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Abstract

In order to address the oft-cited societal, economic, and health
and social care impacts of neurodegenerative diseases, such as
Alzheimer’s disease, we must move decisively from reactive to
proactive clinical practice and to embed evidence-based brain
health education throughout society. Most disease processes
can be at least partially prevented, slowed, or reversed.
We have long neglected to intervene in neurodegenerative
disease processes, largely due to a misconception that their
predominant symptom — cognitive decline — is a normal, age-
related process, but also due to a lack of multi-disciplinary
collaboration. We now understand that there are modifiable
risk factors for neurodegenerative diseases, that successful
management of common comorbidities (such as diabetes and
hypertension) can reduce the incidence of neurodegenerative
disease, and that disease processes begin (and, crucially, can
be detected, reduced, and delayed, prevented, or treated)
decades earlier in life than had previously been appreciated.
Brain Health Scotland, established by Scottish Government
and working in partnership with Alzheimer Scotland, propose
far-reaching public health and clinical practice approaches to
reduce neurodegenerative disease incidence. Focusing here
on Brain Health Scotland’s clinical offerings, we present the
Scottish Model for Brain Health Services. To our knowledge,
the Scottish Model for Brain Health, built on foundations of
personalised risk profiling, targeted risk reduction and
prevention, early disease detection, equity of access, and
harnessing comprehensive data to assist in clinical decision-
making, marks the first example of a nationwide approach to
overhauling clinical, societal, and political approaches to the
prevention, assessment, and treatment of neurodegenerative
disease.
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Introduction

he clinical, societal, and economic impact of
I neurodegenerative disease is vast and continues
to grow. There are currently estimated to
be over 50 million people worldwide living with
Alzheimer’s disease (AD), the most common form
of neurodegenerative disease giving rise to a clinical
dementia syndrome, with the number of people living
with AD predicted to double every twenty years (1).
While current treatment options lack efficacy in reducing
cognitive and functional decline associated with later-
stage neurodegenerative disease (likely compounded by
diagnosis often not occurring until late-stage disease),
prevention and intervention are our best options to
mitigate the negative impact of the anticipated rise in
neurodegenerative disease prevalence. Age is the greatest
risk factor for neurodegenerative disease and clinical
dementia syndromes. Where life expectancy grows, so,
too, does the urgency to prevent neurodegenerative
disease and comorbidities, and to take decisive action to
improve brain health at the earliest opportunity, from the
population to the individual.

The growing consensus of the need to begin detection,
prevention, and intervention earlier in the disease
process arose from an accumulation of evidence from
three areas: [1] modifiable risk factors for cognitive
and functional decline across the life-course (2, 3), [2]
evidence that pathophysiological processes underlying
neurodegenerative disease begin many years before the
emergence of a clinical dementia syndrome (4), and [3]
from the recognised need for further development of
and preparation for disease-modifying therapies and
multimodal interventions for use earlier in the disease
process than is currently common practice (5, 6). A recent
review in the Journal of Prevention of Alzheimer’s
Disease outlines thorough, practical recommendations
for early detection of AD in modern clinical practice
(7), providing tangible examples of how the presently
proposed Scottish Brain Health Service Model may
be implemented at the individual level. Further, a
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Table 1. Examples of large-scale observational cohort studies for neurodegenerative diseases

Study summary

DIAN
Cognitive testing, brain imaging, CSF and blood testing.

AIBL

tion.

PREVENT

EPAD

brain imaging, CSF, cognitive and clinical testing.

Dominantly Inherited Alzheimer’s Disease Network, international research partnership.

Australian Imaging, Biomarker and Lifestyle study of ageing. Assessment of biomarkers,
clinical and lifestyle determinants of subsequent AD in 60+ year old Australian popula-

Healthy volunteers recruited in middle age (40 to 59 years), identifying biological and
psychological risk factors for later-life dementia in UK and Ireland population.

European Prevention of Alzheimer’s Dementia. Interdisciplinary research programme
recruiting subjects at elevated risk for AD (derived from parent cohorts). Multimodal

Reference

Bateman et al. (2012, 2017) (14, 15)

Ellis et al. (2009) (16)

C.W. Ritchie & Ritchie (2012) (17)

C.W. Ritchie et al. (2016) (18)

Note. CSF: cerebrospinal fluid; AD: Alzheimer’s disease.

recent ‘A User Manual for Brain Health Services’
series (Alzheimer’s Research & Therapy, 2021, vol. 13)
evidences the growing consensus of the need to move to
preventative, proactive clinical practice, complementing
currently existing services available to those in later-
stages of neurodegenerative disease (8).

Risk profiling, reduction of modifiable risk factors,
and early detection and intervention are standard clinical
practice in the management of other diseases, including
highly related diseases such as cardiometabolic disease.
Clinicians are aware of and routinely assess for indicators
of cardiometabolic risk, such as blood pressure (BP)
and body mass index (BMI). Secondary prevention and
intervention of concurrent conditions, such as type 2
diabetes mellitus and hypercholesterolemia, is routine
practice. Risk profiling and increased focus on early
disease detection have also been used to develop risk
prediction algorithms, which have been successfully
implemented to support clinical decision making
(e.g., “ASSIGN’ score and ‘QRISK’ algorithms for the
evaluation of future cardiovascular disease risk (9, 10)).
Further, the use of risk profiling, early detection methods,
and the development of risk prediction algorithms
is already routine in large-scale observational cohort
studies of neurodegenerative diseases, particularly of
AD. Summaries of notable examples of such studies
are presented in Table 1. Additionally, large-scale
interdisciplinary research projects, such as the Occitanie
Toulouse ‘INSPIRE’ project, continue to explore
biomarkers of healthy ageing from animal and human
models, with the ambition of identifying a composite
biomarker to identify declines in intrinsic capacity (i.e.,
physiological, mental, and psychological capacity) and
functional ability at the earliest possible stage (11). Each
of these aforementioned research projects align with the
WHO guidelines for Integrated Care for Older People
(ICOPE) (12).

The technology and infrastructure exist to integrate
risk prediction and early disease detection in research
settings, but have not yet been meaningfully translated
into clinical practice. There is a clear and pressing
need to provide effective brain health care pathways
which are distinct from those in place for patients

presenting with a clinical dementia syndrome or other
presentations indicative of later-stage neurodegenerative
disease. Existing ‘memory clinic’ and dementia services
are optimised for symptomatic dementia diagnosis
and post-diagnostic care. Similarly, while the general
public are increasingly aware of neurodegenerative
disease and dementia in later life, there remains a
pervasive misconception that these diseases and their
associated cognitive and functional decline are to
be expected in normal ageing (13). Public health
approaches to promoting brain health across the life-
course are in their infancy. To address the need to move
research into practice and public health, Brain Health
Scotland was established by Scottish Government in
2020, in partnership with Alzheimer Scotland, to take
public health and clinical approaches to reduce incident
dementia in Scotland (see Figure 1).

The proposed clinical approach of Brain Health
Scotland’s brain health services is based on three
fundamental principles, which are complementary to but
designed to be distinct from the existing ‘memory clinic’
model for later-stage disease: [1] individual risk profiling,
[2] early disease detection, and [3] implementation of
personalised prevention plans (19). As up to 70% of all
cases of a dementia syndrome will have an aetiological
contribution from AD pathology (20), the care pathway
for brain health services is optimised for, although not
monopolised by, the detection of and risk profiling for
AD.

The symbiosis between patients, clinicians,
community-based clinics, data systems and research
facilities forms the foundation of brain health services.
Through the integration of these groups and activities,
we can generate and continuously update risk prediction
algorithms, providing feedback to support clinical
decision making and implementation of personalised
prevention plans.

Through public health interventions (Figure 1) and
brain health services (Figure 2) combined, Brain Health
Scotland aims to reduce the incidence of dementia in
Scotland, and to ameliorate neurodegenerative disease
processes much earlier in their course than is achievable
with current approaches. Here, we outline the domains
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Stage 1: generic, non-clinical support (advice, light-touch lifestyle assessment, information and signposting). Stage 2: initial clinical service (risk profiling, early disease
detection, personalised prevention. Parallel referral to external services for management of comorbidities where appropriate). Stage 3: specialised clinical service (brain
biomarker assessment, personalised prevention and intervention. Outwards referral to memory clinic for those with an established clinical dementia syndrome unlikely to
benefit from continued care in Brain Health Services, parallel referral to external services for comorbidity management where appropriate). SBHR — Scottish Brain Health
Register; CSF — cerebrospinal fluid; PDS — Post Diagnostic Support

to be assessed and the rationale and scientific basis (including proposals for interventions and secondary

for them which will allow completion of the first two
objectives (risk profiling and early disease detection),
with implementation of personalised prevention plans

prevention approaches) to be detailed elsewhere in due
course. The following is segmented into sections relating
to [1] risk profiling, [2] early disease detection, and [3]
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general considerations around data systems, equity of
access, differential diagnosis, communication, and health
economics.

Risk profiling

Genetic Risk

The apolipoprotein E (APOE) gene is among the most
well-documented monogenic risk factors in relation to
AD, with the &4 allele being associated with increased risk
of AD and the €2 allele being a potential protective factor.
A recent large neuropathologic study found individuals
with €4/e4 genotype had an odds ratio (OR) of 11.39
(Confidence Intervals: 9.96-13.02) for developing AD and
individuals with the €2/¢2 genotype having an OR of
0.35 (CI: 0.2-0.61) for developing AD, compared to those
with the more common €3/¢e3 genotype, after controlling
for age, sex, and autopsy findings (with ORs greater than
1 indicating elevated odds, and ORs below 1 indicating
reduced odds) (21). Further, it has been reported that
allelic expression is not only related to susceptibility of
developing AD, but that carriers of the €4 allele with AD
accrue greater tau accumulation and medial temporal
lobe atrophy than those with AD but without the &4
allele, among other identified heterogeneities, indicating
APOE variant confers phenotypic differences in disease
progression and clinical expression (22).

Genetic testing is routinely used in determining risk
for hereditary disorders (e.g., Huntington’s disease) and
in diseases associated with known genetic mutations
(e.g., testing for mutations on the BRCA1 and BRCA2
genes associated with breast and ovarian cancers). It
is important to note that, in brain health services,
genetic testing for the APOE variant will be used for
the determination of personal risk (i.e., there is no
intention of determining APOE variant as a screening
tool, rather as a method of understanding attributable
genetic risk). Understanding risk attributable to APOE
variant is a crucial component in determining personal
risk, and allows for a more accurate determination of
the proportion of potentially modifiable risk. Further
considerations relating to risk disclosure are discussed
later (see Section 5: Risk Disclosure).

Lifestyle risk

Lifestyle, defined by the World Health Organisation
as “a way of living based on identifiable patterns of
behaviour, which are determined by the interplay
between an individual’s personal characteristics, social
interactions, and socioeconomic and environmental living
conditions”, plays a significant role in brain health and
the risk for neurodegenerative disease. The 2020 Lancet
Commission on dementia prevention, intervention, and
care (3) lists twelve risk factors for dementia across the
life-course which, if eradicated at the population level,

could reduce worldwide prevalence of dementia by up
to 40%. The majority of modifiable risk factors identified
in the Lancet 2020 report consist of lifestyle factors
or lifestyle-associated comorbidities such as diabetes
(discussed further below). Each risk factor identified
in the Lancet 2020 report is assigned a population
attributable fraction (PAF) indicating the percentage
reduction in worldwide dementia prevalence if the risk
factor is eliminated entirely. In early life (<45 years),
less education is the most important risk factor (PAF =
7%). In midlife (45-65 years), lifestyle risk factors include
excessive alcohol consumption (>21 units/week; PAF =
1%), hypertension (PAF = 2%), and obesity (PAF = 1%).
Additional factors which may be influenced by lifestyle
include hearing loss (PAF = 8%) and traumatic brain
injury (PAF = 3%). In later-life (>65 years), significant
modifiable lifestyle factors include smoking (PAF = 5%),
social isolation (PAF = 4%), physical inactivity (PAF =
2%), and exposure to air pollution across the life-course
(PAF =2%).

These modifiable risk factors, among other lifestyle
factors associated with brain health (e.g., diet (23) and
sleep (24)), are easily quantifiable through standard
clinical measurements (e.g., BP, BMI, glycated
haemoglobin) and questionnaires (e.g., physical activity
levels, smoker status). Patients’ risk factor data (e.g.,
total modifiable risk, risk scores for individual factors,
combined non-/modifiable risk) will be reassessed and
updated at each visit to a Brain Health Service, enabling
the clinician and patient to track longitudinal changes in
individual risk factors and projected disease trajectory
(for those in whom early disease is identified), and to
evaluate and re-evaluate the suitability and efficacy of
personalised prevention plans.

Medical comorbidities and iatrogenic effects of
drugs

Multi-morbidity is increasingly prevalent, yet much
of the evidence describing AD risk investigates each
risk factor separately. Evidence is now emerging that
multimorbidity confers a cumulative risk, with
neuropsychiatric and cardiovascular disease, sensory
impairment, and cancer all being highlighted as
notable risk factors (25). Furthermore, multi-morbidity
is associated with polypharmacy (the use of > 5 daily
medications), which has been associated with incident
dementia (26).

Key medical comorbidities that need to be screened
for and, where identified or pre-existing, added to
risk prediction algorithms include diabetes (27), atrial
fibrillation (28), heart failure (29, 30), hypertension (31),
respiratory disease (32), and traumatic brain injury (33,
34).

Anticholinergic medication has been investigated as
a potential risk factor for dementia, but the evidence
is mixed (35, 36). It may be that higher anticholinergic
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burden and male sex increases the risk (37). There is also
mixed evidence about whether use of benzodiazepines
and Z-drugs increase the risk of developing dementia,
or whether studies are detecting evidence of reverse
causation (i.e., prodromal dementia causing sleep
disturbance which led to hypnotic prescription) (36).
Moreover, these drugs may drive symptoms of dementia
(like confusion) as opposed to actually driving disease
processes (e.g., amyloidosis).

Mental health risk

Depression and anxiety have been associated with
dementia risk in numerous epidemiological studies with
biological plausibility for this association focussing on
dysregulation of the hypothalamic-pituitary-adrenal
axis (38). Mental health conditions may mediate social
isolation and socioeconomic decline and therein the
secondary accumulation of other risk factors both medical
and lifestyle. The association with mood and anxiety
symptoms is also subject to reverse causality as, while
these conditions may act as a risk factor earlier in life,
they may also act as an early expression of disease.
Irrespective of this risk/symptom dilemma, these
conditions should be sought for and managed to improve
prognosis and well-being.

Modalities for early disease detection and
capturing disease expression

Disease detection

Neuroimaging

Neuroimaging methods, including computed
tomography (CT), magnetic resonance imaging (MRI),
positron emission tomography (PET), and single-
photon emission tomography (SPECT) have provided
unparalleled insights into in vivo brain health across
the life course, and have provided crucial evidence that
neurodegenerative pathophysiologic processes begin
long before their clinical manifestation as cognitive and
functional decline.

Structural brain MRI scans (e.g., T1 MRI sequences)
can provide valuable insights into baseline and
longitudinal brain volumes, with hippocampal, temporal
lobe, and ventricular volumes of particular relevance
in early AD detection (39). Fluid attenuated inversion
recovery (FLAIR), T2, and T2* (susceptibility-weighted)
MR imaging protocols can be used to identify even
subtle evidence of vascular disease, including cerebral
small vessel disease, which is a highly prevalent brain
imaging finding in adults, commonly accompanying
neurodegenerative processes and acting as a leading
contributor to vascular dementia (40).

PET imaging enables investigation of cortical metabolic

THE SCOTTISH BRAIN HEALTH SERVICE MODEL

function through the use of radiotracers. Of particular
importance in the early detection of AD are measures of
beta-amyloid (af3) burden (e.g., PiB) and Tau burden (e.g.,
T807), both of which have been demonstrated to improve
diagnostic confidence (41-43). PET imaging of cerebral
glucose metabolism (e.g., Fluorodeoxyglucose-PET) is
also widely used to assess hypometabolism, which is
indicative of neurodegenerative disease more broadly
(44).

These imaging methods are routinely included in
clinical and research neuroimaging practice and there
exist numerous medical image analysis pipelines for the
quantification of neurodegenerative disease processes
which provide clear, interpretable information on brain
health, which can also be incorporated into risk prediction
algorithms.

Cerebrospinal fluid and blood biomarkers

Cerebrospinal fluid (CSF) biomarkers for aiding in
early AD detection have advanced considerably in recent
years. There is significant evidence in favour of using CSF
levels of phosphorylated tau (Ptau), total tau (Ttau), and
neurofilament light (NFL) as biomarkers for preclinical
AD detection (45). In isolation of other risk factor
analysis, CSF biomarkers yield reasonable sensitivity
but poor specificity for predicting progression from pre-
clinical AD to a clinical dementia syndrome, highlighting
the need to embed such biomarker assessments in
multifaceted risk algorithms (46-48). The extraction
of CSF through lumbar puncture (LP) is an invasive
procedure and will not be suitable for all patients, but its
benefits should not be overlooked.

Blood biomarkers, which are less invasive to obtain
than CSF biomarkers and more accessible than CSF or
neuroimaging biomarkers, are currently less widely
accepted than CSF or imaging markers as being clinically
effective. Blood biomarkers under particular scrutiny
include plasma and serum NFL level, plasma ap42/40
ratio, and plasma Ptau and Ttau levels. Zetterberg and
colleagues (49) note that while plasma and serum NFL
are good predictors of AD, they are not disease-specific.
Similarly, the authors comment that ap42/40 ratio is a
strong predictor of brain amyloid burden, but this is
also not specific to AD (and may be more indicative
of amyloidosis, which is a prevalent feature of brain
ageing). Plasma Ptau and Ttau levels are put forward as
promising, AD-specific measurements, but they require
further development and validation (49).

Additional and emerging biomarkers

Brain health services will provide a natural
environment for the development and validation
of further biomarkers and measures of early disease
progress. The symbiosis of clinical and research activities
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will allow for efficient integration of well-established
research methods and disease detection (such as
electroencephalography — EEG (50)) and novel and
emerging approaches (such as artificial intelligence
in speech and language processing (51)) into clinical
practice. This symbiosis is a key driver of the Scottish
Brain Health and Dementia Research Strategy, launched
in July 2021 (52).

Disease expression

We anticipate that the majority of patients
accessing brain health services will not present with
symptoms associated with later-stage disease
(i.e., significant cognitive and functional decline).
Cognitive and functional measures used in later-stage
neurodegenerative disease will not necessarily be
appropriate or suitably sensitive for our purposes. Here,
we describe aspects of early disease expression, which
are often subtle and for which further development of
prodromal disease assessment methods are required.

Cognitive

Cognitive changes detectable in preclinical AD include
poorer performance in tasks involving visuospatial
processing, assessable through measures such as the
Four Mountains test, which is sensitive to changes in
allocentric spatial processing and indicative of change
to hippocampal structure beginning in midlife (53, 54).
When assessing cognitive performance at any stage of the
disease-course, other factors potentially contributing to
poorer performance on these tests should be considered
(e.g., less education, anxiety, delirium). The transition
proposed from considering neurodegenerative diseases
as brain diseases with cognitive symptoms, rather than
‘cognitive disorders’, is critical to the development of
brain health services. It is likely that many, if not the
majority, accessing brain health services will have no
cognitive symptoms observable using traditional
measures such as the Mini Mental State Examination
(MMSE) or Clinical Dementia Rating (CDR), which are
prone to ceiling effects and are optimised for populations
with overt clinical symptoms.

Behavioural and neuropsychiatric

Although sleep was not included in the 2020 Lancet
Commission Report (3), there is clear and consistent
evidence linking poor quality sleep with risk of
cognitive decline (55). The brain in sleep is considered
to be an optimised state for clearance of toxic proteins
and other waste products via the glymphatic system,
highlighting the potential association between poor
sleep and amyloidosis (56), and is likely a symptom of
neurodegenerative disease, demonstrating a bidirectional

relationship similar to that of depression and cognitive
decline.

Apathy has also been associated as an early symptom
of neurodegenerative disease (including Parkinson’s
disease (57)) and a predictor of conversion from ‘Mild
Cognitive Impairment’ (MCI, early clinical disease phase)
to an established dementia syndrome (later clinical
disease phase) (58, 59). Collectively, neuropsychiatric
and behavioural symptoms have been collected into the
concept of Mild Behavioural Impairment (MBI), which is
considered to be a separate and perhaps earlier indicator
of neurodegeneration, worthy of inclusion in Brain Health
Service assessment (60).

Gait/power and autonomic instability

Gait speed is known to reach a peak in the third
decade and decline thereafter, not becoming apparent
until older age (61). Slower gait speed has been found
to predict incident dementia by up to seven years in
older adults (62). Even in midlife, gait speed has been
shown to be associated with white matter hyperintensity
accumulation and cognitive decline (63). While a single
measure of gait speed could be used as a predictive
tool for neurodegenerative disease risk, longitudinal
measurements are likely to be more useful. Similarly,
weaker grip strength in midlife is associated with
poorer cognitive ability, and several studies have found
an association between declining grip strength in older
adults and the risk of incipient dementia (64).

Autonomic dysfunction can feature as a part of any
neurodegenerative disease, most commonly in Lewy
body disorders, while evidence of autonomic dysfunction
prevalence in AD and vascular dementia is conflicting
(65). There is evidence of sympathetic dysfunction and
cognitive impairment in older adults without an apparent
clinical dementia syndrome (66), indicating that detection
of autonomic dysfunction in older patients without
dementia could represent early disease expression of
neurodegenerative disorders.

Analytical approaches and data use

Risk algorithms

An individual’s risk for neurodegenerative disease can
be estimated through the use of prediction algorithms
and machine learning to support clinical decision
making. Examples of automated or semi-automated
risk prediction methods routinely used in other areas
of clinical practice include the ASSIGN cardiovascular
risk assessment tool (10), which is used in primary
care in Scotland to estimate ten-year risk of adverse
cardiovascular events in asymptomatic individuals with
no clinical evidence of cardiovascular disease, and the
QCancer ten-year risk tool (67) which calculates the
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Figure 3. Red/ Amber/Green (RAG) chart providing examples of which conditions would be treated within brain health
services (green), conditions which would be managed within brain health services alongside additional specialist care
(amber), and conditions which would be referred out of brain health services (red)

Green conditions

Any neurodegenerative
disease (AD, dementia with
Lewy bodies,
frontotemporal dementia)

Cerebrovascular disease

Functional Cognitive
Disorders

Psychiatric conditions that
comprise risk and outcome:
depression, anxiety

0

/ Amber conditions \

Alcohol use disorders

Other neurological
conditions:
Parkinson’s disease
Multiple Sclerosis
Motor Neurone Disease

Epilepsy

Risk factor comorbidities:
Diabetes
Cardiovascular

/ Red conditions \

Incidental findings requiring
urgent investigation and/or
management:

Brain tumour
Suicidal intent
Stroke

A /

absolute risk of an asymptomatic individual having a
yet undiagnosed cancer. These online tools are only as
accurate as their source data and, as such, are updated
on a regular basis to reflect newly identified risk factors
and changing population characteristics. Linkage
of patient data between hospital and GP records and
centrally held information (e.g., death certification)
will allow more accurate projections than relying on
information from fewer sources. The veracity of the data
being collected to deliver risk prediction algorithms for
the onset or progression of neurodegenerative diseases
is a fundamental factor and drives the comprehensive
range of data being collected, as above, on risk factors,
biomarkers, and expression of disease. The data pathway
will be honed over the first few years of operation,
but we initially intend to include all data collected in
Brain Health Services (risk factors, biomarkers, disease
expression) and relevant data made available through
data linkage derived from patients’ interactions with NHS
services. The quantity and exact nature of data required
will alter over time as the algorithm(s) and developers
identify the core minimum dataset required for accurate
prediction of disease progression. Output from the risk
prediction and disease progression algorithm(s) will be
fed back to clinicians in Brain Health Services to act as a
support tool in diagnosis and disease management.

Secondary research environment

As alluded to above, brain health services will generate
a vast amount of data, particularly around early- and
mid-life factors associated with neurodegenerative
disease. Secondary analyses of data naturally and
routinely generated within brain health services, with

the explicit consent of clinic patients (and anonymised
to adhere with data security protocols), will provide
highly valuable epidemiology data enabling further
understanding of the origins of neurodegenerative
diseases and enabling assessment of the efficacy of
treatments and interventions in this naturally occurring
Phase IV setting. Moreover, highly characterised
patients, where willing, can be offered opportunities to
enter clinical trials, where low screen failure rates can
be anticipated — a key issue affecting trial delivery in
AD. Clinically-based recruitment has been shown to
be far more effective than population, register-based
recruitment (68).

Differential diagnosis

While brain health services will be optimised for the
early detection of neurodegenerative disease, we will
inevitably detect functional and cognitive changes in
patients which are attributable to other disease processes
(e.g., infection, mental illness, delirium), and we will
uncover incidental findings in patients who appear
otherwise healthy (e.g., an incidental neuroimaging
finding of a tumour). In cases where disease processes
or incidental findings suggest no concurrent
neurodegenerative disease and specialist services are
required (e.g., oncology, neurosurgery), patients will be
referred out of brain health services to the appropriate
service. There may be other circumstances in which it is
appropriate for brain health services to support a patient
through referral into other services while maintaining
their involvement in brain health service pathways (e.g.,
where a patient has increased risk or early indicators of
neurodegenerative disease and a comorbidity requiring

354



JPAD - Volume 9, Number 2, 2022

additional, specialist treatment).

We are working on developing a Red/ Amber/Green
(RAG) guideline list of conditions to aid decision making
that will be subject to change as the pathway develops
on the basis of experience and multi-disciplinary
discussions (see Figure 3). Red conditions are those
where management takes place entirely outside a Brain
Health Service (e.g., brain tumour, significant mental
illness including suicidal ideation and psychosis). Amber
conditions are those where management may be shared
with other clinical services (e.g., alcohol use disorders,
Multiple Sclerosis, Motor Neurone Disease). Green
conditions are neurodegenerative and cerebrovascular
diseases. As services develop (both within and without
the Brain Health Service), this RAG categorisation will be
subject to review and change.

Functional Cognitive Disorders

Functional cognitive disorders (FCD) are conditions
in which cognitive symptoms are experienced as the
result of internally-inconsistent changes in attentional
functions and metacognition, and not as the result of
neurodegenerative disease or structural brain injury
(69). They account for up to one in four memory clinic
presentations, but are more frequent in attendees who
have self-referred or are younger than 65 years of age
(70). Sometimes unhelpfully described as the ‘worried
well’, people with FCD, in contrast, have more anxiety,
depression, poor sleep, and somatic symptoms than
those with other causes of cognitive symptoms (70)
(and McWhirter et al., 2021, under review). Clinical
examination integrating consideration of linguistic and
interactive features can support a positive diagnosis of
FCD (71). Ongoing research aims to better understand
longitudinal FCD trajectories, mechanisms, and to
develop effective and scalable interventions. Low level
psychological intervention alongside personal risk
reductions plans may be appropriate in many cases; in
others, specialist psychological or psychiatric follow-up
may be required.

Risk disclosure

In developing individual risk profiles, careful
consideration will need to be given to the impact of
communicating the results to the recipient. A systematic
review of the psychological, behavioural, and social
effects of disclosing AD biomarker status found there
was no increase in depression or anxiety in those to
whom it was disclosed that they were carriers of the
APOE ¢4 variant (72). However, there was an uptake
in long-term care insurance and positive health-related
behaviour compared to those who tested negative for the
€4 allele. Nearly all of the subjects of studies reported in
this review were first-degree relatives of someone with
AD, therefore any detrimental impact of genetic testing

may be mediated by the individual already perceiving
themselves to be at increased risk.

In brain health services, patients will be encouraged to
play an active role in the risk disclosure process. Patients
will be made aware of what each test they undertake
could indicate, and of the immediate and longer-term
implications of test results. Ultimately, patients should
be able to choose how much information they receive
and how much remains known to the clinicians but is not
disclosed to the patient. For example, a patient may wish
to know the results of brain imaging, but may not wish
to know whether they are an APOE &4 carrier. Patients’
wishes should be accommodated, and patients should
be provided with the best information available for them
to decide their preferred extent of risk disclosure and
testing.

Further, all patients will be provided with a
personalised risk prevention and reduction plan. Again,
this will be developed in partnership with the patient
and be reflective of their own personal goals (73).
When disclosing risk to a patient, emphasis should be
placed on modifiable risk and on the positive actions
that can be taken to reduce risk over time. Patients
should be reassured that they will be offered follow-up
appointments and will be supported in implementing
their risk reduction and prevention plans. As stated
previously, the rationale and implementation of
personalised prevention plans and secondary prevention
and intervention approaches in Brain Health Scotland’s
clinical services will be elaborated upon in future
publications.

Health economics

In moving towards prevention and early intervention
of neurodegenerative disease, ultimately empowering
individuals to live a greater proportion of life in better
health, it is possible that we can alleviate some of the
economic burden arising from a growing proportion
of the population requiring advanced care. This is
demonstrated in research indicating the increasing costs
of dementia care over time (74), and in studies suggesting
that efforts to prevent or intervene in specific risk factors
offer the most cost-effective approach to dementia care
(75). Of particular note is a recent study which found
that NHS in England would save £1.863 billion per year
(based on 2012/13 prices) in formal (health and social)
and informal care with the successful implementation of
interventions for hearing loss, hypertension, and smoking
(76). Data collection to feed into ongoing health and
economic analyses and reporting will form a key part of
our brain health services.

Equity of access

Equity of access is a fundamental principle
underpinning all of Brain Health Scotland’s activities.
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Many of the risk factors associated with poorer
brain health accumulate and are exacerbated
within underrepresented populations, and too many
underserved members of the population struggle
to access healthcare. In Scotland, there are also vast
differences in accessibility to health services for those in
rural and remote areas compared with those in better-
connected towns and cities. It is hoped that through
increasing accessibility of services, we can improve access
to research programmes, enabling the science our clinics
is based on to better represent the populations we serve.
Further information on our approach to equity of access
will be presented elsewhere, but includes co-design
of services with marginalised communities, provision
of mobile/roving brain health services, digital and
telehealth services, and active and ongoing evaluation
of the impact of our services within underrepresented
groups.

Demonstrator sites

‘Demonstrator sites’ — Brain Health Scotland’s clinical
services, cultivated to provide models of best practice
and as hubs for supporting continued professional
development — are currently being identified and
established in partnership with Scottish Government,
NHS Scotland, and Alzheimer Scotland. Brain health
services will routinely undergo quality improvement
assessments, with data from these exercises in initial
demonstrator sites to provide insights for further
development before a wider roll-out of brain health
services for Scotland. This national availability is in the
Scottish Programme for Government, to be completed by
2025.

Conclusions

It is time for research evidence to be transferred into
routine clinical practice. Evidence that neurodegenerative
disease processes begin many years before disease
expression, particularly in diseases that give rise to a
clinical dementia syndrome, is widely accepted, and
methods to detect neurodegenerative disease and to
reduce risk factors at the earliest opportunity are
ready for clinical implementation. This is of particular
importance for patients who currently fall through
the gaps, such as those who may have early clinical
symptoms, but their case is not severe enough to warrant
referral to or ongoing engagement with memory clinics or
specialist dementia care providers. Through the combined
effort of brain health clinicians and academic research
programmes in Scotland, we are well positioned to
implement the Scottish Model of Brain Health clinical
services for early disease detection, intervention, and
personalised prevention, and will soon be prepared
to demonstrate the impact these brain health services
can have on reducing the incidence of late-stage
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neurodegenerative disease in the Scottish population.
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