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Introduction: Apathy is a frequent and debilitating condition among
subarachnoid hemorrhage (SAH) survivors. Few studies have evaluated apathy
in SAH, and none have examined the course of the condition, predictors of
persistent apathy, or its impact on functional outcomes. The proposed study
will examine, for the first time, the 12-month course of apathy and its impact on
functional outcomes in the largest cohort of SAH survivors to date.

Methods and analysis: The current study is designed as a prospective cohort study
with a duration of 36months. We will recruit 240 participants. A trained research
assistant will assess apathy using the Apathy Evaluation Scale 3months after SAH.
Patients’ level of functioning, comorbidity, global cognitive functioning, and
depressive symptoms will be assessed. All SAH patients will participate in follow-
up assessments of apathy and functioning at 9 (T2) and 15months (T3) post-SAH
or at 6 and 12months after the first assessment. Predictors of persistent apathy and
the impact of apathy on functional outcomes will be examined.

Discussion: This will be the first large-scale 1-year follow-up study of apathy in
SAH survivors. The findings will provide valuable data to advance our understanding
of the clinical course of apathy in this population. Moreover, the results will have
clinical relevance by providing essential information to patients, caregivers, and
clinicians; promoting the evaluation of apathy; and facilitating the development of
prevention strategies, rehabilitation programs, and therapeutic options.

Ethics and dissemination: Ethical approval for this study was obtained from
the Joint Chinese University of Hong Kong-New Territories East Cluster Clinical
Research Ethics Committee (CREC Ref. No.: 2023.339) on 3 October 2023.
The findings of this study will be shared through publication in a peer-reviewed
journal, presentations at relevant conferences, and dissemination through social
media platforms.

KEYWORDS

apathy, subarachnoid hemorrhage, stroke, Functional Independence Measurement
(FIM), Lawton Instrumental Activities of Daily Living Scale (IADL)

Introduction

Subarachnoid hemorrhage (SAH) is a rare and severe type of stroke. It mainly
affects individuals at a mean age of 55 years, potentially leading to the loss of many years of
productive life. The rupture of an intracranial aneurysm is the underlying cause in 85% of SAH
cases (1).
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Estimates suggest that 55% of patients with SAH survive and
regain independent function, whereas 19% remain dependent and
26% die (1). Many survivors experience long-term deficits in
cognition, quality of life, mood, and fatigue (2). Neuropsychiatric
conditions, such as apathy, depression, fatigue, anxiety, and
posttraumatic stress disorder, are often neglected in these patients (3).

Apathy is broadly defined as a decrease in goal-directed behavior
due to a loss of motivation (4), and is characterized by a general lack
of emotion, interest, or concern (4). Patients with apathy exhibit a loss
of motivation, concern, interest, and emotional responses. This
manifests as decreases in initiative, interaction with the environment,
and interest in socialization (5). Apathy is increasingly recognized as
a syndrome. One set of criteria defines apathy as a loss of or reduction
in motivation relative to the individual’s previous state, marked by
decreased levels in at least 2 of the following three parameters: goal-
directed behavior, cognitive activity, or emotion. Furthermore, the
criteria stipulate that for a diagnosis of apathy, the symptoms must
significantly impair daily functioning and cannot be attributed to
physical or motor disabilities, decreased consciousness, or drug use
(6). Although apathy can be a feature of depression, it is distinguishable
from depressed mood in the context of neurological conditions,
supporting the argument that these entities represent distinct
constructs (7). Apathy in neurological diseases has been hypothesized
to arise from defects in the frontal subcortical circuit, where the
anterior cingulate circuit is specifically associated with motivation (5).

The clinical impact of apathy is becoming increasingly well-
recognized. Apathy significantly contributes to poor outcomes in
neurological populations, independent of depression. Moreover,
apathy is associated with worsening social and functional
impairments, decreased responsiveness to or compliance with
treatment, poor awareness of behavioral and cognitive changes, and
poor clinical outcomes and overall quality of life. Therefore, apathy
imposes significant economic, social, and physical burdens. Patients
with apathy experience greater distress and face earlier and more
frequent institutionalization compared with patients with similar
impairments but without apathy (8). Apathy is a common
phenomenon associated with cerebral diseases, such as Alzheimer’s
disease, Parkinson’s disease, traumatic brain injury, and stroke. Apathy
is often undiagnosed and thus untreated (9), leading to delays in
recovery, decreased social interaction, and increased caregiver burden
(9). Apathy is the most frequent behavioral change observed in
Alzheimer’s disease, affecting 19%-88% of patients (10). In these
patients, apathy can accelerate functional declines, increase mortality
(10), and add to caregiver distress (11). Similarly, apathy is observed
in 25%-60% of patients with Parkinson’s disease (12), particularly
those with cognitive impairments. Apathy is associated with reduced
functioning in the activities of daily living, decreased treatment
responses, poor outcomes, diminished quality of life, and emotional
distress for caregivers (13). Moreover, apathy is a frequent consequence
of head injuries, affecting up to 72% of patients (7). In this context,
apathy is associated with unemployment (14), reduced quality of life,
decreased participation in rehabilitation activities (7), poor
psychosocial functioning (15), and a high caregiver burden (15).
Previously, our group found that the prevalence of apathy in local
stroke survivors was 10.8% (16) and identified an association of apathy
with suicidality and poor quality of life (17, 18). Moreover, apathy has
been reported to result in poor rehabilitation outcomes (19) and
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impaired functional capacity and recovery (20) in stroke survivors.
Thus, apathy is a critical focus during stroke assessment and
rehabilitation (21).

Apathy is a frequent and debilitating condition among SAH
survivors, with a prevalence rate of 0%-68% (3, 22-26). Clinical
factors potentially associated with post-SAH apathy include stroke
severity (25), anterior communicating artery aneurysm (25),
ventricular hematic density (25), decreased mental capacity (22), and
impairments in the evaluation of the theory of mind and emotional
recognition (26). Our group previously reported that in patients with
ischemic stroke, apathy was associated with older age, stroke severity,
physical function, global cognitive function, and depressive symptoms
(16). However, the clinical course of apathy in patients with SAH
remains unclear. We previously reported a chronic course of apathy in
ischemic stroke: among patients with apathy at 3 months post-stroke,
51% and 42% still experienced persistent apathy at 9 and 15 months
post-stroke, respectively (27). The predictors of persistent apathy in
SAH survivors remain unclear, although longitudinal studies in stroke
survivors have suggested that poor cognitive status, more
comorbidities (28), and depressive symptoms (27, 29) predict a high
risk of apathy. In addition, the impact of apathy on the clinical
outcomes of patients with SAH remains to be determined. A previous
study found that stroke patients with apathy scored lower on the
Functional Independence Measurement (FIM) (30) upon discharge
from an acute rehabilitation unit (19, 31). Conversely, a low level of
apathy is associated with more favorable outcomes post-stroke (32),
whereas a high level of apathy adversely affects physical function,
participation, health perception, and physical health during the first
12 months after a stroke (28). A meta-analysis indicated that apathy
negatively affects the global clinical outcomes of younger stroke
survivors and those experiencing their first stroke (21). In addition,
age, the World Federation of Neurosurgical Societies (WENS) grade
upon admission, intraventricular hemorrhage, and delayed cerebral
ischemia have been identified as potential predictors of poor outcomes
in patients with SAH (33-35).

Few high-quality trials have evaluated pharmacological and
psychosocial treatments for apathy. Previous studies on
pharmacological treatments have mainly focused on dopamine
agonists (36) or stimulants, such as methylphenidate (37).
Acetylcholinesterase (38), memantine (39), gingko biloba (11),
agomelatine (40), and nefiracetam (41) may also effectively treat
apathy (42). Nonpharmacological treatments for apathy include
transcranial magnetic stimulation (43) and various occupational
interventions, such as music and art therapy and psychomotor
activities (44). In addition, a study suggested that strategy training
(45), problem-solving therapy, and escitalopram may prevent
apathy (46).

To the best of our knowledge, only 10 studies have specifically
evaluated apathy in SAH (3, 9, 22-26, 47-49). None of these studies
have examined the progression of the condition, predictors of its
persistence, or its impact on functional outcomes. Furthermore, a
major limitation of these studies is their small sample sizes; the
smallest study included only 20 patients (50), and only 2 studies had
more than 100 patients (n=103) (3, 25). In addition, the durations of
apathy assessments varied from <4days (25) to 99 months (50).
Moreover, 2 studies did not use a standardized method for assessing
apathy (22, 23).
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Hypotheses

The proposed study will examine, for the first time, the
12-month course of apathy and its impact on functional outcomes
in the largest cohort of SAH survivors to date. The first hypothesis
is that 42% (51) of patients with apathy at baseline (3 month post-
SAH, T1) will continue to exhibit apathy at 12 months after the first
assessment. The second hypothesis is that poor cognitive status, a
high level of comorbidity, and the presence of depressive symptoms
at baseline (27-29) are predictors of persistent apathy. The third
hypothesis is that patients with apathy have less favorable
functional outcomes compared with their counterparts without
apathy.

Methods and analysis
Participant recruitment

The recruitment details are shown in Figure 1. Participants will
be recruited from patients admitted with a first-ever SAH to the
neurosurgical centers of three regional hospitals: Prince of Wales
Hospital, Kwong Wah Hospital, and Queen Mary Hospital. All
patients with SAH (n =320, approximately 50-60 per center per year)
who are consecutively admitted to these centers over a 24-month
period will be invited to participate. A research assistant (RA) will visit
the neurosurgical wards weekly to identify eligible patients and obtain
written consent. We anticipate that 75% of these patients will meet our
inclusion criteria and agree to participate (52), resulting in
approximately 240 potential participants [320 x (75%)]. Assuming a
dropout rate of 13% (53), we expect that 209 [240x (100% — 13%)]
patients will complete the 15-month follow-up assessment.

Patient and public involvement statement

There will be no patient or public involvement.

Eligibility criteria

Inclusion criteria

We will include participants aged > 18 years with no upper age
limit, of either male or female sex, and of Chinese ethnicity. Eligible
participants must have experienced a spontaneous SAH resulting
from an angiographically confirmed intracranial aneurysm within a
maximum of 96h before admission (3) and have the ability and
willingness to provide informed consent.

Exclusion criteria

Exclusion criteria for this study include a previous history of
stroke, epilepsy, head injury, hydrocephalus, intracranial tumor,
Parkinson’s disease, dementia, aphasia, or other neurological diseases,
with the exception of an unruptured intracranial aneurysm. In
addition, individuals with a history or current diagnosis of bipolar
disorder, schizophrenia, or alcohol/substance abuse/dependence and
those who experience a recurrence of SAH prior to the 3-month
assessment will be excluded from the study.

Frontiers in Neurology

10.3389/fneur.2024.1358102

Data collection

The proposed study is designed as a prospective cohort study.
Written consent will be obtained from all patients or their next of kin.
Demographic, psychosocial, and medical data will be collected from
all patients. The number of and reasons for exclusions will be recorded.
Details of the data collection schedule are provided in Table 1.

Neurological assessment

The neurological grade of patients at admission will be determined
using the Glasgow Outcome Scale (54) and the WENS grade scale. The
WENS scale categorizes patients from fully conscious with no motor
or speech deficit (Grade I) to those with a Glasgow Coma Scale score
of <6 (Grade V). Patients with a WENS Grade I or II and Grade III or
V will be classified as having good and poor grades, respectively.

For diagnostic assessments, all recruited patients will undergo
delayed computed tomography (CT) scans of the brain 2 to 3 weeks
after their initial presentation. Cerebral infarction due to delayed
cerebral ischemia is defined as a new cerebral infarction on CT that
cannot be attributed to any procedural causes (3). Clinical
deterioration due to delayed cerebral ischemia is defined as
presumably associated clinical deterioration that cannot be attributed
to other potential causes (55). Hydrocephalus (acute or chronic) is
characterized by persistent ventricular dilatation requiring the
implantation of an internal shunt, such as a ventriculo-peritoneal
shunt (3).

The severity of SAH on neuroimaging will be evaluated using the
Fisher CT grade, which classifies findings into 4 levels: 1 for no blood
visualized, 2 for diffuse or thin sheets (<1-mm thickness of vertical
layers), 3 for localized clot and/or vertical layers (>1-mm thickness),
and 4 for the presence of intracerebral or intraventricular clots (56).
In addition, details of the size of the ruptured aneurysm, its position
(anterior cerebral artery, internal carotid/middle cerebral artery, and
posterior circulation), the presence of intraventricular or intracerebral
hemorrhage, and the treatment administered for the aneurysm will
be recorded.

Assessment of apathy

Apathy will be defined and quantified in accordance with the
model proposed by Marin (57). An RA will operationally assess apathy
using the Apathy Evaluation Scale (AES) (16, 58, 59), with an AES
score of >37 indicating apathy (16). The study outcome will be the
presence of apathy, categorized as either yes or no.

Three months after the onset of SAH (T1), patients and their
caregivers will be assessed at a research clinic. This timing of the
assessment is consistent with the schedule followed in other studies
on apathy in patients with SAH (9) and stroke (16).

A trained RA will conduct interviews at a research clinic to assess
apathy. The assessment will be based on interviews with the patients
and their responses on the AES. This scale includes 18 items that
evaluate the affective, behavioral, and cognitive domains of apathy by
measuring motivational variables such as productivity, initiative,
effort, emotional responsivity, novelty seeking or curiosity,
perseverance, and social engagement. Responses are scored on a
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FIGURE 1
Details of recruitment.

Recruitment from Prince of Wales Hospital, Kwong Wah Hospital and

Queen Mary Hospital

A4

1.A previous history of stroke, epilepsy, head
injury, hydrocephalus, intracranial tumour,
Parkinson’s disease, dementia or other
neurological disease(s) other than an
unruptured intracranial aneurysm;

2. history or current diagnosis of bipolar
disorder, schizophrenia or alcohol/substance
abuse/dependence;

3. arecurrence of SAH prior to the 3-month

Excluded

v

Baseline assessment (T1; 3 months after ASH)

A 4

Follow-up assessment (T2; 6 or 9 months after ASH)

Follow-up assessment (T3; 12 or 15 months after ASH)

TABLE 1 Data collection schedule.

Study period T1 T2 T3
Visit 1 2 3
Months 3 6/9 12/15
Informed consent X

Demographics, psychosocial and medical data. X

AES, FIM, IADL, BI, mRS, CCI, BDI, MMSE X X X

Bold values of 1, 2, and 3 means times of visit; bold valued of 3, 6/9, and 12/15 means number of months after baseline.
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4-point Likert-type scale, ranging from “not at all true/characteristic”
to “very much true/characteristic,” with higher scores indicating more
severe apathy. The AES has good reliability (58) and validity (60), and
the internal consistency coeflicient, test-retest reliability, and inter-
rater reliability of the Chinese version of this scale are 0.90, 0.90, and
0.86, respectively (59). The AES was originally validated in a cohort
with mixed diagnoses, namely, stroke, dementia, and depression (57),
and has been widely used in various populations (60). To the best of
our knowledge, no disease-specific measure of apathy has been
developed for SAH or stroke. However, the AES has been used to
assess apathy in patients with SAH (9, 24-26), and our group
successfully used this scale to assess apathy in stroke (16).

Assessment of functioning

A trained RA blinded to the patients’” apathy data will assess each
patient’s level of functioning using the FIM (61), Lawton Instrumental
Activities of Daily Living Scale (IADL) (62), Barthel Index (BI) (63),
and modified Rankin Scale (mRS) (64). These measures have been
previously used to measure functional outcomes after SAH (52, 65,
66). The FIM includes 18 items across 6 subscales: self-care,
sphincters, mobility, communication, psychosocial, and cognition.
Each item is rated on a 7-point scale from 1 (patient requires total
assistance) to 7 (patient is completely independent). The overall score
ranges from 18 to 126 points. The FIM is considered valid with good
inter-rater agreement (67). The IADL scale is used to assess
independent living skills, such as using a telephone, shopping,
preparing food, performing housekeeping and laundry,
transportation, managing medication responsibly, and handling
finances. An IADL score of 18 is considered an excellent outcome.
This scale has good content validity and excellent inter-rater reliability
(0.99), test-retest reliability (0.90), and internal consistency (0.86)
(62). The BI is used to measure independence based on 10 tasks,
scored according to the amount of time or assistance required by the
patient. The total BI score ranges from 0 to 20, with lower scores
indicating greater dependency. The BI has favorable construct validity
and predictive validity and moderate inter-and intra-reliability (0.4-
0.6) (68). The mRS was previously used to rank outcomes (e.g., death,
disability, and dependence) after stroke or SAH (53). The total mRS
score ranges from 0 (no symptoms) to 6 (death), with 0 indicating an
excellent outcome. In addition, a caregiver will complete a checklist
on the patients post-SAH changes to assist with scoring, as
recommended in a previous study (69). The construct validity and
inter-rater reliability (0.6) of this checklist are excellent and moderate,
respectively (68).

Other assessments

A trained RA will evaluate the levels of comorbidity, global
cognitive functioning, and depressive symptoms using the Charlson
Comorbidity Index (CCI) (70), Chinese version of the Beck
Depression Inventory (BDI) (71), and Hong Kong version of the
Montreal Cognitive Assessment (MoCA) (72), respectively. The CCI
is the most widely used comorbidity adjustment method. It involves
weighting 19 diseases from 1 to 6 points, and the sum of the weights
is adjusted to produce final scores ranging from 0 to 33. This index has
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good validity and test-retest reliability and moderate-to-good inter-
rater reliability (73). The BDI, consisting of 21 items, is scored on a
4-point Likert scale, with total possible scores ranging from 0 to 63.
Higher scores indicate more severe depressive symptoms; specifically,
scores of 0-9, 10-18, 19-30 and >30 indicate no/minimal, minor/
moderate, moderate/severe, and severe symptoms, respectively. The
BDI has good internal consistency (0.86) (71), retest reliability (0.73-
0.96), and validity (74). The MoCA is a one-page test with a maximum
score of 30. It is used to evaluate seven cognitive domains, namely,
visuospatial/executive functions, naming, verbal memory registration
and learning, attention, abstraction, 5-min delayed verbal memory,
and orientation. This scale has excellent discriminant validity, internal
consistency (0.77), test-retest reliability (0.87), and inter-rater
reliability (0.99) (72, 75). Any physiotherapy or cognitive/
neuropsychological rehabilitation received by the patients will also
be recorded.

All patients will undergo follow-up assessments of apathy and
functioning at 9 (T2) and 15months (T3) post-SAH or at 6 and
12 months after the first assessment. The AES, FIM, IADL, BL, mRS,
MoCA, and BDI will be
follow-up assessments.

re-administered  during the

Sample size estimation

Two hundred and forty patients will be recruited. Based on an
estimated apathy frequency of 42% (7, 26), we expect to identify 101
(240 x42%) cases of apathy. A sample size of 101 and 139 (i.e.,
240-101) patients with and without apathy, respectively, would
provide a power of 80% for the detection of any differences in
functional outcomes between these 2 groups, assuming an effect size
of apathy of >0.4. In a previous study, the effect size of apathy on
functional outcomes in stroke survivors (Cohen’s d) was 2.4 (19).

Assuming a dropout rate of 13% (53), we anticipate that 88
(101 x 87%) patients with apathy will complete the follow-up visits.
Although the rate of persistent apathy after SAH is unknown, previous
studies on general stroke patients have reported persistent apathy rates
ranging from 42 to 51% (27). Accordingly, our sample size is expected
to achieve a power of 80% for the identification of predictors of
persistent apathy with an odds ratio of >2.0. This is below the odds
ratio of 3.3 that we previously reported for the impact of depressive
symptoms on the 1-year course of apathy in stroke survivors (27).
We will assume that the R* value of the other variables in the
multivariate logistic regression (76) will be 0.21 (51).

Statistical analyses

All variables will be tested for normality using the Kolmogorov—
Smirnov test, with a significance threshold of p<0.05. The number
and percentage of patients with persistent apathy will be calculated.
To identify the predictors of persistent apathy, the baseline MoCA,
BD], and CCI scores as well as other demographic, clinical, and CT
scan  characteristics and  physiotherapy or  cognitive/
neuropsychological rehabilitation received will be compared between
patients with and without apathy at T2 using the y2 test, Student’s t
test, or Mann-Whitney U test as appropriate. A stepwise logistic

regression will then be performed to assess the importance of the
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baseline MoCA, BDI and CCI scores, together with other significant
variables identified in the univariate analyses. The same analyses will
be repeated using data obtained at T3. We will also test a series of
generalized estimating equation models to evaluate the associations
of the baseline demographic, clinical, and CT scan characteristics with
the risk of apathy across all follow-up assessments (T1/T2/T3). First,
we will generate a univariate model to fit a logistic regression. Next,
we will examine associations between demographic variables and the
risk of apathy. The second model will include CT scan characteristics,
whereas the final model will include the baseline MoCA, BDI, and
CCI scores. The level of significance will be set at 0.05. We will
perform two sub-analyses. First, the analysis will be repeated by
substituting the MoCA total score with the executive functioning
index score of the MoCA (77). Second, the analysis will be repeated
for three subdomains (i.e., cognitive, affective, and behavioral) of the
AES (78).

To examine the impact of apathy on functional outcomes, the
FIM, IADL, BI, and mRS scores of the groups with and without apathy
at T1 will be compared using a Student’s t test. The aforementioned
outcome scores will then be adjusted for other putative outcome
predictors (age, WENS grade upon admission, intraventricular
hemorrhage, and delayed cerebral ischemia) using analysis of
covariance. Correlation of the functional outcome scores with the
presence of apathy and other putative predictors will be computed
using Pearson’s or Spearman’s correlation coefficients, as appropriate.
Finally, the presence of apathy and significant predictors identified in
the univariate analysis will be entered into a regression analysis of the
functional outcome scores. This analysis will be repeated for
T2 and T3.

Ethics and dissemination

This study will prioritize ethical considerations by seeking
informed consent from all participants and ensuring their privacy
and confidentiality. Participant safety will be closely monitored
throughout the study, and measures will be implemented to
minimize any potential risks. The study has been approved by the
relevant institutional review board or ethics committee and
adheres to established guidelines and regulations governing
human research.

The study findings will be shared through peer-reviewed journal
publications, national and international conferences, and social media
platforms. This multi-faceted approach will maximize the impact of
the research by reaching the scientific community, relevant
stakeholders, and the wider public. These dissemination efforts will
provide valuable information for informed decision-making, promote
apathy evaluation, and facilitate the development of prevention
strategies, rehabilitation programs, and therapeutic options.

Risks and contingency plans

The main risks of study are the slow recruitment of patients and
loss to follow-up. The corresponding mitigation plans include inviting
more regional hospitals to join the study and conducting home visits
to perform follow-up assessments for those who are unable or
unwilling to visit the research clinics.
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Discussion

We will attempt to recruit a homologous patient population by
narrowing the ethnicity and duration of SAH criteria. Patients with
other potential causes of apathy, including psychiatric disorders,
alcohol/substance abuse, and neurological disorders, will be excluded.
Various predictors of the risk of apathy will be included, such as
measures of mood and cognitive function. A conservative estimate of
effect size will be used to ensure the inclusion of an adequate sample size.

This will be the first large-scale 1-year follow-up study of apathy
in SAH survivors. The findings of this study will provide valuable data
to advance our understanding of the clinical course of apathy in this
population. The findings will have clinical relevance by providing
essential information to patients, caregivers, and clinicians; promoting
the evaluation of apathy; and facilitating the development of
prevention strategies, rehabilitation programs, and therapeutic options.
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Author contributions

WT: Conceptualization, Data curation, Formal analysis,
Methodology, Writing — original draft, Writing — review & editing.
KW: Conceptualization, Data curation, Formal analysis, Methodology,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1358102
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Tang and Wong

References

1. Macdonald R, Schweizer T. Spontaneous subarachnoid haemorrhage. Lancet.
(2017) 389:655-66. doi: 10.1016/S0140-6736(16)30668-7

2. Al-Khindi T, Macdonald R, Schweizer T. Cognitive and functional outcome after
aneurysmal subarachnoid hemorrhage. Stroke. (2010) 41:e519-36. doi: 10.1161/
STROKEAHA.110.581975

3. Wong G, Lam S, Chan S, Lai M, Tse PP, Mok V, et al. Neuropsychiatric disturbance
after aneurysmal subarachnoid hemorrhage. J Clin Neurosci. (2014) 21:1695-8. doi:
10.1016/j.jocn.2014.02.018

4. Marin R. Differential diagnosis and classification of apathy. Am J Psychiatry. (1990)
147:22-30. doi: 10.1176/ajp.147.1.22

5. van Dalen J, van Charante E, Nederkoorn P, van Gool W, Richard E. Poststroke
apathy. Stroke. (2013) 44:851-60. doi: 10.1161/STROKEAHA.112.674614

6. Husain M, Roiser ]. Neuroscience of apathy and anhedonia: a transdiagnostic
approach. Nat Rev Neurosci. (2018) 19:470-84. doi: 10.1038/5s41583-018-0029-9

7. Starkstein S, Pahissa J. Apathy following traumatic brain injury. Psychiatr Clin N
Am. (2014) 37:103-12. doi: 10.1016/j.psc.2013.10.002

8. Chong T, Husain M. The role of dopamine in the pathophysiology and treatment
of apathy. Motivat Theory Neurobiol Appl. (2016) 229:389-426. doi: 10.1016/bs.
pbr.2016.05.007

9. Sagen U, Faerden A, Haug T, Melle I, Finset A, Dammen T. Are there common core
features of apathy in different neuropsychiatric samples as assessed by the apathy
evaluation scale? Nord ] Psychiatry. (2010) 64:49-57. doi: 10.3109/08039480903274415

10. Nobis L, Husain M. Apathy in Alzheimer's disease. Curr Opin Behav Sci. (2018)
22:7-13. doi: 10.1016/j.cobeha.2017.12.007

11. Theleritis C, Siarkos K, Katirtzoglou E, Politis A. Pharmacological and
nonpharmacological treatment for apathy in Alzheimer disease: a systematic review
across modalities. J Geriatr Psychiatry Neurol. (2017) 30:26-49. doi: 10.1177/
0891988716678684

12. Pagonabarraga J, Kulisevsky J. Apathy in Parkinson's disease. Int Rev Neurobiol.
(2017) 133:657-78. doi: 10.1016/bs.irn.2017.05.025

13. Pagonabarraga J, Kulisevsky J, Strafella A, Krack P. Apathy in Parkinson's disease:
clinical features, neural substrates, diagnosis, and treatment. Lancet Neurol. (2015)
14:518-31. doi: 10.1016/S1474-4422(15)00019-8

14. Funayama M, Nakagawa Y, Nakajima A, Kawashima H, Matsukawa I, Takata T,
et al. Apathy level, disinhibition, and psychiatric conditions are related to the
employment status of people with traumatic brain injury. Am J Occup Ther. (2022)
76:7602205060. doi: 10.5014/aj0t.2022.047456

15. Jabbarinejad R, Cohen-Zimerman S, Wagner AK, Grafman J. Determinants of
caregiver burden in male patients with epilepsy following penetrating traumatic brain
injury. Epilepsy Behav. (2021) 116:107768. doi: 10.1016/j.yebeh.2021.107768

16. Tang W, Chen Y, Liang H, Chu W, Mok V, Ungvari G, et al. Location of infarcts
and apathy in ischemic stroke. Cerebrovasc Dis. (2013) 35:566-71. doi: 10.1159/
000351152

17. Tang W, Lau C, Mok V, Ungvari G, Wong K. Apathy and health-related quality of
life in stroke. Arch Phys Med Rehabil. (2014) 95:857-61. doi: 10.1016/j.apmr.2013.10.012

18. Tang W, Caeiro L, Lau C, Liang H, Mok V, Ungvari G, et al. Apathy and suicide-
related ideation 3 months after stroke: a cross-sectional study. BMC Neurol. (2015) 15:60.
doi: 10.1186/s12883-015-0323-3

19. Harris A, Elder J, Schiff N, Victor J, Goldfine A. Post-stroke apathy and
hypersomnia lead to worse outcomes from acute rehabilitation. Transl Stroke Res. (2014)
5:292-300. doi: 10.1007/s12975-013-0293-y

20. Mikami K, Jorge R, Moser D, Jang M, Robinson R. Incident apathy during the first
year after stroke and its effect on physical and cognitive recovery. Am ] Geriatr
Psychiatry. (2013) 21:848-54. doi: 10.1016/j.jagp.2013.03.012

21. Caeiro L, Ferro JM, Costa J. Apathy secondary to stroke: a systematic review and
meta-analysis. Cerebrovasc Dis. (2013) 35:23-39. doi: 10.1159/000346076

22. Hiitter B, Gilsbach J, Kreitschmann I. Quality of life and cognitive deficits
after subarachnoid haemorrhage. Br ] Neurosurg. (1995) 9:465-76. doi: 10.1080/
02688699550041106

23. Hiitter B. Psychologic adjustment in patients after subarachnoid hemorrhage.
Neuropsychiatry Neurophsychol Behav Neurol. (1998) 11:22-30.

24. Haug T, Sorteberg A, Sorteberg W, Lindegaard K, Lundar T, Finset A. Cognitive
functioning and health related quality of life after rupture of an aneurysm on the anterior
communicating artery versus middle cerebral artery. Br ] Neurosurg. (2009) 23:507-15.
doi: 10.1080/02688690902785701

25. Caeiro L, Santos C, Ferro ], Figueira M. Neuropsychiatric disturbances in acute
subarachnoid haemorrhage. Eur | Neurol. (2011) 18:857-64. doi: 10.1111/j.1468-
1331.2010.03271.x

26. Buunk A, Spikman J, Veenstra W, van Laar P, Metzemaekers ], van Dijk J, et al.
Social cognition impairments after aneurysmal subarachnoid haemorrhage: associations

Frontiers in Neurology

10.3389/fneur.2024.1358102

with deficits in interpersonal behaviour, apathy, and impaired self-awareness.
Neuropsychologia. (2017) 103:131-9. doi: 10.1016/j.neuropsychologia.2017.07.015

27. Tang WK, Wong LK, Mok VC, Chu WC, Wang DF. Apathy after stroke: potential
risk factors and magnetic resonance imaging markers. Hong Kong Med J. (2018)
24:18-20.

28. Mayo N, Fellows L, Scott S, Cameron J, Wood-Dauphinee S. A longitudinal view
of apathy and its impact after stroke. Stroke. (2009) 40:3299-307. doi: 10.1161/
STROKEAHA.109.554410

29. Brodaty H, Liu Z, Withall A, Sachdev P. The longitudinal course of post-stroke
apathy over five years. ] Neuropsychiatry Clin Neurosci. (2013) 25:283-91. doi: 10.1176/
appi.neuropsych.12040080

30. Linacre JM, Heinemann AW, Wright BD, Granger CV, Hamilton BB. The structure
and stability of the functional Independence measure. Arch Phys Med Rehabil. (1994)
75:127-32. doi: 10.1016/0003-9993(94)90384-0

31.Hama S, Yamashita H, Shigenobu M, Watanabe A, Hiramoto K, Kurisu K, et al.
Depression or apathy and functional recovery after stroke. Int J Geriatr Psychiatry.
(2007) 22:1046-51. doi: 10.1002/gps.1866

32. Withall A, Brodaty H, Altendorf A, Sachdev P. Who does well after a stroke? The
Sydney stroke study. Aging Ment Health. (2009) 13:693-8. doi:
10.1080/13607860902845525

33. Hanel RA, Xavier AR, Mohammad Y, Kirmani JF, Yahia AM, Qureshi Al. Outcome
following intracerebral hemorrhage and subarachnoid hemorrhage. Neurol Res. (2002)
24:58-562. doi: 10.1179/016164102101200041

34. Hammer A, Steiner A, Ranaie G, Yakubov E, Erbguth F, Hammer C, et al. Impact
of comorbidities and smoking on the outcome in aneurysmal subarachnoid hemorrhage.
Sci Rep. (2018) 8:12335. doi: 10.1038/s41598-018-30878-9

35. Zanaty M, Nakagawa D, Starke R, Leira E, Samaniego E, Guerrero W, et al.
Intraventricular extension of an aneurysmal subarachnoid hemorrhage is an
independent predictor of a worse functional outcome. Clin Neurol Neurosurg. (2018)
170:67-72. doi: 10.1016/j.clineuro.2018.04.032

36. Thobois S, Lhommée E, Klinger H, Ardouin C, Schmitt E, Bichon A, et al.
Parkinsonian apathy responds to dopaminergic stimulation of D2/D3 receptors with
piribedil. Brain. (2013) 136:1568-77. doi: 10.1093/brain/awt067

37. Padala P, Padala K, Lensing S, Ramirez D, Monga V, Bopp M, et al. Methylphenidate
for apathy in community-dwelling older veterans with mild Alzheimer’s disease: a
double-blind, randomized, placebo-controlled trial. Am J Psychiatry. (2018) 175:159-68.
doi: 10.1176/appi.ajp.2017.17030316

38. Rea R, Carotenuto A, Traini E, Fasanaro A, Manzo V, Amenta F. Apathy treatment
in Alzheimer’s disease: interim results of the ASCOMALVA trial. ] Alzheimers Dis.
(2015) 48:377-83. doi: 10.3233/JAD-141983

39. Sepehry A, Sarai M, Hsiung G. Pharmacological therapy for apathy in Alzheimer’s
disease: a systematic review and meta-analysis. Can J Neurol Sci. (2017) 44:267-75. doi:
10.1017/¢jn.2016.426

40. Harrison E, Aerts L, Brodaty H. Apathy in dementia: systematic review of recent
evidence on pharmacological treatments. Curr Psychiatry Rep. (2016) 18:103. doi:
10.1007/s11920-016-0737-7

41. Starkstein SE, Brockman S, Hatch KK, Bruce DG, Almeida OP, Davis WA, et al. A
randomized, placebo-controlled, double-blind efficacy study of nefiracetam to treat
poststroke apathy. J Stroke Cerebrovasc Dis. (2016) 25:1119-27. doi: 10.1016/j.
jstrokecerebrovasdis.2016.01.032

42. Warriner EM, Velikonja D. Psychiatric disturbances after traumatic brain injury:
neurobehavioral and personality changes. Curr Psychiatry Rep. (2006) 8:73-80. doi:
10.1007/s11920-006-0083-2

43. Sasaki N, Hara T, Yamada N, Niimi M, Kakuda W, Abo M. The efficacy of high-
frequency repetitive transcranial magnetic stimulation for improving apathy in chronic
stroke patients. Eur Neurol. (2017) 78:28-32. doi: 10.1159/000477440

44. Ferrero-Arias J, Goni-Imizcoz M, Gonzalez-Bernal J, Lara-Ortega E da Silva-
Gonzilez A, Diez-Lopez M. The efficacy of nonpharmacological treatment for dementia-
related apathy. Alzheimer Dis Assoc Disord. (2011) 25:213-9. doi: 10.1097/
WAD.0b013e3182087dbc

45. Skidmore E, Whyte E, Butters M, Terhorst L, Reynolds C. Strategy training during
inpatient rehabilitation may prevent apathy symptoms after acute stroke. PM R. (2015)
7:562-70. doi: 10.1016/j.pmrj.2014.12.010

46. Mikami K, Jorge R, Moser D, Arndt S, Jang M, Solodkin A, et al. Prevention of
poststroke apathy using escitalopram or problem-solving therapy. Am ] Geriatr
Psychiatry. (2013) 21:855-62. doi: 10.1016/j.jagp.2012.07.003

47.Du Cros JT, Lhermitte F. Neuropsychological analysis of ruptured saccular
aneurysms of the anterior communicating artery after radical therapy (32 cases). Surg
Neurol. (1984) 22:353-9. doi: 10.1016/0090-3019(84)90139-3

48. Gilard V, Ferracci F-X, Langlois O, Derrey S, Proust F, Curey S. Effects of melatonin
in the treatment of asthenia in aneurysmal subarachnoid hemorrhage. Neurochirurgie.
(2016) 62:295-9. doi: 10.1016/j.neuchi.2016.06.010

frontiersin.org


https://doi.org/10.3389/fneur.2024.1358102
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(16)30668-7
https://doi.org/10.1161/STROKEAHA.110.581975
https://doi.org/10.1161/STROKEAHA.110.581975
https://doi.org/10.1016/j.jocn.2014.02.018
https://doi.org/10.1176/ajp.147.1.22
https://doi.org/10.1161/STROKEAHA.112.674614
https://doi.org/10.1038/s41583-018-0029-9
https://doi.org/10.1016/j.psc.2013.10.002
https://doi.org/10.1016/bs.pbr.2016.05.007
https://doi.org/10.1016/bs.pbr.2016.05.007
https://doi.org/10.3109/08039480903274415
https://doi.org/10.1016/j.cobeha.2017.12.007
https://doi.org/10.1177/0891988716678684
https://doi.org/10.1177/0891988716678684
https://doi.org/10.1016/bs.irn.2017.05.025
https://doi.org/10.1016/S1474-4422(15)00019-8
https://doi.org/10.5014/ajot.2022.047456
https://doi.org/10.1016/j.yebeh.2021.107768
https://doi.org/10.1159/000351152
https://doi.org/10.1159/000351152
https://doi.org/10.1016/j.apmr.2013.10.012
https://doi.org/10.1186/s12883-015-0323-3
https://doi.org/10.1007/s12975-013-0293-y
https://doi.org/10.1016/j.jagp.2013.03.012
https://doi.org/10.1159/000346076
https://doi.org/10.1080/02688699550041106
https://doi.org/10.1080/02688699550041106
https://doi.org/10.1080/02688690902785701
https://doi.org/10.1111/j.1468-1331.2010.03271.x
https://doi.org/10.1111/j.1468-1331.2010.03271.x
https://doi.org/10.1016/j.neuropsychologia.2017.07.015
https://doi.org/10.1161/STROKEAHA.109.554410
https://doi.org/10.1161/STROKEAHA.109.554410
https://doi.org/10.1176/appi.neuropsych.12040080
https://doi.org/10.1176/appi.neuropsych.12040080
https://doi.org/10.1016/0003-9993(94)90384-0
https://doi.org/10.1002/gps.1866
https://doi.org/10.1080/13607860902845525
https://doi.org/10.1179/016164102101200041
https://doi.org/10.1038/s41598-018-30878-9
https://doi.org/10.1016/j.clineuro.2018.04.032
https://doi.org/10.1093/brain/awt067
https://doi.org/10.1176/appi.ajp.2017.17030316
https://doi.org/10.3233/JAD-141983
https://doi.org/10.1017/cjn.2016.426
https://doi.org/10.1007/s11920-016-0737-7
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.032
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.01.032
https://doi.org/10.1007/s11920-006-0083-2
https://doi.org/10.1159/000477440
https://doi.org/10.1097/WAD.0b013e3182087dbc
https://doi.org/10.1097/WAD.0b013e3182087dbc
https://doi.org/10.1016/j.pmrj.2014.12.010
https://doi.org/10.1016/j.jagp.2012.07.003
https://doi.org/10.1016/0090-3019(84)90139-3
https://doi.org/10.1016/j.neuchi.2016.06.010

Tang and Wong

49. Manohar SG, Husain M. Human ventromedial prefrontal lesions alter
incentivisation by reward. Cortex. (2016) 76:104-20. doi: 10.1016/j.cortex.2016.01.005

50. Salmond CH, DeVito EE, Clark L, Menon DK, Chatfield DA, Pickard JD, et al.
Impulsivity, reward sensitivity, and decision-making in subarachnoid hemorrhage
survivors. ] Int Neuropsychol Soc. (2006) 12:697-706. doi: 10.1017/S135561770606084X

51. Tang W, Chen Y, Liang H, Chu W, Mok V, Ungvari G, et al. Cerebral microbleeds
as a predictor of 1-year outcome of poststroke depression. Stroke. (2014) 45:77-81. doi:
10.1161/STROKEAHA.113.002686

52. Wong G, Nung R, Sitt J, Mok V, Wong A, Ho E et al. Location, infarct load, and
3-month outcomes of delayed cerebral infarction after aneurysmal subarachnoid
hemorrhage. Stroke. (2015) 46:3099-104. doi: 10.1161/STROKEAHA.115.010844

53. Wong G, Lam S, Wong A, Lai M, Siu D, Poon W, et al. MoCA-assessed cognitive
function and excellent outcome after aneurysmal subarachnoid hemorrhage at 1 year.
Eur ] Neurol. (2014) 21:725-30. doi: 10.1111/ene.12363

54. Teasdale G, Jennett B. Assessment of coma and impaired consciousness. Lancet.
(1974) 2:81-4. doi: 10.1016/S0140-6736(74)91639-0

55. Wong G, Lam S, Wong A, Mok V, Siu D, Ngai K, et al. Early MoCA-assessed cognitive
impairment after aneurysmal subarachnoid hemorrhage and relationship to 1-year
functional outcome. Transl Stroke Res. (2014) 5:286-91. doi: 10.1007/s12975-013-0284-z

56. Fisher C, Kistler J, Davis J. Relation of cerebral vasospasm to subarachnoid
hemorrhage visualized by computerized tomographic scanning. Neurosurgery. (1980)
6:1-9. doi: 10.1227/00006123-198001000-00001

57. Marin R. Apathy: a neuropsychiatric syndrome. ] Neuropsychiatry Clin Neurosci.
(1991) 3:243-54. doi: 10.1176/jnp.3.3.243

58. Marin RS, Biedrzycki RC, Firinciogullari S. Reliability and validity of the apathy
evaluation scale. Psychiatry Res. (1991) 38:143-62. doi: 10.1016/0165-1781(91)90040-V

59. Lee S, Wen M, Chao C, Chen Y, Yen C. Apathy in late-life depression among Taiwanese
patients. Int Psychogeriatr. (2007) 20:328-37. doi: 10.1017/S1041610207005698

60. Clarke D, Ko J, Kuhl E, van Reekum R, Salvador R, Marin R. Are the available
apathy measures reliable and valid? A review of the psychometric evidence. ] Psychosom
Res. (2011) 70:73-97. doi: 10.1016/j.jpsychores.2010.01.012

61. Tse YE. Validity of functional independence measure (Hong Kong version)
[dissertation]. Hong Kong (China): The Hong Kong Polytechnic University; (1999).
Available at: https://theses.lib.polyu.edu.hk/handle/200/2424

62. Tong AYC, Man DWK. The validation of the Hong Kong Chinese version of the
Lawton instrumental activities of daily living scale for institutionalized elderly persons.
Occup Ther Int. (2004) 11:262-71. doi: 10.1177/153944920202200402

63. Mahoney FI, Barthel DW. Functional evaluation: the Barthel index. Maryland State
Med J. (1965) 14:61-5.

64. Banks J, Marotta C. Outcomes validity and reliability of the modified Rankin scale:
implications for stroke clinical trials. Stroke. (2007) 38:1091-6. doi: 10.1161/01.
STR.0000258355.23810.c6

Frontiers in Neurology

08

10.3389/fneur.2024.1358102

65. Diaz R, Wong J. Clinical outcomes after endovascular coiling in high-grade
aneurysmal hemorrhage. Can ] Neurol Sci. (2011) 38:30-5. doi: 10.1017/
S0317167100120761

66.Stabel H, Pedersen A, Johnsen S, Nielsen J. Functional independence: a
comparison of the changes during neurorehabilitation between patients with
nontraumatic subarachnoid hemorrhage and patients with intracerebral hemorrhage
or acute ischemic stroke. Arch Phys Med Rehabil. (2017) 98:759-65. doi: 10.1016/j.
apmr.2016.11.010

67. Shukla D, Devi B, Agrawal A. Outcome measures for traumatic brain injury. Clin
Neurol Neurosurg. (2011) 113:435-41. doi: 10.1016/j.clineuro.2011.02.013

68. Taylor—Rowan M, Wilson A, Dawson J, Quinn T. Functional assessment for acute
stroke trials: properties, analysis, and application. Front Neurol. (2018) 9:191. doi:
10.3389/fneur.2018.00191

69. Fleming J, Strong J, Ashton R. Self-awareness of deficits in adults with traumatic
brain injury: how best to measure? Brain Inj. (1996) 10:1-15. doi: 10.1080/
026990596124674

70. Charlson M, Pompei P, Ales K, MacKenzie C. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)90171-8

71. Shek DT. Reliability and factorial structure of the Chinese version of the Beck
depression inventory. ] Clin Psychol. (1990) 46:35-43. doi: 10.1002/1097-
4679(199001)46:1<35::AID-JCLP2270460106>3.0.CO;2-W

72.Yeung P, Wong L, Chan C, Leung J, Yung C. A validation study of the Hong Kong
version of Montreal cognitive assessment (HK-MoCA) in Chinese older adults in Hong
Kong. Hong Kong Med J. (2014) 20:504-10. doi: 10.12809/hkm;j144219

73. de Groot V, Beckerman H, Lankhorst G, Bouter L. How to measure comorbidity:
a critical review of available methods. J Clin Epidemiol. (2003) 57:323. doi: 10.1016/j.
jclinepi.2003.09.002

74. Wang Y, Gorenstein C. Psychometric properties of the Beck depression inventory-
II: a comprehensive review. Rev Bras Psiquiatr. (2013) 35:416-31. doi: 10.1590/1516-
4446-2012-1048

75. Wong A, Xiong Y, Kwan P, Chan A, Lam W, Wang K, et al. The validity, reliability
and clinical utility of the Hong Kong Montreal cognitive assessment (HK-MoCA) in
patients with cerebral small vessel disease. Dement Geriatr Cogn Disord. (2009) 28:81-7.
doi: 10.1159/000232589

76. Cohen SS. Practical statistics. London: E. Arnold (1988).

77.Kim H, Yu KH, Lee BC, Kim BC, Kang Y. Validity of the Montreal Cognitive
Assessment (MoCA) Index Scores: a Comparison with the Cognitive Domain Scores of
the Seoul Neuropsychological Screening Battery (SNSB). Dement Neurocogn Disord.
(2021) 20:28-37. doi: 10.12779/dnd.2021.20.3.28

78.Raimo S, Gaita M, Costanzo A, Spitaleri D, Santangelo G. Distinct
Neuropsychological Correlates of Apathy Sub-Domains in Multiple Sclerosis. Brain Sci.
(2023) 13:385. doi: 10.3390/brainscil3030385

frontiersin.org


https://doi.org/10.3389/fneur.2024.1358102
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.cortex.2016.01.005
https://doi.org/10.1017/S135561770606084X
https://doi.org/10.1161/STROKEAHA.113.002686
https://doi.org/10.1161/STROKEAHA.115.010844
https://doi.org/10.1111/ene.12363
https://doi.org/10.1016/S0140-6736(74)91639-0
https://doi.org/10.1007/s12975-013-0284-z
https://doi.org/10.1227/00006123-198001000-00001
https://doi.org/10.1176/jnp.3.3.243
https://doi.org/10.1016/0165-1781(91)90040-V
https://doi.org/10.1017/S1041610207005698
https://doi.org/10.1016/j.jpsychores.2010.01.012
https://theses.lib.polyu.edu.hk/handle/200/2424
https://doi.org/10.1177/153944920202200402
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1017/S0317167100120761
https://doi.org/10.1017/S0317167100120761
https://doi.org/10.1016/j.apmr.2016.11.010
https://doi.org/10.1016/j.apmr.2016.11.010
https://doi.org/10.1016/j.clineuro.2011.02.013
https://doi.org/10.3389/fneur.2018.00191
https://doi.org/10.1080/026990596124674
https://doi.org/10.1080/026990596124674
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1002/1097-4679(199001)46:1<35::AID-JCLP2270460106>3.0.CO;2-W
https://doi.org/10.1002/1097-4679(199001)46:1<35::AID-JCLP2270460106>3.0.CO;2-W
https://doi.org/10.12809/hkmj144219
https://doi.org/10.1016/j.jclinepi.2003.09.002
https://doi.org/10.1016/j.jclinepi.2003.09.002
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.1159/000232589
https://doi.org/10.12779/dnd.2021.20.3.28
https://doi.org/10.3390/brainsci13030385

	Apathy in subarachnoid hemorrhage: study protocol for a 1-year follow-up study
	Introduction
	Hypotheses

	Methods and analysis
	Participant recruitment
	Patient and public involvement statement
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria
	Data collection
	Neurological assessment
	Assessment of apathy
	Assessment of functioning
	Other assessments
	Sample size estimation
	Statistical analyses

	Ethics and dissemination
	Risks and contingency plans
	Discussion
	Ethics statement
	Author contributions

	References

