant about the patient’s sleep 
in 51% of the cases, the use of medications such as antidepressants that can 
modify the sleep architecture, the lack of a healthy control group, and the 
lack of pathological confirmation of the diagnosis of DLB. These limita-
tions were difficult to overcome in a study aimed at evaluating consecutive 
patients irrespective of the presence or absence of sleep complaints. The 
main strengths of our study are the comprehensive analyses of the patients’ 
sleep complaints, the use of validated sleep scales and questionnaires, and 
performing V-PSG to describe the abnormal behaviors occurring at night as 
well as to diagnose RBD and detect mimics. Our work included the quan-
tification of the EMG activity in REM sleep using normative values and 
meticulous audiovisual analysis of the behaviors detected.   

In summary, our findings show that sleep-wake disturbances are common 
and complex in patients with DLB and that V-PSG is essential to diagnose 
RBD and rule out mimics. We report for the first time an association be-
tween the occipital EEG activity awake and the rate of EMG activity in REM 
sleep suggesting that both abnormalities may have a common subcortical 
origin in DLB.
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Abstract

The role of innate immunity in dementia with Lewy bodies (DLB) has been 
little studied. We investigated the levels in cerebrospinal fluid (CSF) of 
glial proteins YKL-40, soluble TREM2 (sTREM2) and progranulin in DLB 
and their relationship with Alzheimer’s disease (AD) biomarkers.  We in-
cluded patients with DLB (n=37), prodromal DLB (prodDLB, n=23), AD 
dementia (n=50), prodromal AD (prodAD, n=53), and cognitively normal 
subjects (CN, n=44). We measured levels of YKL-40, sTREM2, progranulin, 
Aβ1-42, total tau (t-tau) and phosphorylated tau (p-tau) in CSF. We strat-
ified the group DLB-prodDLB according to the ratio t-tau/Aβ1-42 (≥0.52, 
indicative of AD pathology). YKL-40, sTREM2 and progranulin levels did 
not differ between DLB groups and CN. However, those patients with DLB 
or prodDLB with a CSF profile suggestive of AD copathology had higher 
levels of YKL-40, but not sTREM2 or PGRN, than those without. Of these 
glial markers, only YKL-40 correlated with t-tau and p-tau in DLB and in 
prodDLB.  YKL-40, sTREM2 and PGRN are not increased in the CSF of DLB 
patients. YKL-40 is only increased in DLB patients with an AD biomarker 
profile, suggesting that the increase is driven by the AD pathology. These 
data suggest a differential glial activation between DLB and AD.  
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Background

Epidemiological, pathological and genetic studies support the importance of 
the innate immunity in the pathophysiology of neurodegenerative diseases 
such as Alzheimer’s disease (AD) and Parkinson’s disease (PD) (136,138). In 
particular, astroglia and microglia play an important role in neurodegenera-
tion (139,242). These two cellular types have very different functions in the 
central nervous system (CNS): microglia, the resident monocytic cells in the 
CNS, phagocyte cellular debris and protein aggregates, while astrocytes sup-
port neuronal and synaptic activities among other key functions (139,242) .  

YKL-40 protein, also known as chitinase 3-like 1 protein, is a glycoprotein 
expressed by astrocytes near amyloid plaques in AD human brain (165,166). 
YKL-40 can be detected in cerebrospinal fluid (CSF) and the levels are in-
creased in preclinical and prodromal AD, as well as in other neurodegenera-
tive conditions, such as Frontotemporal Lobar Degeneration (FTLD), Amyo-
trophic Lateral Sclerosis (ALS) or Multiple Sclerosis (MS) (167,243–245). 

In addition, other studies have implicated the triggering receptor expressed 
on myeloid cells 2 (TREM2) receptor in neurodegenerative diseases (246). 
Rare heterozygous variants in TREM2 have been linked with an increased 
risk of AD (142,247). Furthermore, recent studies have shown an elevation 
in the CSF of the soluble fragment of TREM2 (sTREM2) in early stages of 
sporadic AD (169,171,248) as well as in autosomal dominant AD (172). 

Another line of evidence that support the role of inflammation in neurode-
generative conditions implicates the Progranulin protein (PGRN). PGRN is 
expressed in many tissues and cell types, where it is involved in angiogen-
esis, wound repair, cell proliferation, and inflammation (145). PGRN levels 
are decreased in CSF and blood of patients with heterozygous mutations in 
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the granulin gene (GRN), linked to FTLD with TAR-DNA-binding protein 43 
inclusions (249–252). Furthermore, genetic variants that modulate GRN 
expression, such as the GRNrs5848 polymorphism, have been associated 
with an increased risk of AD (146,148). 

There are multiple evidences that support that glia is activated in synucleinop-
athies (158). In particular, activated microglia targeting dopamine nigral neu-
rons has been described in PD (159). Microglial activation in PD and dementia 
with Lewy bodies (DLB) has been implicated in the initiation and progression 
of the disease by means of secretion of pro-inflammatory cytokines and reac-
tive oxygen species (158). In addition, synuclein released from neurons in PD 
and DLB can be endocytosed by astrocytes forming glial inclusions (159–161). 
These inclusions can induce changes in gene expression in astroglia, enhancing 
the inflammatory response and promoting neurodegeneration (159,161). 

In this study, we investigated the CSF profile of YKL-40, sTREM2, PGRN in 
patients with DLB and prodromal DLB, and compared this pattern with that 
of AD. We also examined the influence of concomitant AD pathology in DLB 
on these biomarkers.
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Results

Demographics and core CSF biomarkers

Table 1 summarizes the demographics and CSF biomarkers values of all the 
study participants. There were no significant differences between groups in 
gender, but CN subjects were significantly younger than the other groups. 
As expected, MMSE scores were lower in DLB and AD than in CN or groups 
with prodAD and prodDLB. Core AD CSF biomarkers also differed between 
groups (Table 1). DLB groups had lower levels of Aβ1-42 than CN but high-
er than AD groups. DLB groups had also higher levels of tau and p-tau than 
CN, but lower than AD groups. Frequency of APOEε4 allele in DLB groups 
was similar to CN and lower than AD groups (p= 0.001).   

Relationship between glial biomarkers, age, APOE and clin-
ical measures
There was no association between gender and any of the three glial mark-
ers, but there was a trend towards higher levels of sTREM2 in males (p 
=0.06).  Therefore, all sTREM2 analyses were adjusted by gender. Age sig-
nificantly correlated with CSF levels of YKL-40 and sTREM2 (r = +0.351; 
p < 0.001 and +0.212; p < 0.006, respectively) in the whole sample as 
previously reported (169,172). We did not find differences in the levels of 
any of the glial markers between APOEε4 carriers and non-carriers.
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Table 1. Demographic and CSF biomarker data.

CN
(n = 44)

DLB 
(n = 37)

PRODROMAL DLB 
(n = 23)

AD 
(n = 50)

PRODROMAL AD 
(n = 53)

TOTAL P-VALUE

Age, y ± SDa 67.4 ± 5.1 76.5 ± 5 76.5 ± 6.4 74.6 ± 5.6 72.3 ±  6.3 73 ± 6.5 < 0.001

Sex, Female % (n) 56.8 (25) 54.1 (20) 56.5 (13) 62 (31) 60.4 (32) 57.8% (78) 0.949

APOEε4, %* (n)b 18.2 (8) 24.3 (9) 34.8 (8) 58 (29) 75 (39) 45.1 (93) 0.003

MMSE ±  SD c 28.9 ±  1.2 23 ± 4.6 26.1 ± 2.4 22.5 ± 3.4 26.7 ± 2.3 25.7 ± 3.8 < 0.001

Co
re

 A
D 

bi
om

ar
ke

rs

CSF Aß1-42, pg/mL ± SD d 918.2 ± 212.2 602.7 ± 269.2 634 ± 197.7 384.7 ± 105.6 458.1 ± 72.2 583.6 ± 261 < 0.001

CSF t-tau, pg/mL ± SD e 228.8 ± 52.3 448.9 ± 333.9 371.3 ± 174.5 694.5 ± 321 609 ± 267.7 493.8 ± 310 < 0.001

CSF p-tau, pg/mL ± SD f 45.5 ± 10.2 68.8 ± 42.3 62.6 ± 24.4 94.1 ± 26.2 94.8 ± 39.2 76 ± 36.8 < 0.001

In
fla

m
m

at
io

n-
re

la
t-

ed
 b

io
m

ar
ke

rs

CSF YKL-40, ng/mL ± SD g 238.8 ± 49.2 278.8 ± 83.4 270.7 ± 69 295.3 ± 54.1 296.7 ± 55.7 277.8 ± 64.8 < 0.001

CSF sTREM2, ng/mL±SD (n)h 4.2 ± 2.3 (40) 5.3 ± 2.3 (28) 4.4 ± 1.9 (18) 4.3 ± 2.2 (36) 5 ± 2.4 (41) 4.6 ± 2.3 (163) 0.038

CSF PGRN, ng/mL ± SD 4.3 ± 1.2 4.2 ± 1.1 4.5 ± 1.3 4.4 ± 1.3 4.6 ± 1.2 4.4 ± 1.2 0.653

* At least one APOEε4 allele
a Cognitively normal controls (CN) vs. DLB, prodDLB, AD and prodAD, p<0.001; prodAD vs. prodDLB and 
DLB, p = 0.05. 
b CN, DLB and pDLB vs. AD and pAD, p < 0.001
c CN vs. AD, p < 0.001; prodDLB vs. AD, p = 0.09
d CN vs. DLB, prodDLB, AD and prodAD and AD vs. DLB and prodDLB, p < 0.001;  AD vs. prodAD, p = 0.003
e CN vs. DLB, AD and prodAD, p < 0.001; CN vs. prod DLB, p = 0.006; DLB vs. AD and prodAD, p < 0.001; 
prod DLB vs. AD and prod AD, p < 0.001

f CN vs. AD and prodAD, p < 0.001; CN vs. DLB, p = 0.016, CN vs. prodDLB, p = 0.06; DLB and prodDLB vs. AD 
and prodAD, p < 0.001
g CN vs. AD and prodAD, p <0.01; DLB and prodDLB vs. AD, p = 0.03; DLB and prodDLB vs. prodAD, p = 0.006 
and p = 0.007, respectively
 h pAD vs. AD, p = 0.006; AD vs. DLB, p = 0.02 (results not adjusted by multiple comparisons).  pAD vs AD, p = 
0.06 (results adjusted by multiple comparisons)
All p-values were adjusted by Bonferroni correction for multiple comparisons.

Inflammation-related biomarkers across clinical diagnoses
Next, we analyzed differences in levels of YKL-40, sTREM2 and PGRN across 
groups (fig. 1, table 1). We did not find significant differences between DLB, 
prodDLB and CN in the levels of YKL-40 in CSF. Patients with DLB and prod-
DLB had lower YKL-40 levels than those with AD (both p = 0.03) and pro-
dAD patients (p = 0.006 and p = 0.007, respectively). AD and prodAD had 
significant increased levels of YKL-40 compared with CN (both, p < 0.01).  
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sTREM2 levels did not differ between DLB groups and CN, but they were 
higher in both, DLB and prodAD, compared to AD (p = 0.02 and p = 
0.006, respectively). These differences, however, disappeared when ad-
justing by Bonferroni correction for multiple comparisons. A trend to-
wards higher sTREM2 levels in prodAD compared to AD (p = 0.06) was 
observed after correcting for multiple comparisons. No differences were 
found across groups in CSF PGRN levels.

Table 1. Demographic and CSF biomarker data.

CN
(n = 44)

DLB 
(n = 37)

PRODROMAL DLB 
(n = 23)

AD 
(n = 50)

PRODROMAL AD 
(n = 53)

TOTAL P-VALUE

Age, y ± SDa 67.4 ± 5.1 76.5 ± 5 76.5 ± 6.4 74.6 ± 5.6 72.3 ±  6.3 73 ± 6.5 < 0.001

Sex, Female % (n) 56.8 (25) 54.1 (20) 56.5 (13) 62 (31) 60.4 (32) 57.8% (78) 0.949

APOEε4, %* (n)b 18.2 (8) 24.3 (9) 34.8 (8) 58 (29) 75 (39) 45.1 (93) 0.003

MMSE ±  SD c 28.9 ±  1.2 23 ± 4.6 26.1 ± 2.4 22.5 ± 3.4 26.7 ± 2.3 25.7 ± 3.8 < 0.001

Co
re

 A
D 

bi
om

ar
ke

rs

CSF Aß1-42, pg/mL ± SD d 918.2 ± 212.2 602.7 ± 269.2 634 ± 197.7 384.7 ± 105.6 458.1 ± 72.2 583.6 ± 261 < 0.001

CSF t-tau, pg/mL ± SD e 228.8 ± 52.3 448.9 ± 333.9 371.3 ± 174.5 694.5 ± 321 609 ± 267.7 493.8 ± 310 < 0.001

CSF p-tau, pg/mL ± SD f 45.5 ± 10.2 68.8 ± 42.3 62.6 ± 24.4 94.1 ± 26.2 94.8 ± 39.2 76 ± 36.8 < 0.001

In
fla

m
m
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n-
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CSF YKL-40, ng/mL ± SD g 238.8 ± 49.2 278.8 ± 83.4 270.7 ± 69 295.3 ± 54.1 296.7 ± 55.7 277.8 ± 64.8 < 0.001

CSF sTREM2, ng/mL±SD (n)h 4.2 ± 2.3 (40) 5.3 ± 2.3 (28) 4.4 ± 1.9 (18) 4.3 ± 2.2 (36) 5 ± 2.4 (41) 4.6 ± 2.3 (163) 0.038

CSF PGRN, ng/mL ± SD 4.3 ± 1.2 4.2 ± 1.1 4.5 ± 1.3 4.4 ± 1.3 4.6 ± 1.2 4.4 ± 1.2 0.653

* At least one APOEε4 allele
a Cognitively normal controls (CN) vs. DLB, prodDLB, AD and prodAD, p<0.001; prodAD vs. prodDLB and 
DLB, p = 0.05. 
b CN, DLB and pDLB vs. AD and pAD, p < 0.001
c CN vs. AD, p < 0.001; prodDLB vs. AD, p = 0.09
d CN vs. DLB, prodDLB, AD and prodAD and AD vs. DLB and prodDLB, p < 0.001;  AD vs. prodAD, p = 0.003
e CN vs. DLB, AD and prodAD, p < 0.001; CN vs. prod DLB, p = 0.006; DLB vs. AD and prodAD, p < 0.001; 
prod DLB vs. AD and prod AD, p < 0.001

f CN vs. AD and prodAD, p < 0.001; CN vs. DLB, p = 0.016, CN vs. prodDLB, p = 0.06; DLB and prodDLB vs. AD 
and prodAD, p < 0.001
g CN vs. AD and prodAD, p <0.01; DLB and prodDLB vs. AD, p = 0.03; DLB and prodDLB vs. prodAD, p = 0.006 
and p = 0.007, respectively
 h pAD vs. AD, p = 0.006; AD vs. DLB, p = 0.02 (results not adjusted by multiple comparisons).  pAD vs AD, p = 
0.06 (results adjusted by multiple comparisons)
All p-values were adjusted by Bonferroni correction for multiple comparisons.
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Figure 1. Inflammation-related biomarkers across clinical diagnoses.

 

*p < 0,05, **p < 0.01. CN: cognitively normal controls, DLB: Dementia with Lewy Bodies, prodDLB: prodro-
mal DLB, AD: Alzheimer’s disease, prodAD: prodromal AD. a. CSF YKL-40 levels in the different clinical 
groups. b. CSF sTREM2 levels in the different clinical groups. c. CSF PGRN levels in the different clinical 
groups
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Figure 2. Correlations between glial biomarkers

 

 
CN: cognitively normal controls, DLB: Dementia with Lewy Bodies, prodDLB: prodromal DLB, AD: Alzheim-
er’s disease, prodAD: prodromal AD. a. Correlations between CSF sTREM2 and YKL-40 levels in the differ-
ent diagnostic groups. b. Correlations between CSF PGRN and YKL-40 levels in the different diagnostic 
groups. c. Correlations between CSF sTREM2 and PGRN levels in the different diagnostic groups
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Correlations between glial biomarkers
Fig. 2 and table 2 show the correlations between the three investigated 
glial markers. In supplementary fig S1 we show the correlations stratified 
by diagnosis. We found a correlation between YKL-40 and PGRN levels in 
DLB (r = 0.42, p < 0.05). There was no correlation between sTREM2 and 
YKL-40 (r = 0.53, p < 0.01) or PGRN in DLB groups.  

Table 2. Partial correlations (r values) between glial activation markers across diagnoses

CN 
(n = 44)

DLB
(n = 37)

PRODRO-
MAL DLB
(n = 23)

AD
(n = 50)

PRODRO-
MAL AD
(n = 53)

ALL 
SAMPLE

YKL-40 / sTREM2, r 0.524** 0.36 0.569t 0.438* 0.53** 0.406***

YKL-40 / PGRN, r -0.332 0.420* 0.294 0.042 0.384* 0.171

sTREM2 / PGRN, r 0.162 -0.73 0.463 0.276 0.499** 0.337**

YKL-40 / Ab42, r 0.423* -0.73 -0.331 0.031 0.101 -0.163*

YKL-40 / t-tau,  r 0.263 0.600*** 0.71** 0.317 0.65*** 0.572***

YKL-40 / p-tau, r 0.285 0.627*** 0.778*** 0.306 0.591*** 0.589***

sTREM2 / Ab42, r 0.231 0.196 0.042 0.389t 0.409 0.152

sTREM2 / t-tau, r 0.406* 0.235 0.459 0.078 0.418* 0.179*

sTREM2 / p-tau,  r 0.531** 0.272 0.455 0.155 0.368t 0.204**

PGRN / ab42  r -0.378t -0.009 -0.129 -0.074 0.210 -0.108

PGRN / t-tau  r 0.126 0.339 0.263 0.240 0.393* 0.256***

PGRN / p-tau,  r 0.075 0.415t 0.449 0.236 0.394 0.294***

r values in bold represent the significant correlations between biomarkers. All results have been cor-
rected by age and multiple comparisons (Bonferroni) 
* p < 0.05      
** p < 0.01      
*** p < 0.001      
t Statistical analyses showed a tendency with a p-value between 0.09 and 0.05
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Relationship between glial and core AD biomarkers.
Table 2 and supplementary fig. S2 show the different correlations between 
the glial and the core AD biomarkers in CSF. YKL-40 correlated with t-tau 
and p-tau in prodDLB (r = 0.71 and r = 0.778, both p < 0.001), and DLB 
(r = 0.6 and r = 0.627, both p < 0.001). sTREM2 and PGRN levels did not 
correlate with Aβ42, t-tau or p-tau in the DLB groups. 

Influence of AD copathology on CSF glial markers in DLB
We next analyzed levels of YKL-40, sTREM2 and PGRN in DLB patients 
according to the presence or absence of a CSF AD profile based on the ratio 
t-tau/Aβ1-42 (167). We found that levels of YKL-40 in DLB patients with 
a t-tau/Aβ1-42 ratio indicative of AD pathophysiology (>0.52) were high-
er than those with a normal t-tau/Aβ42 ratio (<0.52, fig. 3 a, p = 0.04). 
There were no differences in the CSF levels of sTREM2 and PGRN in DLB 
patients when stratifying by the tau/Aβ1-42 ratio (fig. 3 b and c). Suppl. 
table 1 shows demographic and clinical data from those patients.
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Figure 3. Influence of AD copathology on CSF glial markers in DLB patients

 

 
CN: cognitively normal controls, DLB: Dementia with Lewy Bodies, Non AD-Sg: patients with core CSF 
biomarkers non-suggestive of concomitant AD copathology (t-tau/Aβ42 ratio <0.52). AD-Sg: patients 
with core CSF biomarkers suggestive of concomitant AD copathology (t-tau/Aβ42 ratio >0.52). a. CSF 
YKL-40 levels in CN, DLB patients without suspected AD copathology and DLB patients with suspected 
AD copathology by CSF core biomarkers. b. CSF sTREM2 levels in CN, DLB patients without suspected 
AD copathology and DLB patients with suspected AD copathology by CSF core biomarkers. c. CSF PGRN 
levels in CN, DLB patients without suspected AD copathology and DLB patients with suspected AD copa-
thology by CSF core biomarkers.
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Discussion 

The main finding of this study is that YKL-40 levels are elevated in CSF in 
DLB patients only when there is a CSF profile suggestive of concomitant 
AD pathology. The glial markers YKL-40, sTREM2 and PGRN are not in-
creased in CSF in DLB when comparing with CN. We also measured for the 
first time these glial markers in the prodromal phase of DLB and found no 
increase in this stage of the disease compared to CN and the more evolved 
stages in the disease. 

The lack of increase in CSF YKL-40 in the whole DLB group agrees with 
previous findings in PD and DLB (175,176,178,179,253), supporting the 
absence of an increase of this protein in CSF in synucleinopathies. This 
may suggest a lack of astroglial activation following the α-synuclein pa-
thology. On the other hand, our group and others have shown an increase 
of CSF YKL-40 in AD and also FTLD-related syndromes early in the disease 
course (165,167,176,177,179,245,254). This contrast between synucle-
in- and tau-related neurodegenerative dementias suggest that YKL-40 is 
particularly involved with this second group of disorders. Moreover, we 
demonstrate an increase in YKL-40 in DLB patients with concomitant AD 
copathology when compared with DLB patients without AD copathology, 
suggesting that it is comorbid AD what is driving astrocytic activation in 
DLB. In agreement with this finding, YKL-40 levels highly correlated with 
t-tau and p-tau levels in DLB groups. One possible explanation is that the 
α-synuclein inclusions observed in astrocytes in DLB may influence the as-
trocytic response toward neurodegeneration compared to tauopathies such 
as AD and FTLD (255,256).  

This is the first study that reports the CSF sTREM2 levels in DLB patients. 
We found higher levels of this protein in DLB compared to AD, but this 
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difference did not survive correction for multiple testing, perhaps due to 
the relatively small sample size that limited the statistical power. Although 
TREM2 has not been previously investigated in postmortem DLB, some 
studies have shown higher levels of TREM2 in brains of PD patients and 
in PD murine models (257–259). This could support the hypothesis that 
TREM2 is elevated in synucleinopathies in contrast to YKL-40. Neverthe-
less, we could not find differences in the sTREM2 levels between DLB and 
CN. We did not find differences either when stratifying the DLB group by 
CSF AD profile, indicating that the levels of sTREM2 in DLB are independ-
ent of AD copathology. In agreement with this finding, we did not find a 
correlation between sTREM2 and t-tau and p-tau in DLB groups. Taken 
together our findings suggest a different pattern of glial activation in DLB 
compared to AD. 

Finally, as previously reported in a smaller study (179)[29] we did not find 
any difference in the levels of PGRN protein in CSF in DLB and no influence 
of the concomitant AD pathology was detected.

One of the strengths of this study is that we included a group of patients with 
prodromal DLB. Although there are no established criteria for this stage of 
the disease, we included only those patients that converted to DLB during 
the follow-up. YKL-40, sTREM2 and PGRN levels have never been investi-
gated in CSF in prodromal DLB, nevertheless, we did not detect any increase 
in this stage, indicating that these glial markers do not change significantly 
early in the disease course. Nonetheless, it is of value to include prodromal 
DLB patients in biomarker studies, not only to find markers of early disease 
stage, but also to generate new hypothesis regarding the physiopathology 
of the disease. On the other hand, this study has some limitations: the study 
is based on CSF biomarkers in a single-center cohort and needs validation 
in a larger independent cohort, the sample size is relatively small, relied 



133

on clinical diagnosis and neuropathological confirmation was not available. 
In summary, we report that DLB and AD show different patterns of glial 
activation markers in CSF. YKL-40 is only increased in DLB when there is 
underlying AD pathology and, in contrast to AD, YKL-40 levels are not ele-
vated in prodromal stages. We could not find differences between DLB and 
healthy subjects in CSF sTREM2 or PGRN levels, although a trend for higher 
sTREM2 levels was found compared to AD and independently on AD bio-
markers. Together, these results suggest a different pattern of glial activation 
between DLB and AD, which needs further functional and molecular studies 
to elucidate the differential role of this innate immune response in DLB and 
its impact in the disease pathogenesis and evolution course.

Methods

Study participants and clinical classification
We prospectively included 207 subjects evaluated at the Memory Unit at 
Hospital de Sant Pau between January 2009 and October 2017. Patients 
had the following diagnoses: DLB (n = 37), prodromal DLB (prodDLB, 
n = 23), AD dementia (AD, n = 50) and prodromal AD (prodAD, n = 
53). We also included 44 cognitively normal controls (CN) selected from 
the Sant Pau Initiative on Neurodegeneration (SPIN) cohort (https://sant-
paumemoryunit.com/our-research/spin-cohort/). To minimize the effect of 
gender and age, AD and prodAD cases were age- and gender-matched with 
the DLB and prodDLB cases. All participants received a clinical and formal 
neuropsychological assessment and underwent lumbar puncture to obtain 
CSF as reported elsewhere (167,190). DLB patients were evaluated using a 
previously reported clinical protocol (203). 

Patients with DLB met consensus criteria for probable DLB (13). Patients 
with prodDLB met general criteria for MCI (108) with at least one sign 
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of α-sinucleinopathy (visual hallucinations, parkinsonism, or REM sleep 
behaviour disorder (RBD)) (25,115) and had to meet criteria of probable 
DLB (13) during the follow up. DLB and prodDLB patients with suspected 
AD copathology were defined according to the ratio t-tau/Aβ1-42 (≥0.52; 
indicative of underlying AD pathology) (167). Patients with AD dementia 
and prodAD met the NIA-AA criteria (188,260,261) and all had a CSF AD 
profile defined by low Aβ1-42 and high tau or p-tau levels according to our 
published cut-offs (167). 

CN were volunteers with a normal neuropsychological evaluation for age 
and education, normal levels of core AD biomarkers in CSF, and no cogni-
tive complaints. 

CSF collection and analyses
CSF was obtained by lumbar puncture as described (167). Levels of core 
AD biomarkers (Aβ1-42, total tau, and phosphorylated tau), YKL-40 and 
PGRN in CSF were measured using commercially available kits from Fu-
jirebio-Europe (InnotestTM), Quidel and Adipogen, Inc., respectively, as 
previously described (167,179).  sTREM2 levels were measured by ELISA 
using previously described methods (169,172,262). All samples were rand-
omized across plates, measured in duplicate, and all included samples had 
an intraplate coefficient of variation (CV) <15%. The operator was blinded 
to clinical diagnosis as in previous studies (169,172). 

APOE genotyping 
DNA was extracted using standard procedures and APOE was genotyped 
accordingly to previously described methods (263).

Statistical analysis
Differences in categorical variables were assessed by Pearson chi-square 
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tests. Normality of the variables was tested by Shapiro-Wilk test. Non-nor-
mally distributed variables (sTREM2, YKL-40, total tau, and phosphorylated 
tau) were log10-transformed to achieve a normal distribution all the anal-
yses with these variables were performed with the log-transformed values.  
Aβ1-42 did not follow a normal distribution even after log-transformation 
and, therefore, non-parametric tests were used. Group comparisons between 
normally distributed values were performed by an analysis of covariance 
(ANCOVA) adjusting by the effect of age. CSF sTREM2 comparisons were 
additionally adjusted by the effect of gender. Partial Pearson Product-Mo-
ment correlations controlled by age (and gender in CSF sTREM2) were 
used to test the association between continuous variables. Aβ1-42 differenc-
es between groups were tested by Kruskal-Wallis and Mann-Whitney tests. 
Non-parametric correlations (Spearman) were used with variables that did 
not follow normal distribution (Minimental State Examination (MMSE)). 
Bonferroni posthoc correction was applied to adjust for multiple compari-
sons. The level of significance was set at 5% (α = 0.05). All statistical anal-
yses were performed using SPSS software version 21.0 for Windows.  
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pital Sant Pau.in accordance to Declaration of Helsinki.
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Suppl. table S1. Demographic and basic clinical data from DLB patients

DLB WITH AD 
COPATHOLOGY

(n = 20)

DLB WITHOUT AD 
COPATHOLOGY

(n = 17)

P-VALUE

Age, y ±  SD 77.1 ± 1.1 75.7 ± 1.2 0.420

Sex, Females % (n) 55% (11) 52.9% (9) 1

MMSE, mean ±  SD 21.9 ± 1.2 24.2 ± 0.8 0.165

Mean follow-up time (y) ±  SD 2.2 ± 0.5 2.6 ± 0.6 0.568

APOEε4, %* (n) 30% (6) 17.6% (3) 0.462

Supplementary figure S1. Relationship between glial biomarkers by diagnosis

 

CN: cognitively normal controls, DLB: Dementia with Lewy Bodies, prodDLB: prodromal DLB, AD: 
Alzheimer’s disease, prodAD: prodromal AD.
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Supplementary figure S2. Relationship between glial and core AD biomarkers

 

CN: cognitively normal controls, DLB: Dementia with Lewy Bodies, prodDLB: prodromal DLB, 
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SUPPLEMENTARY METHODS

Supplementary table S2. Intra and inter-assay CV% per measured protein.

ASSAY INTRA-ASSAY CV%* INTER-ASSAY CV%**

Aβ1-42 2.01% 75.7 ± 1.2

t-tau 2.01% 10.89%

t-tau 1.77% 17.24%

sTREM2 3.9% 13.02%

YKL-40 4.03% 6.3%

PGRN 4.47% 10.7%

* Intra-assay CV% was calculated as the mean of all CV% from the samples included per assay
** We included the following internal controls per assay to calculate the inter-assay CV%. Internal con-
trols are samples with an already known concentration that we included in all the assays. In Braquets 
there is the mean from all assays and the interplate CV % of each internal control. Aβ1-42: L10-001 
(mean: 392.5 pg/mL, CV%: 10.85%), Aβ384 (mean: 359 pg/mL, CV%: 12.48%), Aβ500 (mean: 472,73 pg/
mL, CV%: 9.87%). t-tau: tau300 (mean: 297.78 pg/mL, CV%: 10.89%). p-tau: pTau125 (mean: 132.98 pg/
mL, CV%: 17.24%). sTREM2: Interplate D (mean: 3.08 ng/mL, CV%: 11.54%) and Interplate E (mean: 4.44 
ng/mL, CV%: 14.51%). YKL-40:  YKL40H (mean: 142.84 ng/mL, CV%: 6.3%). PGRN: L10-84 (mean: 3.67 ng/
mL, CV%: 15.45%) and L15-033 (mean: 5.12 ng/mL, CV%: 5.12%)

Standard curve calculation per assay

• Standard curves for Innotest assays (Aβ1-42, t-tau and p-tau) were cal-
culated with a 4-parameter logistic regression (provided by the manu-
facturer). 

• Standard curves for sTREM2 assays were calculated by with a 4-parame-
ter logistic regression in the MSD software.

• Standard curves for YKL-40 assays were calculated by a polinomic regres-
sion in Excel as recommended by the manufacturer.

• Standard curves for PGRN assays were calculated by a polinomic regres-
sion in Excel as recommended by the manufacturer.

All the assays had standard curves with a R squared over 0.95
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6. CHAPTER VI: DISCUSSION

This thesis has focused on the clinical and physiopathological heterogeneity 
of DLB, studying the disease from different perspectives. First, I describe 
three different clinical subtypes according to the predominant features dur-
ing the first years of the disease that show different disease evolutions: a 
cognitive-, a neuropsychiatric- and a parkinsonism-predominant subtype. 
These results underscore the importance of the prodromal phase of the dis-
ease, a stage for which we do not have yet consensus diagnostic criteria. The 
different clinical subtypes in this stage of DLB have important implications 
from the diagnostic and prognostic points of view. Also of note, the thesis 
describes a novel   clustering method to objectively determine these clinical 
subtypes based on estimation of the phenotypical contribution of hallucina-
tions and parkinsonism in the prodromal stage. This thesis also builds on the 
heterogeneity of the frequent sleep disturbances in DLB and confirms the 
need for V-PSG to correctly diagnose the sleep problems associated with DLB 
(chapter IV). That chapter describes in detail the clinical and polysomno-
graphic characteristics of sleep in a cohort of mild DLB and emphasizes the 
importance of V- PSG to correctly diagnose RBD, a core diagnostic feature 
in DLB. A variety of conditions may mimic RBD, consequently it often goes 
unnoticed when using a clinical approach. Misdiagnosis of sleep disturbanc-
es may obscure the diagnosis of DLB and lead to unsuitable treatments. This 
thesis also describes for the first time the correlation between the awake 
occipital EEG frequency and the rate of EMG activity in REM sleep and pro-
poses a new and more descriptive method to study sleep in neurodegenera-
tive diseases, as the frequent sleep structure abnormalitites present in these 
disorders may hinder the application of the standard method. 

In addition, this thesis studies the physiopathological heterogeneity of the 
glial contribution to the disease and in the context of AD copathology. I 
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show that CSF levels of glial markers were equivalent to controls in DLB 
and in prodromal DLB. Furthermore, YKL-40 was elevated only in DLB pa-
tients with AD copathology (classified according to core AD CSF biomarker 
levels). CSF YKL-40 also correlated with t-tau and p-tau in DLB and prodro-
mal DLB further supporting its relationship to AD copathology. In contrast, 
neither sTREM2 nor PGRN correlated with any of the AD core biomarkers 
in either DLB or prodromal DLB. Based on these findings, I describe a dif-
ferential pattern of glial activation between DLB and AD and their prodro-
mal stages. 

Across the following sections, I discuss each main issue addressed in chap-
ters III, IV and V

6.1. The clinical heterogeneity in DLB and its significance

6.1.1. Clinical Subtypes in DLB

The existence of clinical subtypes within the DLB syndrome has been previ-
ously suggested (94). Nevertheless, rather than systematic studies specifi-
cally aimed at disentangling the heterogeneity of the disease, these studies 
were largely based on a review of the previously reported phenomenology. 
Most of the previously suggested subtypes have focused on the presence 
or absence of psychiatric manifestations and their features, and thus they 
are used to differentiate between cognitive subtypes and psychotic and/
or delirium subtypes. Chapter III also describes a cognitive-predominant 
and a neuropsychiatric-predominant subtype, but we did not find a sub-
type specifically based on delirium present at onset, as those patients were 
extremely rare in our cohort. This difference with previous publications 
might be due to a publication bias, with a higher likelihood of reporting the 
most severe or striking cases that required hospitalization or institution-
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alisation. The focus on the presence of hallucinations or psychiatric man-
ifestations for the diagnosis of DLB may result in misdiagnosis such that 
patients with dementia and hallucinations are most often misdiagnosed as 
DLB but found to have a diagnosis of AD upon neuropathological exami-
nation (264). A motor predominant subtype has not been proposed before 
within DLB heterogeneity, despite the frequent occurrence of motor symp-
toms at DLB onset (18). 

In contrast to DLB, clinical heterogeneity in PD has been more profoundly 
studied. In a similar way to the clinical subtypes of DLB described in this 
thesis, clinical subtypes that differ in their age-at-onset and progression 
rate have been also proposed in PD (192–194,265). Although a partial 
overlap exists, there are important differences between the subtypes de-
scribed in PD and the DLB subtypes presented in chapter III. In particular, 
late onset PD typically shows a faster clinical decline and more frequent 
co-occurrence of cognitive symptoms (192–194,265), whereas in DLB, the 
neuropsychiatric-predominant subtype described here is characterized by 
an older age of onset, but not by a more rapid evolution. In addition, the 
cognitive-predominant DLB subtype characterized by the predominance of 
cognitive symptoms from onset, shows the most benign evolution. Of note, 
our parkinsonism-predominant subtype is characterized by a faster evolu-
tion compared with the other two subtypes on top of the predominance of 
motor symptoms during the prodromal phase of the disease. Considering 
the age of onset and the evolution, there is an overlap between the late 
onset PD subgroup and the parkinsonism-predominant DLB subtype de-
scribed in this thesis. On the other hand, the cognitive- and neuropsychiat-
ric-predominant subtypes described in chapter III differ substantially from 
the clinical subtypes previously reported in PD.
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Data driven analysis for unbiased classification of the clini-
cal heterogeneity in DLB

One of the novelties of this thesis is that subtypes were obtained by a da-
ta-driven method. Data-driven methods allow researchers to study the clin-
ical heterogeneity as well as other aspects of neurodegenerative diseases, 
avoiding possible biases in defining time points or other artificial criteria to 
classify patients. Different clustering methods have been previously applied 
in the study of different neurodegenerative diseases including the clinical 
heterogeneity in PD (91,92,191–194). Nevertheless, the clinical heteroge-
neity within the DLB spectrum has not been specifically studied by cluster-
ing tools until now. In our study, we focused on the clinical features present 
during the prodromal phase of the disease since cluster analyses depend 
highly on the selection of variables. 

6.1.2. The heterogeneity of sleep disturbances in DLB

Chapter IV includes a comprehensive examination of the variety of sleep 
disturbances present in DLB using V-PSG. In agreement with previous stud-
ies (129,130), the chapter stresses the importance of performing V-PSG to 
correctly diagnose and study sleep problems in DLB patients, when com-
pared to clinical history alone. To understand the importance of V-PSG in 
the study and diagnosis of sleep disturbances in DLB we should consider 
the heterogeneity of their etiology. Many comorbidities and medications 
used to treat DLB patients can contribute to sleep alterations in addition to 
the degeneration of brain structures related to sleep, generating a variety of 
sleep disturbances. Clinically indistinguishable, the distinct causes of sleep 
problems in DLB can only be correctly diagnosed by V-PSG. Moreover, many 
of these causes correspond to treatable conditions, which can be missed if 
a V-PSG is not performed. This may lead to incorrect treatment, which can 
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have a negative impact not only on the quality of sleep, but also on the 
cognitive performance, fluctuations and neuropsychiatric symptoms. The 
worsening of this symptomatology negatively affects the patient’s quality 
of life and increases the caregiver overload. Thus, the appropriate diagnosis 
and subsequent treatment of sleep disturbances in DLB is crucial for the 
correct clinical management of the disease.

RBD in DLB
Another key aspect of chapter IV is the thorough study of RBD in DLB from 
a clinical and electrophysiological point of view. RBD is a core diagnostic 
feature in the new consensus diagnostic criteria for DLB (13). Therefore, its 
identification is important not only from a clinical perspective but also from 
a diagnostic point of view. RBD is indicative of the existence of an underly-
ing synucleinopathy (DLB, PD or MSA), so much so that that the mere pres-
ence of polysomnographic evidence of RBD in a demented patient without 
other symptoms is sufficient to diagnose DLB (13).

However, not all DLB patients suffer RBD. RBD was present in 50% of 
the DLB cohort investigated in chapter IV. Previous studies using differ-
ent methodologies have reported frequencies ranging from 38% to 100% 
(126,128,129). These data reinforce the need for a correct diagnosis of 
sleep problems by V-PSG since the clinical identification of RBD is not only 
challenging but may also lead to a misdiagnosis of DLB. From a clinical 
standpoint, 46% of the patients with RBD in the studied cohort did not 
report unpleasant dreams and 69% were not aware of displaying RBD-re-
lated sleep behaviours when specifically asked about sleep disturbances. 
Thus, recognition of the syndrome in a clinical setting can be challeng-
ing, highlighting the need for a reliable sleep partner that can report the 
symptoms, which is not always the case. In our study, even when using the 
MSQ to specifically assess the presence of RBD, RBD was indistinguishable 
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from other conditions. In contrast, many patients who had scores sugges-
tive of RBD in this questionnaire had other sleep disorders demonstrated 
by V-PSG, while other patients unaware of displaying abnormal behaviours 
during sleep, nor recalling nightmares had RBD confirmed by V-PSG.

This thesis also reports the correlation between the awake occipital EEG 
frequency and the rate of EMG activity in REM sleep in DLB patients and 
indicates that DLB patients with slow (<8Hz) occipital EEG activity during 
wakefulness were more prone to RBD. This finding might have a clinical 
impact as it may help to identify subjects with an increased risk of RBD 
with a simple EEG during wakefulness. Thus, it may be a useful biomarker 
in the clinical assessment of suspected DLB patients. Those DLB patients 
with slow occipital EEG activity may be good candidates to undergo a more 
detailed sleep study including a complete V-PSG. The association between 
RBD and slow EEG activity during wakefulness has been already described 
in subjects with isolated RBD who later developed mild cognitive impair-
ment and PD (232,233). This association may be explained by impairment 
of the subcortical cholinergic areas. These areas, mainly the nucleus basalis 
of Meynert, in the basal forebrain, and the pedunculopontine/laterodor-
sal tegmental nucleus in the brainstem are close to the brainstem areas 
generating REM sleep (234). These nuclei are damaged in patients with 
isolated RBD (202,235), isolated RBD that develop cognitive impairment, 
PD (236,237) and DLB (238). It is also known that there is a prominent 
reduction in acetylcholinesterase activity within the occipital cortex in DLB 
(227) and, in addition, anticholinesterase inhibitors can increase the fre-
quency of the EEG during wakefulness in AD (240). These findings may 
relate to the presence of RBD with a more cognitive phenotype in DLB and 
point to the need for a holistic treatment in DLB; rivastigmine can improve 
RBD symptomatology and correct treatment of sleep disturbances stabiliz-
es the cognitive and neuropsychiatric symptoms. We did not find a higher 
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frequency of clinically suspected RBD in the cognitive-predominant clinical 
subtype presented in chapter III, its presence being comparable in all sub-
groups. Nevertheless, the study described in chapter III was limited to clini-
cally suspected RBD as only a limited number of patients underwent V-PSG.

The sleep-wake abnormalities in DLB challenge the study of 
sleep in this disease
Damage to the cholinergic nuclei in the forebrain affects the function of the 
reticular nucleus of the thalamus that receives the cholinergic projections 
from the brainstem during the normal N2 stage originating sleep spindles 
(226). Several alterations to the sleep-wake architecture in DLB are described 
in chapter IV. Among them, spindles of low frequency, as well as a reduction 
or absence of them, may represent a marker of cholinergic thalamo-corti-
cal dysfunction in DLB and may also be associated with more cognitive-pre-
dominant phenotypes. The reduction or absence of sleep spindles hinders 
the identification of NREM sleep. Other sleep-wake abnormalities described 
in this thesis, such as slow occipital rhythm during wakefulness, also make 
differentiating the start of sleep difficult. All of this challenged the standard 
DLB sleep scoring method that was originally designed for non-neurologi-
cally impaired subjects. The implementation of a more descriptive system 
to study sleep by V-PSG in demented patients and, specifically, DLB patients 
is strongly recommended as it may have a clinical impact on the diagnosis.

6.2. The neurobiology underlying the clinical 
heterogeneity in DLB

The correlation between different phenotypes and the underlying neuro-
pathology in DLB have been explored in different studies. Some of them 
showed that different regional burden of α-synuclein pathology can result 
in differences in clinical features at onset (64,93,183), features that are 
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in agreement with the clinical subtypes we reported in chapter III. Differ-
ent patterns of Lewy body-related pathology have also been proposed to 
underlie the syndromic variety in demented patients with both Lewy and 
AD pathology (93). For example, a higher disruption of brainstem integ-
rity may cause more severe motor features or sleep disturbances, while a 
predominant cortical distribution of Lewy body pathology may lead to a 
predominant cognitive syndrome (93,183). In fact, in PD, a link between 
a higher burden of cortical Lewy bodies and cognitive impairment as well 
as predominantly non-tremoric motor manifestations have been reported 
(97,194). Those studies support the results presented in this thesis regard-
ing the cognitive-predominant and a parkinsonian-predominant DLB sub-
type as well as the great variety of sleep disturbances with different etiolog-
ic origins described in chapter III and IV, respectively.

Different α-synuclein strains that underlie differential seeding capacities 
inducing strain-specific pathology have been also postulated as a possible 
source of clinical heterogeneity. This strain-specific differential pathology 
may contribute to the heterogeneity within synucleinopathies leading to  
specific neurotoxic phenotypes (60,103).  

On the other hand, the common presence of coincident pathologies such as 
AD (93,199) could also influence the clinical manifestations of DLB. One 
study showed that DLB patients with concomitant AD copathology, based 
on core AD CSF biomarkers, had more severe clinical manifestations, more 
likely visual hallucinations and a higher risk of institutionalization and 
death (48). The higher presence of visual hallucinations is a feature of our 
neuropsychiatric-predominant clinical subtype that could correspond to a 
subgroup within our DLB cohort with a higher concomitant AD pathology. 
This is supported by the fact that this group had the highest age at onset. 
Nevertheless, AD copathology also shortens the interval between the be-
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ginning of motor symptomatology and the onset of dementia in PD, and is 
related to a faster progression in both PD and DLB (48,49,97,185,197). Tau 
copathology has also been associated with higher cortical α-synuclein de-
posits and is distributed in different brain areas in DLB patients when com-
pared to AD suggesting a synergistic effect between both proteins in DLB 
that influences the clinical phenotype (52,64,65). Clinically, tau copatholo-
gy correlated inversely with the performance in the antemortem cognitive 
tests in DLB patients (65). Thus, we speculate that different patterns of tau 
deposition may correlate with the clinical subtypes displayed in chapter III. 
Further clinic-pathological studies are needed to confirm this hypothesis.
Finally, genetics may also play an important role in the clinical heteroge-
neity in DLB. Around 59% of the heritability of DLB is based on common 
genetic variants not included in the recent polygenic risk scores for PD or 
AD. These common variants have been suggested to  influence the clinical 
variety of the disease and may support this clinical heterogeneity (79,86). 
While the number of patients included in this thesis is not sufficient for a 
comprehensive genetic study, these patients have been included in multi-
centric international studies aimed at disentangling this genetic variability 
in DLB, studies that are included as annexes in this thesis.

6.3. Different patterns of glial biomarkers in CSF between 
DLB and AD.

6.3.1. YKL-40 and astroglia in DLB

The results displayed in Chapter V show that YKL-40 is not elevated in 
DLB compared with controls. This is in agreement with previous findings 
in PD and DLB (175,176,179,253), and supports the lack of increase of this 
protein in CSF in synucleinopathies. Since YKL-40 has been reported as an 
astroglial activation marker (166), the absence of YKL-40 CSF elevation in 
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synucleinopathies may suggest a lack of astroglial activation due to α-synu-
clein pathology. However, several studies have shown that α-synuclein can 
be endocytosed by astrocytes and generates glial inclusions that change 
gene expression in astroglia towards a proinflammatory phenotype (159–
161). There are, nevertheless, studies on astrogliosis in PD that show low 
or absent astrogliosis in brain regions with α-synuclein deposits which indi-
cates a high heterogeneity in astroglial activation in PD (158) and supports 
the lack of an increase of YKL-40 in CSF in synucleinopathies such as DLB. 
An increase of CSF YKL-40 in AD and FTLD-related syndromes early in the 
disease course has been reported (165,167,176,177,179,245,254). Thus, 
there is a contrast in YKL-40 levels between synuclein- and tau-related 
neurodegenerative dementias. This suggests that astroglial activation is 
particularly involved in this second group of disorders. Moreover, in Chap-
ter V we demonstrate an increase in YKL-40 levels in DLB patients with 
concomitant AD copathology when compared to DLB patients without AD 
copathology, pointing to comorbid AD as the main factor driving astrocytic 
activation in DLB. In agreement with this finding, YKL-40 levels correlated 
with t-tau and p-tau levels in DLB groups. One possible explanation is that 
the α-synuclein inclusions observed in astrocytes in DLB may influence the 
astrocytic response toward neurodegeneration compared to tauopathies, 
such as AD and FTLD (256,266). It is important to remark that the ele-
vation of CSF YKL-40 in DLB is driven by patients with concomitant AD 
pathology with a higher burden of tau pathology. YKL-40 may be useful in 
clinical practice as a prognostic marker considering the synergistic effect 
proposed between α-synuclein and tau pathologies (66,155,267). 

6.3.2. Microglial activity in DLB

CSF levels of sTREM2 levels in DLB had not been previously studied prior 
to the work presented in Chapter V. On the other hand, studies on large 
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cohorts have shown increased CSF levels of sTREM2 in AD compared with 
controls (169,170,172,248,268). We found higher levels of sTREM2 in DLB 
compared to AD, but this difference did not survive correction for multiple 
testing, perhaps due to the relatively small sample size that limited the 
statistical power. Despite the lack of postmortem studies of TREM2 protein 
in DLB, some authors have previously reported higher levels of TREM2 
in brains of PD patients and in PD murine models (257–259). This could 
support the hypothesis that TREM2 is elevated in synucleinopathies. Nev-
ertheless, we could not find differences in sTREM2 levels between DLB and 
controls. Neither did we find differences when stratifying the DLB group 
by CSF AD profile, indicating that the levels of sTREM2 in DLB are inde-
pendent of AD copathology. In agreement with this result, we did not find a 
correlation between sTREM2 and t-tau and p-tau in DLB groups. 

The absence or loss of function of TREM2 can lock microglia into a home-
ostatic state in murine models (150), thus suggesting that CSF levels of 
sTREM2 can be used as a microglial activation marker in neurodegenera-
tive diseases (169). Although we did not find higher CSF levels of sTREM2 
in DLB compared to controls, there is evidence of microglial activation in 
synucleinopathies, even in its initial phases (267,269), which may indicate 
that other markers better reflect the microglial activation in DLB. Anoth-
er challenge in the study of sTREM2 as a microglial marker in DLB is the 
difficulty in finding significant differences between groups, which can be 
explained by the high intragroup variability in sTREM2 levels and, sub-
sequently, the high number of cases per group required to demonstrate 
differences in protein levels. However, a postmortem study focused on mi-
croglia in AD and DLB has shown a lower density of microglia in brains 
of DLB compared with AD and controls, as well as a higher proportion of 
dystrophic microglia to all microglia (270). In addition, recent analysis of 
RNA levels in postmortem samples of DLB patients showed an increased 
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expression of proteins that reflect astrogliosis but not microgliosis (163). 
These controversies on the role of microglia activation in synucleinopathies 
reinforces the heterogeneity of this group of diseases in glial activation.
I also studied CSF levels of PGRN protein in DLB and prodromal DLB with-
out finding any difference between groups, which agrees with our previous 
results in a set of DLB patients and other dementias (179). As in the case 
of sTREM2, PGRN is not influenced by concomitant AD, suggesting that 
microglial activity in DLB is independent of AD copathology in contrast to 
astroglial activity, measured using YKL-40.

In chapter V we have addressed the possible temporal variation of glial 
markers across different stages of DLB by including a group of prodromal 
DLB. Nevertheless, we did not find differences in the levels of the three glial 
markers studied in prodromal DLB when compared to controls, prodromal 
AD or DLB. Thus, we did not detect the dynamic change in these biomark-
ers that have been observed in the AD continuum (167,169,170,172,173).
Glial biomarkers may be useful in the study of the physiopathological role 
of glial cells in synucleinopathies, and, furthermore, as the modulation of 
microglial activity has been proposed as a potential treatment target in 
synucleinopathies (181), they may be also useful in the future to monitor 
disease-modifying treatments for DLB.

6.4. The importance of recognising the prodromal phase 
of DLB

The main strength of this thesis is the emphasis on characterizing the prodro-
mal phase of DLB. The lack of diagnostic consensus criteria for this stage is 
an unmet urgent need in DLB research. The study of the prodromal phase of 
DLB has been possible thanks to the prospective recruitment of a prospective 
DLB cohort, including MCI patients with features suggestive of an under-
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lying synucleinopathy that have been followed up over several years until 
they met the diagnostic criteria for DLB. In chapter III we demonstrated the 
relevance of this stage for recognising the different clinical subtypes. From a 
physiopathologic point of view, chapter V shows a lack of elevation of glial 
markers in the prodromal stage that suggests a differential role of glial cells 
in DLB with respect to AD. In chapter IV we stated that monitoring the sleep 
disturbances enables the recognition of the prodromal stage of DLB as, when 
present, they may be present years before the diagnosis of DLB.

The three clinical subtypes described in this thesis clearly support the no-
tion that clinical heterogeneity is greater during the prodromal, rather than 
dementia, stage. The clinical features present during this phase may cap-
ture better the initial topography of neuronal dysfunction and loss as well 
as better reflect the heterogeneity existing in DLB (117,193,194). As the 
disease progresses, the more severe and widespread pathology may result 
in a more homogeneous syndrome. This greater heterogeneity during the 
prodromal phase of DLB importantly challenges the homogenization of di-
agnostic criteria during this phase, challenging its recognition (109,110).

Another important challenge to the identification of prodromal DLB is the 
lack of suitable biomarkers to reflect the underlying physiopathological 
processes, namely the deposition of α-synuclein and formation of Lewy 
bodies. The need for good biomarkers applicable to the prodromal phase of 
DLB is emphasized by one of the main results of chapter III, the existence 
of a cognitive-predominant subtype that partially overlaps with prodromal 
AD. This cognitive-predominant subtype, characterised by the dominance 
of isolated cognitive impairment during the first years of the disease and 
a slow progression, is the most common form of prodromal DLB in our 
cohort. This cluster partially overlaps with the typical amnestic MCI due 
to AD (198), due to the difficulty in distinguish these groups without  bio-
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markers. In fact, previous clinicopathological studies have highlighted the 
importance of considering DLB in the differential diagnosis of MCI, as a 
subset of subjects will convert to DLB during follow-up (110). Nowadays 
CSF biomarkers are helpful in identifying those MCI patients with under-
lying AD pathology related to their clinical syndrome and thus, allowing 
a diagnosis of prodromal AD. However, currently this is not possible in 
DLB, due to the lack of biochemical markers of Lewy body related pathol-
ogy. Moreover, considering the high prevalence of AD copathology in DLB, 
it would be possible that a prodromal DLB patient had a CSF biomark-
er profile suggestive of AD underlying pathology. Thus, the diagnosis of 
prodromal DLB is obscured by the existence of biomarkers of AD and the 
absence of biomarkers for Lewy body related pathology. The development 
of specific and sensitive CSF and/or neuroimaging biomarkers for Lewy 
body-related pathology in the initial stages of the disease is essential to the 
correct clinical management of MCI. 

Definition of the prodromal phase of DLB may be crucial to distinguish DLB 
cases when diagnosis is uncertain (50). With that aim, chapter III provided 
a detailed clinical description of prodromal DLB. This has been possible be-
cause of a structured chart review and the performance of a questionnaire 
specifically oriented to the identification of the main clinical features in 
DLB and a complete neuropsychological assessment. It is important to re-
mark that all cognitive domains, and not only memory, should be assessed 
in MCI patients to allow the correct recognition of prodromal DLB, as atten-
tion and visuospatial domains are typically affected while memory is often 
preserved. This consideration is important, especially in those patients with 
iRBD, an important group at risk of developing DLB. The assessment based 
on screening tools, such as MMSE, can result in an underdiagnosis of DLB 
in its prodromal stage because of its lack of sensitivity to detect the earliest 
phases of DLB as is the case of MCI due to AD (14,111). 
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Chapter IV highlighted the importance of sleep disturbances in DLB. Sleep 
abnormalities, such as RBD symptoms, are especially relevant in prodromal 
DLB since when present, may precede cognitive symptoms and the full-blown 
picture of DLB by several years. Chapter IV also described other EEG features, 
such as the slow occipital rhythm, which enables identification of patients 
more susceptible to RBD. This finding could be useful in MCI patients as this 
may be useful to select candidates for a more detailed sleep study, facilitating 
the recognition of RBD and other sleep disturbances in DLB.  

6.5. Limitations

The main limitations common to the three studies included in this thesis are 
the relatively small number of included patients, the lack of pathological 
confirmation of the DLB diagnosis and that the entire cohort was recruited 
in a single center that can result in some biases, such as selection bias, etc. 
There is also need to validate the results in an independent cohort.
Besides these common limitations, there are other specific limitations for 
each sub-study. In chapter III, part of the data was collected retrospectively 
and, due to the low number of patients who had CSF biomarkers or brain 
imaging, study of these biomarkers was not feasible. The main limitations 
in chapter IV were that more than 50% of the patients refused to partici-
pate; some patients did not achieve enough REM sleep, there was not a reli-
able sleep informant in 51% of cases,  some patients used medications that 
could modify the sleep architecture, and a control group was not included.

6.6. Future directions

Here I propose the questions that go beyond this thesis and that will need 
future research. To validate the three clinical subtypes of DLB a study of the 
underlying neuropathology is required to investigate the neuropathological dif-
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ferences that may relate to the different phenotypes. Most of the neuropatho-
logical studies addressing the clinical variety in DLB centred in the presence 
of AD copathology (65,93). To properly understand the contribution of AD 
copathology and other copathologies, as TDP-43 aggregates, in these clusters, 
neuropathological studies aimed to quantify these copathologies in the differ-
ent cortical and subcortical brain areas in DLB patients with extensive and de-
tailed clinical reports from the stage of MCI are needed. On the other hand, a 
neuropathological study of DLB patients subdivided according to the proposed 
clinical subtypes would also allow the study of the cellular and molecular bi-
ology beyond the Lewy body related pathology and AD copathology that may 
underlie the clinical heterogeneity in DLB. New techniques assessing the dif-
ferent pointed α-synuclein strains and specific seeding capacity as well as their 
relationship with tau aggregation should be applied in the research of the clin-
ical heterogeneity, not merely along synucleinopathies, but within DLB itself. 

The development and application of biochemical and neuroimaging bio-
markers is highly relevant to disentangle the biological basis supporting 
the clinical heterogeneity in DLB. These markers would be essential in the 
detection of the prodromal phase of DLB. The recognition of prodromal 
DLB is highly relevant considering future disease-modifying drugs that may 
be more effective in this phase of the disease. The study of DLB patients 
from their earlier stages would allow longitudinal studies to investigate 
the evolution of the biological markers together with the different clinical 
features.  Although iRBD patients are amenable to longitudinal follow-up 
(107), to avoid biases in extrapolating features typical from those patients 
to others without RBD and that may present very different characteristics 
(107), such studies should not be limited to this group. 

Furthermore, studies aimed at exploring the relationship between the brain 
structure and function by MRI and the three clinical subtypes presented in 
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Chapter III are needed. This study could be complemented with functional 
neuroimaging based on PET scan, which would also be informative of the 
underlying damage to neural networks underlying the proposed clinical sub-
types. New neuroimaging technics as amyloid- and tau- PET could also be 
useful to study copathology and pathological synergies in DLB.  To obtain 
this objective, larger cohorts with appropriate and quantified neuroimaging 
examinations and a complete and prospective clinical assessment from the 
stage of MCI, are required. Since DLB has a lower prevalence and incidence 
than AD, and is frequently underdiagnosed, the creation of large, sufficiently 
powered cohorts to perform different studies is challenging. To solve this 
problem, it is crucial to create and enlarge common and public repositories 
based on multicentric and international recruitment following the example 
of the Alzheimer Disease Neuroimaging Initiative (ADNI). With this aim, sev-
eral initiatives such as the European DLB consortium in Europe or the De-
mentia with Lewy bodies Consortium in United States have started recently.

From a clinical point of view, the importance of the V-PSG in the study of 
the sleep disturbances in DLB has been highlighted in Chapter IV. Larger 
studies with a systematic V-PSG analysis aimed to establish new descriptive 
criteria for the assessment of sleep in demented patients, specifically in DLB, 
are needed. These criteria would help in the harmonization of sleep stud-
ies focused on better understanding the sleep pathology in DLB. Improved 
systematic and specific studies of sleep disturbances in DLB in specialized 
clinical centres improves the clinical management of these patients. Given 
the limited access and the difficulties associated with performing a V-PSG 
on demented patients, the search for other early markers that can identi-
fy candidates who would benefit from V-PSG would be of help in clinical 
practice. How the different sleep pathologies in DLB correlate with specific 
phenotypes, biomarker profile and underlying neuropathology should also 
be an important point of research.
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Finally, neuropathological and experimental studies using cellular and ani-
mal models and aimed at understanding the role of glial activation in DLB 
should be undertaken. Specifically, in vitro and in vivo studies of how glial 
activity influences tau pathology in synucleinopathies should be performed. 
Besides basic experimental studies, we should consider the importance of 
neuropathological studies specifically aimed to better understand the role of 
glial cells in the human DLB brain. Specific studies aimed at unravelling the 
role of glial cells in the beginning and the evolution of the DLB are needed. 
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7. CONCLUSIONS

 • Three subtypes of DLB that differ in their clini-
cal manifestations and progression can be distin-
guished based on the predominant symptoms dur-
ing the prodromal phase of the disease: cognitive-, 
psychotic- and parkinsonism-predominant.

 • Sleep-wake disturbances are common and com-
plex in patients with DLB. V-PSG is essential to di-
agnose RBD and rule out mimics.

 • DLB and AD show different patterns of glial acti-
vation markers in CSF. sTREM2, PRGN and YKL-40 
levels in CSF are normal in prodromal DLB and DLB 
in the absence of AD co-pathology. YKL40 levels are 
only elevated in those DLB patients with abnormal 
core AD biomarkers. 
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9. ANNEXES

Annex 1
Article: Progranulin protein levels in cerebrospinal fluid in neurodegener-
ative dementias
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Annex 2
Article: Investigating the genetic architecture of dementia with Lewy bod-
ies: a two-stage genome-wide association study
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Annex 3
Article: A comprehensive screening of copy number variability in dementia 
with Lewy bodies.
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Annex 4
Article: GBA and APOE ε4 associate with sporadic dementia with Lewy 
bodies in European genome wide association study.
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Annex 5
Article: CSF progranulin increases in the course of Alzheimer’s disease and 
is associated with sTREM2, neurodegeneration and cognitive decline
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Annex 6
Article: Early increase of CSF sTREM2 in Alzheimer’s disease is associated 
with tau related neurodegeneration but not with amyloid-β pathology
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