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A B S T R A C T

Introduction: Several longitudinal studies revealed that patients affected by idiopathic REM behavior disorder
(iRBD) trend to convert to α-synucleinopathies at follow-up, although the time and direction of conversion is
currently unpredictable. This study aimed at evaluating brain glucose metabolism, measured by [18F]FDG-PET,
in patients affected by iRBD and compared to Parkinson's Disease (PD), Lewy Body Dementia (DLB), Alzheimer's
Disease (AD), and controls.
Methods: Differences in brain [18F]FDG uptake were analyzed using statistical parametric mapping im-
plemented in Matlab R2012b among iRBD, PD, DLB, AD, and controls.
Results: Fifty-four iRBD, 28 PD, 10 DLB, 55 AD, and 35 controls were included in this study. iRBD patients
presented an altered [18F]FDG uptake, since the increased [18F]FDG uptake in the brainstem and the reduced
[18F]FDG uptake in temporal and parietal regions compared to controls. Moreover, iRBD patients showed
several differences in [18F]FDG uptake than PD, DLB, or AD groups, with the main differences documented in
the comparison with AD patients.
Conclusions: This study documented the alteration of brain [18F]FDG uptake in brainstem and cortical areas of
iRBD patients compared to controls. Moreover, the cerebral [18F]FDG uptake of iRBD patients resulted different
from that presented by AD, further supporting the hypothesis that tau-related neurodegeneration may not induce
RBD manifestations. However, brain [18F]FDG uptake of iRBD patients also differed from that of DLB and PD
patients. Hence, these findings further support the hypothesis that iRBD may represent a very early stage of α-
synucleinopathy in which biomarkers changes already occur but not allow the prediction of phenoconversion.

1. Introduction

Rapid Eye Movement (REM) Behaviour Disorder (RBD) is a sleep
parasomnia characterized by the pathological lack of atonia during
REM sleep (REM sleep without atonia) associated with abnormal and
vigorous nocturnal complex motor behaviours and vocalizations
(dreams' enactment) [1]. RBD may be associated with other sleep dis-
orders (i.e. narcolepsy) [2], with a wide range of neurodegenerative
disorders (i.e. α-synucleinopathies) [2], and as iatrogenic consequence

of psychiatric treatments (i.e. antidepressants, beta-blockers) [3]. When
RBD is associated with neurological disorders, it is classified as sec-
ondary. In 60% of cases no triggering causes or other neurological
disorders are identified and RBD is defined as idiopathic (iRDB), al-
though this differentiation is actually under debate [4]. Longitudinal
studies (with 16 years follow-up) revealed that up to 81% of iRBD
patients convert to α-synucleinopathies such as Parkinson's Disease
(PD), Lewy Body Dementia (DLB) and multiple system atrophy (MSA)
[5], which are neurodegenerative disorders characterized by neuronal
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loss due to the accumulation of α-synuclein deposits, named Lewy
bodies (LB) [6]. Hence, iRBD may represent the prodromal manifesta-
tion of these neurodegenerative α-synucleinopathies. However, some
longitudinal studies reported that a small group of patients can develop
either overlapping form of dementia or AD [7].

[18F]-Fluorodeoxyglucose positron emission tomography ([18F]
FDG PET) is currently the most accurate in-vivo method for the in-
vestigation of regional human brain metabolism in health and disease
states [8]. It measures cerebral glucose metabolism, which can be un-
derstood as a proxy of synaptic function [8]. Since [18F]FDG PET can
be considered as a downstream topographical marker of a neurode-
generative disease, it can provide helpful diagnostic information and
complement findings of other neuroimaging techniques and can be used
to monitor disease severity or progression [9]. As documented in cross-
sectional studies, [18F]FDG PET can detect abnormal functional brain
alterations in iRBD patients [10,11], which are predictive of pheno-
conversion and evolution toward the onset of α-synucleinopathies [12].
Accordingly, patients with RBD who phenoconvert to PD or DLB may
already have functional cerebral abnormalities at baseline [12].

Therefore, iRBD may represent a prodromal manifestation of dif-
ferent neurological disorders such as PD, DLB, and less frequently AD.
The aims of this study are: (i) to assess brain glucose metabolism
measured by [18F]FDG PET in patients affected by iRBD compared to a
group of healthy controls; (ii) to compare the [18F]FDG uptake of iRBD
patients to different groups of patients affected by neurodegenerative
disorders such as PD, DLB, AD.

2. Methods

2.1. Participants and study design

We studied patients affected by iRBD, PD, DLB, and AD admitted to
the Neurology Clinic of the University of Rome “Tor Vergata” or IRCSS
Neuromed. All patients underwent [18F]FDG PET in order to evaluate
brain glucose consumption. All patients received the diagnosis ac-
cording to the current version of the diagnostic guidelines for each
disorder. In particular, iRBD was diagnosed according to the guidelines
present in the International Classification of Sleep Disorders and based
on video-polysomnographic recording [1]; AD was diagnosed according
to McKhann et al. criteria [13]; DLB was defined as McKheit et al.
guidelines [14]; idiopathic PD according to the UK Parkinson's Disease
Society Brain Bank criteria [15]. All iRBD, PD, DLB, and AD patients
were drug-naïve since the [18F]FDG PET study was performed during
the diagnostic standard protocol at the Neurology Clinics. We also in-
cluded a group of control subjects, which has been previously described
[16]. Briefly, controls were chemotherapy naïve subjects undergoing a
[18F]FDG PET evaluation, which resulted completely negative,
showing a MMSE>27/30 and not using drugs active on CNS.

Exclusion criteria for patients and controls were the following:
systemic and/or neurologic infectious, inflammatory or autoimmune
diseases; diabetes; concomitant psychiatric or other neurological dis-
orders; previous history of stroke or cerebral infarctions documented in
magnetic resonance imaging (MRI). In particular, we included in the
iRBD group exclusively patients affected by RBD and not showing a

possible iatrogenic cause of the sleep disorder or concomitant neuro-
logical/psychiatric diseases.

The study protocol was considered as observational by the internal
review board of the Local Ethical Committee and performed according
to the STROBE statement.

2.2. [18F]FDG PET scanning

The PET/CT system Discovery VCT (GE Medical Systems,
Tennessee, USA) has been used to assess brain distribution of [18F]
FDG in all the subjects by means of a 3Dmode standard technique with
the same imaging modalities reported previously by our group in
agreement with standard guidelines [14]. In particular, all the subjects
fasted for at least 5 h before intravenous injection of [18F]FDG (dose
range 185–250 Mega Becquerels); the serum glucose level was less or
equal than 108mg/ml in all subjects. A static scan has been performed
30min after the injection of the radiolabeled compound. Reconstruc-
tion method for PET scan included ordered Subsets Expectation Max-
imization Algorithm (20 iterations, 4 subsets) with a 256× 256 matrix.
Drugs that have been reported to interfere with [18F]FDG bio dis-
tribution were discontinued in all the subjects examined.

2.3. Data analysis

2.3.1. Analysis of [18F]FDG PET data in patients and control groups
We used statistical parametric mapping (SPM8, Wellcome

Department of Cognitive Neurology, London, UK) implemented in
MATLAB 2016b (MathWorks, Natick, MA, USA) for biodistribution
analysis in the brain for both radiolabeled compounds. [18F]FDG PET
data were subjected to affine and non-linear spatial normalization into
the Montreal Neurological Institute space (MNI) with a dementia-spe-
cific [18F]FDG PET template for SPM normalization ( [17]). We applied
an 8-mm isotropic Gaussian filter to blur the individual variations
(especially gyral variations) and increase the signal-to-noise ratio. We
used the following parameters and post processing tools before t-test
regression analysis was applied: global normalization, 50 (using pro-
portional scaling); masking threshold, 0.8; transformation tool of sta-
tistical parametric maps into normal distribution; correction of SPM
coordinates to match the Talairach coordinates, subroutine im-
plemented by Matthew Brett (http://www.mrc-cbu.cam.ac.uk/
Imaging). Brodmann areas (BA) were identified at a range from 0
3mm from the corrected Talairach coordinates of the SPM output iso-
center by using a Talairach client available http://www.talairach.org/
index.html. As proposed by Bennett et al. [18], SPM t-maps have been
corrected for multiple comparisons with the false discovery rate
(P= 0.05) and corrected for multiple comparisons at cluster level
(P= 0.001). Only those clusters containing more than 100 (5×5×5
voxels, i.e., 11×11×11mm) contiguous voxels were considered
significant.

For the comparison among groups, the voxel-based analysis was
performed using a modality-adjusted paired t-test (two conditions, one
scan/condition) and the following comparisons were assessed: iRBD vs
PD, iRBD vs DLB, iRBD vs AD, iRBD vs controls, using sex, age, and
MMSE as nuisance variables. We also performed a secondary analysis

Table 1
Demographic and clinical characteristics of patients and controls.

iRBD (n= 54) mean ± SD PD (n= 28) mean ± SD DLB (n=10) mean ± SD AD (n= 55) mean ± SD Controls (n= 35) mean ± SD

Age 69.75 ± 8.89 65.6 ± 7.56 69.02 ± 7.71 69.18 ± 4.30 67.89 ± 4.95
Gender 41M; 13F 15M; 13F 8M; 2F 24M; 31F 19M; 16F
Disease Duration (years) 5.75 ± 2.57 1.75 ± 3.14 2.15 ± 1.26 2.77 ± 1.85 NA
MMSE 27.64 ± 2.06 26.30 ± 4.22 23.6 ± 5.20 21.44 ± 3.82 29.40 ± 1.22
UPDRS-III 3.45 ± 3.78 16.90 ± 8.50 15.01 ± 6.45 NA NA

Abbreviations: iRBD, idiopathic RBD; RBD, REM sleep behavior disorder; PD, Parkinson's Disease; DLB, Lewy Body Dementia; AD, Alzheimer's Disease; SD, standard
deviation; M, male; F, female; NA, not admitted.
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comparing controls to AD, DLB and PD patients using sex, age, and
MMSE as nuisance variables in order to test the [18F]FDG uptake in
each neurodegenerative disorder. In the SPM maps, we searched the
brain areas with a significant correlation using a statistical threshold of
P= 0.001, family wise error corrected for the problem of multiple
comparisons, with an extent threshold of 100 voxels.

3. Results

We included in this study 54 iRBD, 28 PD, 10 DLB, 55 AD, and 35
controls. Demographic and clinical features of patients and controls are
summarized in Table 1.

Considering [18F]FDG PET analysis, for clarity we report in this
section the comparison between iRBD patients to PD, DLB, AD and
controls.

When comparing iRBD to controls, we documented that iRBD pa-
tients showed glucose relative hypometabolism in a wide cluster in-
cluding BA 7, 19, and 37, owing to precuneus, superior parietal lobule
and middle temporal gyrus (see Table 2 and Fig. 1). Conversely, iRBD
patients showed increased FDG uptake in several BAs compared to
controls, owing to temporal lobe, limbic lobe, and frontal lobe and in
the brainstem (see Table 2 and Fig. 1).

Thereafter, we compared iRBD patients to patients affected by dif-
ferent neurodegenerative processes. When comparing iRBD to PD
group, we documented that iRBD patients showed increased FDG up-
take compared to PD patients in the midbrain and pons, cerebellum,
lentiform nucleus and claustrum, and in frontal and temporal lobes (see
Table 2 and Fig. 2). Conversely, PD patients did not show areas with
increased FDG uptake compared to iRBD patients. Considering the AD
and DLB groups, when comparing iRBD to DLB group we documented
that iRBD patients showed increased FDG uptake in temporal, parietal,
and occipital lobes than DLB, whereas iRBD patients showed glucose
relative hypometabolism compared to DLB patients in frontal and
limbic lobes (see Table 2 and Fig. 3). Finally, iRBD patients showed
reduced FDG uptake in the frontal lobe and increased FDG uptake in
limbic, temporal and parietal lobes compared to AD patients (see
Table 2 and Fig. 4).

Finally, we compared the control group to AD, PD and DLB groups;
concerning the comparison between controls and AD patients, the re-
duction of brain glucose consumption in a wide cluster that included
temporal, parietal, limbic and frontal lobes was evident in AD (see
Table 3). Comparing controls to DLB patients the reduction of brain
glucose consumption in parietal, occipital (BA19) and frontal regions
was evident in DLB. The comparison between controls and PD patients
showed the reduced [18F]FDG uptake in parietal and limbic cortices in
PD (Table 3).

4. Discussion

In the present study we showed that patients affected by iRBD
present a distinct cerebral glucose consumption featured by increased
FDG uptake in the brainstem and in the limbic, temporal and frontal
lobes compared to controls. In particular, the brain [18F]FDG uptake
showed by iRBD patients is different from the other neurodegenerative
disorders, such as AD, PD, and DLB. iRBD patients also presented a
significant glucose relative hypometabolism in crucial areas for
memory and cognitive functions, such as precuneus, superior parietal
lobule and middle temporal gyrus, which are brain regions frequently
altered in the early stages of neurodegeneration [10–12]. Moreover,
iRBD patients showed relative increased cerebral glucose metabolism in
brainstem, which contains centers regulating the sleep-wake cycle [19].
Although several studies compared brain [18F]FDG PET of iRBD pa-
tients to controls in the recent years [10–12], the novelty of the present
study is the comparison among iRBD, PD, DLB, AD, and controls.

[18F]FDG PET investigates the resting-state cerebral metabolic rate
of glucose and it has been appropriately chosen for betterTa
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understanding the underlying neurodegenerative processes of PD, DLB
and AD [20]. Moreover, [18F]FDG PET has been widely applied in
neurodegenerative disorders since it allows the identification of cere-
bral glucose relative hypometabolism predicting brain atrophy in dif-
ferent forms of dementia [21]. Accordingly, during the past years [18F]
FDG PET has been largely used to study the physiopathology of several
neurodegenerative disorders. In AD, a specific [18F]FDG PET pattern
has been identified and actually represents one of the biomarkers for
AD diagnosis [13]. In particular, in the early stages of the AD process,
cerebral glucose relative hypometabolism is commonly observed in the
parietal and temporal cortices, posterior cingulate cortex, and pre-
cuneus. As the disease progresses, the AD pathology spreads to involve
the frontal cortex, whereas the metabolism in the striatum, thalamus,
primary sensorimotor cortex, visual cortex, and cerebellum is relatively
preserved [22]. In DLB, it has been demonstrated a prevalent synaptic
dysfunction and neurotransmission dysregulation recognized by [18F]
FDG PET in the posterior brain cortical areas [23]. Nevertheless, in
patients affected by DLB, the [18F]FDG PET studies frequently show
generalized decreased glucose consumption, with higher relative hy-
pometabolism in both occipital and parietal regions [23]. This peculiar
pattern of [18F]FDG uptake appears to have good sensitivity in dis-
tinguishing DLB from AD [22], where the relative sparing of the glucose
metabolism in the visual cortex is present. Finally, a PD related pattern
(PDRP) identifiable in [18F]FDG PET has been designed in studies
performed in PD patients [25]. Accordingly, PD patients show glucose
relative hypermetabolism in pallido-thalamic, pontine, and cerebellar
regions, associated with concurrent glucose relative hypometabolism in
the premotor, temporal and posterior parietal areas, which mainly re-
present the neurons’ circuitries disconnection and neurodegeneration in
those specific brain areas, also associated with reduced performances in
attention and memory-based tasks [24,26]. However, PD patients may
show a preserved [18F]FDG uptake in the striatal regions, and this
preservation of the metabolic activity in the basal ganglia may allow
the differentiation from other parkinsonian syndromes, such as MSA
and progressive supranuclear palsy [23,27,28].

Concomitant with the identification of the PDRP pattern in PD pa-
tients, also in iRBD patients a specific pattern of [18F]FDG has been
very recently hypothesized [10,11]. It is named iRBD-related pattern
(iRBDRP) and consists of increased glucose relative metabolism in
cerebellum, brainstem, thalamus, sensorimotor cortex, and hippo-
campus, and of glucose relative hypometabolism in middle cingulate,
temporal, occipital and parietal cortices [10,11]. This iRBDRP partially
overlaps with the PDRP and may be an early manifestation of this
specific pattern present in PD patients. In the present study, we did not

document significant differences in [18F]FDG uptake in iRBD patients
when compared to PD. This finding partially overlaps with the previous
literature reports confirming that iRBD present a similar [18F]FDG
uptake pattern compared to PD [10,11]. We are aware that iRBD pa-
tients may convert in different neurodegenerative disorders, and pre-
dominantly in α-synucleinopathies [5]. In agreement with these results,
iRBD patients frequently convert to PD and DLB and less frequently to
MSA, mild cognitive impairment or AD [5]. Since the already demon-
strated longitudinal phenoconversion of iRBD patients at follow-up [5],
studies aimed at identifying the best instrument able to predict the
phenoconversion of iRBD patients to a specific neurodegenerative
process are actually invoked in order to set possible preventive strate-
gies against neurodegeneration.

In this study, we compared [18F]FDG PET images of iRBD patients
to four different groups. Accordingly, we did not exclusively compare
neuroimages of iRBD patients to controls, but we would test whether
the brain glucose metabolism of iRBD patients may overlap or differ
from that presented by PD, DLB, or AD patients. Although we are aware
of a possible limitation of the analysis due to the lower number of pa-
tients included in the DLB and in the PD groups, the novel finding of
this report is the significant differences found in cerebral [18F]FDG
uptake of iRBD patients compared to all groups (controls, PD, DLB, and
AD). As expected, the main differences were found between iRBD and
AD patients, thus providing a further evidence of a different neurode-
generative process underlying iRBD condition, which does not resemble
that of AD pathology. In agreement with the present findings, the ma-
jority of longitudinal investigations do not report AD as a possible de-
velopment for patients affected by iRBD and our results agree with this
literature evidence [7]. Therefore, this finding concords with the lit-
erature suggestion that iRBD can represent a prodromal manifestation
of α-synucleinopathies and not tauopathies. Moreover, another limita-
tion of our study is the lack of an appropriate correction for gray matter
ratio (GMR), which is the percentage of the gray matter volume divided
by the intracranial volume. Considering the exploratory aspect of our
study and that it is mainly directed to the study of glucose metabolism
in different neurodegenerative disorders, magnetic resonance imaging
was exclusively used for diagnostic purposes. Future studies, possibly
on a larger cohort of patients, should also include GMR in the analyses.
Finally, we are aware that the use of overall grand mean scaling for
counts may lead to normalization artifacts in global mean normal-
ization; nevertheless scaling of the overall grand mean easily scales all
the data by a common factor with no effects on the statistical analysis
but just changing the unit of measure. For this reason, although it can
limit our results, the impact of overall grand mean scaling has a scarce

Fig. 1. Overlay of the SPM results comparison re-
ported in Table 2 (iRBD-controls and controls-iRBD)
with a T1 magnetic resonance template available in
SPM showing in (a) the increased [18F]FDG uptake
in the brainstem, temporal, limbic and frontal lobes
and (b) the reduced [18F]FDG uptake in parietal and
occipital lobes in iRBD patients.
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effect on the significance of the analysis performed.
In keeping with our results, it is actually demonstrated that patients

affected by iRBD do not show a peculiar cerebral glucose metabolism.
In fact, clinicians do not currently have instruments for predicting the
time of phenoconversion to a specific neurodegenerative disorder in
iRBD patients. It has been hypothesized that there is a sort of LB disease
related pattern at [18F]FDG PET, with a progressive degree for severity
from iRBD, to PD and eventually to DLB [10]. Moreover, the hetero-
geneous cerebral spreading of α-synuclein pathology and its interaction
with concomitant genetic factors, cognitive reserve, and brain pathol-
ogies might largely explain the different rates of conversion of iRBD
patients in longitudinal cohorts [5]. Therefore, the evolution of the
neurodegenerative process underlying iRBD condition is hard to detect
and nowadays we did not have possibilities to predict the time and way
of phenoconversion. The alteration of [18F]FDG PET has been only
hypothesized as a possible early biomarker of conversion in iRBD

patients, since a previous cross-sectional study demonstrated that [18F]
FDG PET, combined with dopamine transporter binding and olfaction,
may complementary provide information for predicting phenoconver-
sion [28]. Moreover, latent network abnormalities detected by [18F]
FDG PET in iRBD patients have been associated with a greater like-
lihood of subsequent phenoconversion to a progressive α-synucleino-
pathy [12,29].

Notably, this study confirmed the alteration of brain [18F]FDG
uptake in iRBD patients. Indeed, iRBD patients present an abnormal
relative glucose metabolism in brainstem, precuneus, temporal and
limbic regions, and frontal cortex (see Table 2). There may be a way to
explain this finding. Considering that: i) brainstem contains nuclei
regulating REM sleep [19], ii) precuneus and frontal lobe control be-
havioral symptoms [30], iii) temporal and limbic regions regulate
cognitive functions [31]. Hence, the documented alterations of these
brain areas may reflect sleep, behavioral and cognitive symptoms

Fig. 2. Overlay of the SPM results comparison reported in Table 2 (iRBD-PD) with a T1 magnetic resonance template available in SPM showing the increased [18F]
FDG uptake in temporal and frontal lobes and in brainstem in iRBD patients.
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present in iRBD patients and due to the initial deposition of α-synuclein
in LB, also taking into account the Braak hypothesis proving that α-
synuceinopathy starts in the brainstem and longitudinally diffuses to
the cortical brain regions [32].

5. Conclusion

In conclusion, we suggest that neuronal energy glucose damage
occurs in iRBD patients, and may be the possible expression of the

neurodegenerative processes already affecting these patients. In
agreement with our hypothesis, recent evidence showed that all iRBD
patients exhibit signs and symptoms of neurodegeneration [33]. No-
tably, the present study further supports the hypothesis that AD pa-
thology can not induce RBD manifestations, since the documentation of
significant differences in the cerebral [18F]FDG uptake presented by
iRBD when compared to AD patients.

Hence, considering that brain metabolism is a reliable marker of
local synaptic and neural dysfunction, which often precedes by many

Fig. 3. Overlay of the SPM results comparison reported in Table 2 (iRBD-DLB and DLB-iRBD) with a T1 magnetic resonance template available in SPM showing in (a)
the increased [18F]FDG uptake in occipital, parietal and temporal lobes, and (b) the decrease [18F]FDG uptake in limbic and frontal lobes in iRBD patients.

Fig. 4. Overlay of the SPM results comparison reported in Table 2 (iRBD-AD and AD-iRBD) with a T1 magnetic resonance template available in SPM showing in (a)
the increased [18F]FDG uptake in limbic, parietal end temporal lobes and (b) the reduced [18F]FDG uptake in frontal lobes in iRBD patients.
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years structural damage and clinical signs of neurodegeneration [34],
we highlight the need for understanding the neuronal mechanisms ac-
counting for brain metabolism alteration in iRBD patients in order to
potentially identify iRBD subtypes and set new strategies and ap-
proaches to counteract neuronal damage and predict the pheno-
conversion to specific LB neurodegenerative disorders and thus possibly
start the most appropriate neuroprotective treatment strategy.
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