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Abstract: Little is known about the brain correlates of anosognosia or unawareness of disease in
Parkinson’s Disease (PD) and Huntington’s Disease (HD). The presence of unawareness or impaired
self-awareness (ISA) of illness has profound implications for patients and their caregivers; therefore,
studying awareness and its brain correlates should be considered a key step towards developing
effective recognition and management of this symptom as it offers a window into the mechanism
of self-awareness and consciousness as critical components of the human cognition. We reviewed
research studies adopting MRI or other in vivo neuroimaging technique to assess brain structural
and/or functional correlates of unawareness in PD and HD across different cognitive and motor
domains. Studies adopting task or resting-state functional magnetic resonance imaging, and/or
18-F fluorodeoxyglucose positron emission tomography brain imaging and/or magnetic resonance
imaging structural measures were considered. Only six studies investigating neuroimaging features
of unawareness in PD and two in HD were identified; there was great heterogeneity in the clinical
characteristics of the study participants, domain of unawareness investigated, method of unawareness
assessment, and neuroimaging technique used. Nevertheless, some data converge in identifying
regions of the salience and frontoparietal networks to be associated with unawareness in PD patients.
In HD, the few data are affected by the variability in the severity of motor symptoms. Further studies
are needed to better understand the mechanisms and brain correlates of unawareness in PD and HD;
in addition, the use of dopaminergic medications should be carefully considered.
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1. Introduction

The first clinical description of poor awareness of illness can be traced back to 19th-
century reports depicting the “belle indifference” in hysteria [1] and the “einsichtslos”
described in psychosis by von Kraft-Ebing in 1878, defining with those terms the patient’s
inability to recognize their delirious condition. Anosognosia (a, without; noso, disease;
gnosia, knowledge) was a term firstly introduced in 1914 by Babinski to describe the clinical
syndrome of the unawareness of hemiplegia of the left side of the body due to damage
to the right cerebral hemisphere [2]. Its use has been subsequently extended to other
neurological symptoms, including cognitive impairment, and defined as the condition of
a patient affected by a brain dysfunction who does not recognize the presence or adequately
appreciate the severity of deficits in sensory, perceptual, motor, affective, or cognitive
functioning evident to clinicians and caregivers [3,4].

The presence of unawareness or impaired self-awareness (ISA) of illness has profound
implications for patients and their caregivers. Patients with anosognosia may resist treat-
ment interventions because they are not aware of their deficits; they may also experience
problems in daily life functioning where they can be at risk of harming themselves or
others because they cannot judge situations adequately. Furthermore, unawareness of
illness has been associated with caregiver burden and delayed diagnosis by preventing
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patients from seeking medical evaluation [5]. From a more theoretical point of view and
research perspective, the study of the neuropsychological and psychological mechanism
underlying unawareness of neurological disorders offers a window into the mechanism
of self-awareness and consciousness as critical components of human cognition and may
contribute to a better understanding of the pathogenesis of the disorder [5–8]. Unawareness
of illness in neurodegenerative diseases has mainly been studied from a neuropsychological
point of view. However, if we consider unawareness as the result of an imbalance between
brain damage and attempt to adapt responses to brain dysfunction, identifying the specific
brain structures involved is important for understanding the underlying mechanisms of
unawareness. Most studies have investigated the neuropsychological correlates of anosog-
nosia in the Alzheimer’s Disease (AD) continuum [4,9], showing that anosognosia in Mild
Cognitive Impairment (MCI) and AD reflects, at least in part, a failure to update the en-
during self-awareness system based on the set of beliefs of one’s own capacities, attitudes,
and traits in relation to those of others [10]. Several imaging studies of anosognosia have
mainly looked at correlations between clinical measurements of anosognosia and imaging
variables capturing brain metabolism (such as 18-F fluorodeoxyglucose positron emission
tomography, FDG-PET), brain morphology (such as volumetric MRI) [7,8,11], and func-
tional connectivity [12]. Critical areas including medial frontal, medial parietal and lateral
parieto-temporal regions emerged consistently when reviewing studies of awareness brain
correlates in AD [11,13], emphasizing the role of impaired connectivity in crucial nodes of
large-scale cognitive networks in awareness processes.

On the contrary, less is known about features of anosognosia or impaired self-awareness
in other neurodegenerative diseases, particularly in Parkinson’s Disease (PD) and Hunt-
ington’s Disease (HD). In patients with Parkinson’s Disease (PD), reduced or impaired
self-awareness of motor symptoms (ISAm) has been reported in up to 66% of patients [14,15].
PD awareness studies mainly focused on dyskinesia, especially levodopa-induced dyskine-
sia (LID) [16–18], and on hypokinetic motor deficits [15]. Instead, awareness of cognitive
and neuropsychiatric symptoms (ISAcog) has rarely been investigated in PD. Traditionally,
patients with PD were thought to be aware of their cognitive difficulties, especially when
compared to patients with AD; however, the recent literature demonstrated the presence of
impaired self-awareness in PD for executive dysfunction and memory deficits as well for
neuropsychiatric symptoms (see [19] for a review), even if these findings are mixed and
limited by methodological heterogeneity. In Huntington’s Disease, unawareness is still
understudied in comparison to both AD and PD. However, it is a common clinical obser-
vation that patients with HD may have limited insight into their motor, behavioral, and
cognitive deficits [20]. Some authors have suggested that the limited awareness of motor
impairments, especially regarding chorea, is a prominent characteristic of Huntington’s
Disease in its early stages [21,22].

In summary, while individual studies may have drawn different conclusions about
the brain correlates of unawareness in PD and HD, reviewing the studies within a unique
context allowed for clarification of what is currently known about the brain correlates of
unawareness in PD and HD. The aim of this review was to provide an overview of existing
knowledge on the brain correlates of unawareness in PD and HD; we reviewed research
studies that adopted MRI or other in vivo neuroimaging techniques to assess the brain’s
structural and/or functional correlates of unawareness in PD and HD across different
cognitive and motor domains. To the best of our knowledge, there are no published reviews
of the existing literature on the neuroimaging correlates of impaired self-awareness in
Parkinson’s and Huntington’s diseases; other reviews have mainly focused on clinical
features of motor and cognitive/neuropsychiatric awareness, without a specific interest
in their neural correlates [18–20,23,24]. Understanding awareness mechanisms and their
associated neural correlates in PD and HD is a key step towards developing the effective
management of this symptom.
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2. Materials and Methods
2.1. Inclusion and Exclusion Criteria

Articles were selected according to predefined inclusion criteria: (a) studies focusing on
awareness, both for motor and cognitive/neuropsychiatric symptoms; (b) studies focusing
on Parkinson’s Disease and Huntington’s Disease; (c) studies using in vivo neuroimaging
techniques to assess the brain’s structural and/or functional correlates of unawareness
(magnetic resonance imaging, 18-F fluorodeoxyglucose positron emission tomography,
functional connectivity); (d) studies of humans; (e) studies available in English and as
full-text. Exclusion criteria were as follows: (a) articles that did not include neuroimaging
technique as primary method of investigation; (b) articles not related to awareness for
motor or cognitive/neuropsychiatric symptoms; (c) studies of animals or other populations;
(d) reviews and meta-analyses; (e) non-full-article studies (including, but not limited to,
conference proceedings or anecdotal reports).

2.2. Search Strategy

In order to capture the extent of the literature, a range of search terms were used.
Either “Parkinson’s” or “Huntington’s” were used as a term to denote the disease of interest,
combined with either “self-insight”, “anosognosia”, “unawareness”, or “self-awareness”
to denote the neuropsychological area of interest and “MRI”, “resonance”, “imaging”, or
“PET” to denote neuroimaging data. Literature searches were performed using the PubMed
Medline, Scopus, Embase, and Web of Science databases. The PubMed search’s final line
was the following: [((anosognosia) OR (unawareness) OR (self-awareness) OR (self-insight))
AND ((Parkinson) OR (Huntington)) AND ((MRI) OR (resonance) OR (imaging) OR (PET))].
The Embase search’s final line was the following: Parkinson AND (‘awareness’/exp OR
awareness OR ‘anosognosia’/exp OR anosognosia OR ‘insight’/exp OR insight) AND
(‘mri’ OR ‘pet’ OR ‘resonance’). We retrieved research studies published from inception
to 31 December 2023. We explicitly filtered our research by excluding reviews, animal
studies, and articles not published in the English language. We imported our research
string using the Rayyan Intelligent Systematic Review Tool (https://www.rayyan.ai/,
accessed on 3 January 2024) [8], and after duplicate removal, we obtained 424 articles
available for double-blinded title and abstract screening by two independent reviewers
(M.T., M.M.). Articles were excluded if they contained no neuroimaging data, if studies
were not related to awareness, or if reviews or meta-analysis were presented. Once the
reviewers reached a decision for all articles, they shared their decisions and discussed each
conflicting case to reach a consensus. Finally, after additional relevant publications were
identified from full-text bibliographies, 8 articles were considered eligible for the aim of this
study and were included in the present review: 6 articles investigated unawareness in PD,
and 2 did so in HD (Figure 1). To be sure that no studies had been incidentally excluded,
we also performed a PubMed and Web of Science search with the terms “Parkinson’s”
or “Huntington’s” to denote the disease of interest, combined with either “self-insight”,
“anosognosia”, “awareness”, or “self-awareness” to denote the neuropsychological area of
interest but without including “MRI”, “resonance”, “imaging”, or “PET” in order to identify
all studies investigating awareness in PD and HD irrespective of neuroimaging data. From
all studies identified (n = 2519), after the same screening and eligibility process already
described for the primary search, we only identified studies including neuroimaging, and
the same 8 previously identified neuroimaging studies emerged. This review was not
pre-registered on PRISMA.

https://www.rayyan.ai/
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Figure 1. Flow-chart of study selection. The diagram shows the detailed process of study selection
according to the PRISMA guidelines for systematic reviews and meta-analyses.

3. Results

Table 1 reports all studies included in this review. Participants’ characteristics, cogni-
tive statuses (if available), domains of awareness investigated, awareness measurement
used, neuroimaging techniques, and key findings were reported for each study.
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Table 1. Studies of impaired self-awareness brain correlates in PD and HD.

Study Participant Clinical and Cognitive
Status

Domain of
Awareness

Awareness
Assessment

Neuroimaging
Technique Key Neuroimaging Findings

Maier et al.,
2016 [15]

31 PD

- Median age of
66 years

- Median disease
duration of
9 years

- Not demented
(MMSE > 26)

- Not depressed
(BDI-II < 19)

Motor awareness
(dyskinesia, resting

tremor, bradykinesia)

ISAm-PD (discrepancy
score between

self-reporting and
clinician’s judgment
blinded to patient’s

answers)

FDG-PET:

- correlation
analyses between
metabolism and
measures of
awareness in OFF
and ON drug
condition

OFF state: negative correlation between
FDG-PET metabolism and ISAm total score

in right inferior frontal gyrus (p = 0.016)
and right insular cortex (p = 0.083). ON

state: positive correlation between ISAm
total score and metabolism in left inferior

frontal gyrus, bilateral medial frontal gyrus,
right superior frontal gyrus, and right

precentral gyrus (p < 0.05); positive
correlation between ISAm-LID and

metabolism in bilateral midcingulate cortex
and left paracentral lobule (p < 0.05)

Palermo et al.,
2018 [25]

27 PD

- Mean age of
64 years

- Median disease
duration of
10 years

- Not demented
(MMSE > 26)

- Good clinical
response to
medication

- Presence of motor
fluctuations

Motor awareness
(dyskinesia)

Dyskinesia Index as
a discrepancy score
between patient’s

judgement and that
of clinician

Task-related
fMRIGo-NoGO
paradigm:

- correlation
analyses between
neuroimaging
measures and
measures of
awareness

- therapeutic
washout during
neuroimaging
acquisition (last
medication 8 h
before MRI)

Dyskinesia unawareness negatively
correlated with the NoGO/GO response in
bilateral anterior cingulate cortex, bilateral

anterior insular cortex, and right
dorsolateral prefrontal cortex (p < 0.05)
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Table 1. Cont.

Study Participant Clinical and Cognitive
Status

Domain of
Awareness

Awareness
Assessment

Neuroimaging
Technique Key Neuroimaging Findings

Multani et al.,
2019 [26]

57 participants
(FTD = 10, AD = 18,
PD = 19, and HC = 10)

- Mean PD age of
70 years

- Median disease
duration not
reported

Mean CDR-SoB in
PD group = 2.9

Social
Cognition

Revised Self-
Monitoring Scale

(RSMS) as a measure of
the subjects’ awareness

of their own social
behavior (as assessed

by the informant)

Resting-state fMRI
(seed-based) + Diffusion
Tensor Imaging and
Structural Connectivity:

- group-comparison
analysis

- ON drug state

Positive correlation between RSMS and
right supramarginal gyrus, posterior

division, right angular gyrus, and right
frontal pole (p = 0.003); functional

connectivity across all groups, but data of
PD separately were not mentioned

Yoo et al.,
2021 [27]

153 drug-naïveand
non-dementedPD
patients

- Mean age of
64 years

- Median disease
duration of
1.6 years

Cognitive intact or MCI Cognitive symptoms

Cognitive subjective
complaint interview

compared to objective
performance (impaired

self-awareness of
cognitive deficits,
IACd): patients

were grouped in the
PD-IACd+ (with IACd)

and PD-IACd-
(without IACd) groups

MRI cortical thickness,
diffusion tensor imaging
(DTI) and striatal
dopamine transporter
(DAT):

- group-comparison
analysis

- drug-naïve

Patients in the PD-IACd+ group had white
matter disintegrity, especially in genu of
the corpus callosum and anterior limb of

internal capsule, compared to those
without IACd;

cortical thickness or striatal DAT
availability was comparable regardless of
presence of IACd. Amongst patients with

mild cognitive impairment, those with
IACd had more severe WM disintegrity

than those without IACd

Buchwitz
et al., 2023

[28]

15 PD

- Mean age of
64 years

- Disease duration
not reported

- Not severely
demented
(PNDA > 15)

- Not severely
depressed
(BDI-II < 28)

Motor awareness
(dyskinesia, resting

tremor, bradykinesia)

ISAm-PD (discrepancy
score between

self-reporting and
clinician’s judgment
blinded to patient’s

answers)

Resting-state fMRI
(seed-based):

- ON drug state

ISAm total score were positively associated
with functional connectivity between left

inferior frontal gyrus and right insular
cortex, right frontal operculum, and right

frontal orbital cortex; ISAm-LID scores
were negatively correlated with functional
connectivity between both inferior frontal

gyrus and right precentral gyrus
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Table 1. Cont.

Study Participant Clinical and Cognitive
Status

Domain of
Awareness

Awareness
Assessment

Neuroimaging
Technique Key Neuroimaging Findings

Maier et al.,
2023 [29]

63 PD and 30 HC

- Mean age of
68 years

- Median disease
duration of
5 years

Cognitive intact or
PD-MCI

- Not demented
(MDS criteria)

- Not depressed
(BDI-II < 21)

Cognitive awareness

ISAcog constructed
using the Cognitive

Failures Questionnaire
(z scores comparison

with HC)

FDG-PET + MRI cortical
thickness on brain
regions where
metabolism correlated
negatively with ISAcog:

- correlation
analyses between
brain regions and
ISAcog

- OFF drug state

FDG-PET findings: negative correlation
between ISAcog and metabolism in

bilateral superior medial frontal gyrus,
anterior and midcingulate cortex (p < 0.001);
MRI findings: no correlation with cortical

thickness in regions found with PET

Justo et al.,
2013 [22]

28 early HD and
28 preclinical HD
carriers and 12 HC

- Mean Age

HD of 51 years
Carrier of 40 years

- disease duration
not reported

Early HD not demented
but with chorea

Motor awareness
(chorea)

Ad hoc questionnaire
investigating (A)

insight into motor
dysfunction, (B)

identification of the
cause, (C) perception

of the practical
consequences of the
motor dysfunction,
and (D) concurrent

awareness of
involuntary
movements

Structural MRI:

- correlation
analyses between
brain structures
and insight-related
scores

Positive correlation between insight and
striatal volumes (when controlled for the

severity of motor disorders)

McCusker
et al., 2013

[30]

550 HD mutation
carriers

Age range of
42–46 years

Not demented Motor awareness

Unawareness
was identified when no
motor symptoms were

self-reported but
when a diagnosis of
definite motor HD

was made.

Structural MRI:

- group comparison
analyses between
aware and
unaware patients

Unaware group had greater striatal and
white matter volumes compared to

aware group

PD: Parkinson’s Disease; HD: Huntington’s Disease; HC: healthy controls; MMSE: Mini-Mental State Examination; BDI: Beck Depression Inventory; MRI: magnetic resonance imaging;
FDG-PET: 18-F fluorodeoxyglucose positron emission tomography; ys: years; ISAcog: impaired self-awareness in cognitive domain; ISAm: impaired self-awareness in motor domain;
CDR-SoB: clinical dementia rating scale, sum of boxes; MDS: Movement Disorder Society Clinical Diagnostic Criteria for Parkinson’s Disease; PNDA: Parkinson’s Neuropsychometric
Dementia Assessment; IACd: impaired self-awareness of cognitive deficits.
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3.1. Unawareness in Parkinson’s Disease

Six studies investigating brain correlates of impaired self-awareness in PD were
included.

Maier et al. [15] were the first researchers to apply neuroimaging techniques to investi-
gate unawareness in PD patients, focusing on unawareness of motor symptom measured by
the discrepancy between a patient’s self-judgement after motor performance and clinicians’
judgements. By using FDG-PET, they found that not-demented PD patients with higher
motor unawareness showed lower metabolism in the right inferior frontal gyrus during
the OFF state. During the ON state, PD patients with higher motor unawareness had
higher metabolism in the left inferior frontal gyrus, bilateral medial frontal gyrus, right
superior frontal gyrus, and right precentral gyrus. They also found an association between
unawareness of levodopa-induced dyskinesia and the metabolism of the midcingulate
cortex and paracentral lobule, probably due to dopaminergic medication.

With a task eliciting the activation of the anterior cingulate (GO/NoGO task) in
a task-based functional MRI study, Palermo et al. showed that impaired self-awareness
of dyskinesia was associated with reduced functional recruitment of the cingulo-frontal
(bilateral anterior cingulate cortex and right dorsolateral prefrontal cortex) and cingulo-
opercular (bilateral anterior cingulate cortex and bilateral anterior insula cortex) regions in
a cohort of patients chronically treated with dopaminergic medication [25]. Interestingly,
the anterior cingulate cortex and anterior insula are considered major nodes of the “salience
network” (SN) [31], and the dorsolateral prefrontal cortex is a principal region of the
“frontoparietal network” [32,33].

A study investigating measures of social cognition and functional connectivity in
different neurodegenerative diseases, including PD, showed that functional connectivity
in the supramarginal gyrus, angular gyrus, and frontal pole correlated with performance
in social cognition tasks but did not specifically investigate the association between brain
connectivity regions and measures of unawareness in PD patients [26].

Considering only drug-naïve patients, Yoo et al. [27] showed that PD patients with
unawareness of cognitive deficits had reduced white matter integrity, especially in the genu
of the corpus callosum and anterior limb of the internal capsule, compared to those with
preserved self-awareness.

In a recent study by Buchwitz et al. [28], from a larger cohort of 41 PD patients,
a subgroup of 15 patients was evaluated via resting-state functional MRI to detect the
association between measures of impaired self-awareness of motor symptoms (using the
discrepancy score between self-reporting and a clinician’s judgment blinded to a patient’s
answers, as described in [15]) and functional connectivity: they found that the ISAm total
scores were positively associated with functional connectivity between the left inferior
frontal gyrus and right insular cortex, right frontal operculum, and right frontal orbital
cortex; significant negative correlations were found between ISAm for dyskinesia drug-
induced and functional connectivity between the bilateral inferior frontal gyrus and right
precentral gyrus, cingulate areas, supplementary motor area, and precuneus.

Finally, a study examining FDG-PET and cortical thickness correlates of ISAcog in
PD patients found that ISAcog was associated with reduced metabolism in the bilateral
superior medial frontal gyrus and midline structures, particularly in the anterior and
midcingulate cortex [29].

3.2. Unawareness in Huntington’s Disease

Only two studies have investigated brain correlates of impaired self-awareness in HD.
Justo et al. [22] demonstrated in a cohort of early HD and preclinical carriers that

anosognosia for motor impairment correlated with striatal atrophy. McCusker et al. [30]
found the opposite pattern in a preclinical cohort of “unaware” people, classified by raters
as showing very mild signs of HD. So-called “unaware” individuals had greater striatal
and white matter volumes than “aware” subjects.
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4. Discussion

Impaired self-awareness in PD and HD is still poorly understood, and there are
no homogeneous results in terms of its brain correlates. Only six studies investigated
neuroimaging features of unawareness in PD, and only two did so in HD; therefore, solid
inference about neuropsychological or brain mechanisms cannot be achieved due to a lack
of sufficient data. In addition, the great heterogeneity of studies features prevents adequate
comparison between studies.

The clinical characteristics of the study participants, awareness domain investigated,
measurement of awareness used, and in vivo neuroimaging technique applied are different
across the studies and should be accurately considered prior to summarizing the results.

1. Participants’ clinical characteristics. Regarding PD studies, four studies included
“not-demented” patients [15,25,27,29] and two studies also included PD patients with
dementia [26,28], but the dementia inclusion criteria were not consistent: in one
study, the CDR sum of boxes [34] was used [26], whereas in the other study, a PNDA
assessment [35] was applied [28]. Different cognitive global severity assessments were
considered when measuring cognitive decline: the Clinical Dementia Rating Scale
sum of boxes [34]), Mini-Mental Scale Examination score [36], and MDS criteria [37]
were used across studies. Also, the definition of Mild Cognitive Impairment varied
across studies and was based on the MMSE score [27,28] or Litvan criteria [29,38].
Regarding HD studies, both studies [22,30] included data from not demented HD,
early HD, or preclinical mutation carriers, but motor clinical symptoms differed in
terms of severity and manifestation.

2. Awareness domain and methods of unawareness assessment. For PD studies, motor
unawareness was investigated in three studies [15,25,28], whereas one study focused
on social cognition [26] and two studies on general cognitive unawareness [27,29].
For motor symptoms, awareness for dyskinesia was evaluated in all three studies,
whereas other motor symptoms, such as resting tremor or bradykinesia, were only
considered in two studies [15,28]. In HD studies, only motor awareness was inves-
tigated, in particular chorea. Regarding methods of awareness assessment, various
methods were used to quantify symptom awareness. Techniques used to evaluate
awareness of motor functioning mainly included discrepancy judgment between self-
reported and clinician ratings for both PD [15,25,28] and HD studies [22,30]; the study
investigating social cognition [26] used the informant’s perspective of the subject’s
self-concern, whereas studies of cognitive symptom awareness used self-reported
interviews that were compared to objective cognitive performance [27] or healthy
controls’ performances [29].

3. Neuroimaging techniques. Both functional and structural in vivo neuroimaging
techniques were used. One study investigating motor awareness [15] and one study
investigating cognitive awareness [29] in PD used FDG-PET. MRI, both with functional
(seed-based resting state [26,28] or task-related [25]) and structural (DTI [26,27] or
cortical thickness [27,29]) measures were used in studies investigating both motor and
cognitive awareness in PD patients. Only structural MRI measures were investigated
in HD studies.

Another important point to be considered when comparing studies in this review is
the dopamine-related status at the time of the awareness evaluation. It is well known that
dopaminergic therapies may impact cognitive and neuropsychiatric symptoms [39], as
well neuroimaging functional activity [40]; therefore, the ON or OFF state during evalua-
tion should be considered: the dopaminergic state varied across the studies, potentially
interfering with the results. Thus, we decided to report and compare results across studies
separately for the OFF or drug-naïve state and the ON state.
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4.1. Neural Correlates in PD in OFF State or Drug-Naïve Patients

When considering only PD studies evaluating neural correlates of unawareness in
the absence of significant dopaminergic effect (drug-naïve [27] or OFF state [15,25,29]),
more consistent result emerged. As a matter of fact, impaired self-awareness for motor or
cognitive symptoms was mainly found to be associated with structural and/or functional
alterations in the frontal, anterior insular, and anterior–midcingulate cortex. More pre-
cisely, (i) reduced FDG-PET metabolism in the inferior frontal gyrus [15], superior medial
frontal gyrus, and anterior cingulate cortex [29]; (ii) reduced MRI functional activation
in the anterior cingulate cortex, anterior insular, and dorsolateral prefrontal cortex [25];
and (iii) reduced white matter integrity in genu of corpus callosum and anterior limb
of internal capsule [27] were found to be associated with self-impaired awareness, even
if heterogeneous methods of awareness assessment and neuroimaging techniques were
used. All these regions are known to be involved in executive-monitoring processing; in
particular, the dorsolateral prefrontal cortex is a principal region of the “executive-control
network” [32], while anterior cingulate and anterior insula are major nodes of the “salience
network” [31]. These networks are involved in controlling or coordinating multiple do-
mains of cognitive and executive functioning, which enable the abilities of self-monitoring
and feedback integration and are known to be involved in unawareness and anosognosia
in AD patients [41]. The inferior frontal gyrus is known to be involved in interoception,
social cognition, and emotion [42], which serves as a sensory–cognitive integration area
for the frontoparietal network [32]. When considering motor and cognitive self-impaired
awareness separately (Figure 2, Table 2), the results seem to confirm the involvement
of attentional and saliences regions and the interplay between them. Only two studies
explored cognitive awareness domain in drug-naïve [27] or OFF state [29] patients: Maier
et al. found significant cortical region involvement (bilateral superior medial frontal gyrus,
anterior cingulate cortex, midcingulate cortex, and supplementary motor area) in cognitive
unawareness, whereas the disruption of matter integrity of midline regions in the anterior
corpus callosum and anterior limb of internal capsule was demonstrated in the study of
Yoo et al. [27]. There results seem to converge, highlighting the major contribution of the
regions interconnected within salience network to cognitive awareness, in line with findings
for other neurodegenerative diseases, such as AD [41]. Regarding the motor awareness
domain, alterations in functional or structural measures in inferior frontal gyrus, insular
cortex, anterior cingulate cortex, and dorsolateral prefrontal cortex were found [15,25],
confirming the potential interplay between salience and frontoparietal networks.

Table 2. Cortical brain regions involved in motor and cognitive awareness in PD patients (OFF state
or drug-naïve patients).

Domain Brain Region Direction of Association
with Awareness Measure Study

Motor awareness

Right Inferior frontal gyrus Negative association Maier et al., 2016 [15]

Right insular cortex Negative association Maier et al., 2016 [15];
Palermo et al., 2018 [25]

Bilateral anterior cingulate cortex Negative association Palermo et al., 2018 [25]

Right dorso-lateral prefrontal cortex Negative association Palermo et al., 2018 [25]

Cognitive awareness

Bilateral superior frontal gyrus Negative association Maier et al., 2023 [29]

Anterior cingulate cortex Negative association Maier et al., 2023 [29]

Midcingulate cortex Negative association Maier et al., 2023 [29]

Supplementary motor area Negative association Maier et al., 2023 [29]
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4.2. Neural Correlates in PD in ON State

When considering PD studies evaluating neural correlates of awareness in ON drug
state, thus influenced by dopaminergic activation (Table 3 and Figure 3), studies reported
a positive association between motor unawareness and (i) increased metabolic activation in
the left inferior frontal gyrus, bilateral medial frontal gyrus, right superior frontal gyrus, and
right precentral gyrus for the total score of motor awareness [15], (ii) positive correlation
between dyskinesia induced by dopamine and metabolism in bilateral midcingulate cortex
and paracentral lobule [15], and (iii) increased functional connectivity between the left
inferior frontal gyrus and right insular cortex, frontal operculum, and right fronto-orbital
cortex for global motor symptoms [28]. A negative association was demonstrated between
ISAm-LID scores and functional connectivity between both the inferior frontal gyrus and
right precentral gyrus [28]. The results of Multani et al. were not considered in this section
because no specific PD neuroimaging correlates of awareness measures (RSMS) were
described. Divergent results are probably related to effects of dopamine medication, and
differences must be interpreted with caution. Impaired self-awareness of LID has previously
been related to deficits in executive functioning due to the dopaminergic overstimulation
of mesolimbic circuits [16,17]. Indeed, according to a physiopathological hypothesis,
Vitale and coauthors suggested that dopaminergic overstimulation in PD, while inducing
dyskinesias by acting on basal ganglia, may affect the awareness of involuntary movements
by stimulating mesocorticolimbic pathways [43], and this mechanism may be reflected
in the overactivation of these areas detectable using in vivo neuroimaging techniques.
No studies reported analyses about association between cognitive awareness and brain
correlated in ON dopamine state.
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Table 3. Cortical brain regions involved in motor awareness in PD patients (ON state). For [28],
regions reported are those emerged from MRI connectivity analyses with inferior frontal gyrus as
functional connectivity seed.

Domain Brain Region Direction of Association
with Awareness Measure Study

Motor awareness

Left inferior frontal gyrus Positive association Maier et al., 2016 [15]

Bilateral medial frontal gyrus Positive association Maier et al., 2016 [15]

Left paracentral lobule Positive association Maier et al., 2016 [15]

Right precentral gyrus Positive association Maier et al., 2016 [15]

Right superior frontal gyrus Positive association Maier et al., 2016 [15]

Midcingulate Positive association Maier et al., 2016 [15]

Right insular cortex Positive association Buchwitz et al., 2023 [28]

Right frontal operculum Positive association Buchwitz et al., 2023 [28]

Right fronto-orbital cortex Positive association Buchwitz et al., 2023 [28]

Right precentral gyrus Negative association Buchwitz et al., 2023 [28]
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4.3. Neural Correlates in HD

In HD, associations between awareness of motor impairment and brain measures
emerged as primarily dependent on the severity of the motor disorders. Nevertheless, when
controlling for severity of the motor disorder, striatal atrophy (left and right caudate and
putamen) remained significant [22]. Even if apparently opposite, McCusker et al. [30] found
that the so-called “unaware” individuals had greater striatal and white matter volumes
than an “aware” subgroup. However, the “unaware” group also had better motor function
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(speeded tapping) and fewer functional limitations, suggesting that they were less overtly
affected than the aware group; therefore, striatal atrophy in the aware group could be an
expression of more advanced disease stage, and inferences about awareness association
should be taken cautiously.

4.4. Limitations

Some limitations should be noted. We focused the search only on peer-reviewed
studies within language limits, possibly increasing the risk of publication bias. Furthermore,
considering methodological issues, we are aware that there is considerable heterogeneity
in the awareness assessment tools used in each study, and it is well known that different
measures may lead us to explore different aspects of awareness [7]. As a matter of fact,
awareness is not an all-or-nothing phenomenon; it may be that patients are aware of some
type of impairment but not of others. Whereas measurements based on an examiner’s
ratings usually refer to global and general unawareness (including cognitive, behavioral,
and functional abilities), measurements of discrepancy and performance variably refer to
different specific domains depending on the questionnaire and neuropsychological tests
adopted. All these approaches have significant limitations, and there is no consensus on the
most suitable method to determine anosognosia in dementia. Therefore, different measures
of awareness may translate into different neural correlates and brain region activations.
In addition, not all studies accurately reported the cognitive statuses of their participants,
and only some studies applied common clinical criteria for mild cognitive impairment or
dementia status. Thus, interpreting study findings becomes very challenging when a mixed
population of cognitively normal people, mildly impaired people, and those with dementia
are included.

5. Conclusions

The findings from the literature investigating brain correlates of awareness of cognitive
and motor symptoms in people with PD and HD are mixed, limited, and influenced by
methodological heterogeneity. Nevertheless, a pattern involving regions of salience and
frontoparietal networks seems to emerge from studies of PD patients. Still, little data are
available for HD patients to infer any conclusion. Studies of awareness have mainly focused on
Alzheimer’s Disease (AD) patients, and models of anosognosia have mainly been proposed to
interpret awareness in memory and metacognitive domains [9,13,44–46], suggesting that self-
awareness and anosognosia rely upon different networks that are functionally correlated
and support communication between an “external” source of information and “internal”
personal knowledge. In the AD literature, emerging evidence suggests that awareness may
rely upon an interplay between the salience network, a resting-state network known to
be involved in detecting, processing, and integrating internally and externally generated
salient information [31]; the default mode network, a set of interconnected brain regions
that are suppressed during tasks that demand externalized attention [47]; and the fronto-
parietal network, a network known to be implicated in a wide range of executive functions,
including working memory, performance monitoring, and planning [48,49]. Considering
that, in our review, anterior cingulate cortex, midcingulate cortex, dorsolateral prefrontal
cortex, and insula emerged as key regions implicated in awareness in PD, it is plausible
that the same dysfunctional network dynamics seen in AD patients may also be involved in
anosognosia in PD patients. These network changes should be, therefore, considered mark-
ers of a symptom rather than markers of a specific disease. Future studies of resting-state
functional magnetic resonance imaging are needed to test this hypothesis by investigating
large-scale neurocognitive networks in PD and HD patients. Future studies based on the
integration of multimodal neuroimaging techniques with MRI-based estimates of dopamin-
ergic neurotransmitter systems are also needed to better understand the contribution of
dopaminergic balance to awareness. Finally, given the chronic nature of PD and HD and
the high impact of impaired self-awareness on patients and caregivers, longitudinal studies
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are also needed to accurately establish the neural underpinnings of symptom awareness
along with disease progression.
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