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Abstract. Increasing interest in clinical trials and clinical research settings to identify Alzheimer’s disease (AD) in the earliest
stages of the disease has led to the concept of preclinical AD. Individuals with preclinical AD have AD pathology without
clinical symptoms yet. Accumulating evidence has shown that biomarkers can identify preclinical AD and that preclinical
AD is associated with a poor clinical outcome. Little is known yet about the role of vascular and lifestyle risk factors in the
development of preclinical AD. In order to better understand preclinical AD pathology and clinical progression rates, there
is a need to refine the concept of preclinical AD. This will be of great value for advancements in future research, clinical
trials, and eventually clinical practice.

Keywords: Amyloid, biomarkers, clinical trials, cognition, diagnosis, lifestyle, neuronal injury, preclinical Alzheimer’s
disease, prognosis, vascular risk

INTRODUCTION

Over the last two decades the developments in
biomarkers research have completely altered our per-
ception of Alzheimer’s disease (AD). It was shown
that amyloid-� (A�) abnormalities can be observed
more than 15 years before clinical symptoms [1–3].
This led to the introduction of the diagnostic cate-
gory of preclinical AD, defined as individuals with
abnormal A� but normal cognition. The concept of
preclinical AD opens a wide range of possibilities for
research of the development of AD and ultimately
the prevention of dementia. In this paper, we give an
overview of the diagnostic criteria of preclinical AD

∗Correspondence to: Stephanie J.B. Vos, Department of Psy-
chiatry and Neuropsychology, School for Mental Health and
Neuroscience, Alzheimer Center Limburg, Maastricht Univer-
sity, P.O. Box 616, 6200 MD Maastricht, the Netherlands. Tel.:
+31433881036; E-mail: s.vos@maastrichtuniversity.nl.

and the prevalence, clinical outcome, and risk factors
of preclinical AD. We conclude with a discussion of
the impact of the concept of preclinical AD on future
research, trial design, and clinical practice.

DIAGNOSIS OF PRECLINICAL AD

AD is characterized in the brain by extracellular
plaques, resulting from aggregation of the A� protein,
followed by intracellular neurofibrillary tangles com-
posed of hyperphosphorylated tau protein, and brain
atrophy. In 2011, a working group of the National
Institute on Aging and Alzheimer’s Association
(NIA-AA) proposed three ordered biomarker-based
stages for preclinical AD for cognitively normal indi-
viduals with abnormal A� [4]. Stage 1 preclinical
AD was defined as the presence of only an abnor-
mal A� marker, stage 2 as abnormal A� and at least
one abnormal neuronal injury marker, and stage 3 as
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abnormal A�, neuronal injury, and subtle cognitive
changes without impairments.

Aβ biomarkers

A� aggregation can be measured in cerebrospinal
fluid (CSF) or on positron emission tomography
(PET). Individuals with AD have lower A�42 lev-
els or a lower ratio of A�42 to A�40 in CSF and
an increased PET A� tracer binding [5, 6]. CSF
and PET A� measures are not interchangeable as
several studies reported discordance in abnormality
between both measures in cognitively normal individ-
uals (discordance range 8–21% [7–10], with typically
individuals having abnormal CSF A�42 but normal
A� PET. This suggests that CSF A�42 may identify
the disease before A� PET binding becomes abnor-
mal. Some studies have demonstrated that the ratio of
CSF A�42/A�40 may show a better concordance with
A� PET, compared to CSF A�42 alone, in particular
for specific assays [11, 12].

Neuronal injury markers

Tau pathophysiology can be measured in CSF by
p-tau levels and recently also on PET by tau PET
tracers. Other AD-related neuronal injury markers
include medial temporal lobe (MTL) atrophy on mag-
netic resonance imaging (MRI), hypometabolism on
fluodeoxyglucose (FDG) PET, and higher levels of
total tau (t-tau) in CSF. Whereas p-tau in CSF and
tau on PET are thought to be specific markers of AD
pathophysiology, MTL atrophy, hypometabolism on
FDG-PET, and higher levels of t-tau are also seen
in other conditions and therefore considered non-
specific to AD. Also neuronal injury markers are not
interchangeable as they measure different processes
[9, 13]. This is reflected in the higher discordance
in abnormality between these markers. We reported
41% discordance for CSF t-tau and hippocampal atro-
phy [9], while another study found 15% discordance
for CSF t-tau and FDG-PET and 26% for FDG-PET
and hippocampal atrophy [10]. When AD-related
atrophy patterns were studied, a discordance of 21%
with CSF t-tau and 49% with FDG-PET was found,
whereas CSF t-tau and p-tau showed a discordance
of 49% with FDG-PET [14].

PREVALENCE OF PRECLINICAL AD

Around one-third of individuals in the general
elderly population have A� pathology. A recent

worldwide meta-analysis based on over 50 studies
showed that A� prevalence increased from age 50 to
age 90 from 10% to 44% [3].

The prevalence of preclinical AD NIA-AA crite-
ria stage 1 ranged from 8 to 21%, and of stage 2
from 8 to 34% (Table 1) [2, 14–21]. Differences in
prevalence between studies are most likely related to
differences in setting, age, kind of biomarkers (e.g.,
imaging versus CSF markers), and cut-offs that were
used. Some studies specifically defined subtle cogni-
tive decline for stage 3 and found a prevalence of 2 to
4% for this stage (Table 1). However, there is no clear
consensus yet on defining subtle cognitive change at
the preclinical AD stage. In our head-to-head com-
parison study, using CSF markers for classification
resulted in a prevalence of preclinical AD stage 1
of 12%, and stage 2 + 3 of 9%, while with imaging
markers the prevalence of stage 1 was 20% and stage
2 + 3 8% [9]. Of the individuals in stage 1 accord-
ing to CSF biomarkers, 19% were in stage 2 + 3, and
39% were normal according to imaging biomarkers,
whereas of the individuals in stage 2 according to
CSF biomarkers, 74% were in stage 1, and 11% were
normal according to imaging biomarkers.

OUTCOME OF PRECLINICAL AD

Studies examining the relation between A� patho-
physiology and longitudinal clinical outcome remain
scarce. Overall, A� pathophysiology in cognitively
normal individuals has been associated with an
increased progression rate to mild cognitive impair-
ment (MCI) and AD dementia [1, 2, 22–24]. Some
studies have investigated the association between
A� pathophysiology and decline in specific cog-
nitive domains. These findings were examined in
a recent meta-analysis (overall n = 14 studies) and
show that A� pathophysiology is associated with
a small to moderate decline in global cognition
(Cohen’s d = 0.30), with smaller effects for semantic
memory, visuospatial function, and episodic mem-
ory (Cohen’s d = 0.24), while no such association
was found with working memory, processing speed,
and executive function [25]. Given the relatively
small effects, more sensitive cognitive measures may
be needed to capture early cognitive change. The
preclinical Alzheimer cognitive composite (PACC)
and Alzheimer’s prevention initiative composite cog-
nitive test score (APCC) have been suggested as
sensitive tests for global cognitive decline early on in
preclinical AD [24, 26, 27] and have been included
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as primary outcome measure in the first clinical trials
in preclinical AD. Future research on A� pathophys-
iology in relation to decline on the APCC and PACC
and other cognitive tests will help to better understand
the prognosis and outcome of A� pathophysiology in
cognitively normal individuals.

Progression rates to cognitive impairment or
dementia have been found to increase with advancing
NIA-AA preclinical AD stage (Table 2) [2, 14–16, 18,
19]. Reported progression rates to cognitive impair-
ment or dementia were 11–20% in stage 1, 12–26%
in stage 2, and 25–56% in stage 3 after an aver-
age follow-up of 1 to 11 years (Table 2). Studies
that combined stage 2 and stage 3 reported progres-
sion rates of 24–60%. A similar trend was found for
decline in performance on cognitive testing with more
decline in more advanced NIA-AA stages [17, 19,
21]. Moreover, our head-to-head comparison study
of AD defined by CSF versus imaging markers (CSF
A�42 and tau versus amyloid PET and hippocampal
atrophy) showed similar progression rates for pre-
clinical AD defined by CSF and imaging markers
[9], indicating that both modalities have comparable
prognostic value. Together, these findings show that
information on neuronal injury can help to further
refine the prognosis of cognitively normal individuals
with A� pathophysiology.

VASCULAR AND LIFESTYLE RISK
FACTORS FOR PRECLINICAL AD

Vascular and lifestyle factors are established risk
factors for AD-type dementia but little is known about
the role of these factors in the development of AD
pathology in cognitively normal individuals. Most
previous studies were cross-sectional and findings
have been conflicting. Lower BMI [28, 29], hyper-
tension [30] and increased pulse pressure [31] were
associated with A� pathology but other studies did
not find an association between vascular risk factors
and A� pathology [32–34] (Table 3).

Higher cognitive activity [35], a healthy nutrient
pattern [36–38], higher physical activity [38–43],
and higher social activity [44] were associated with
less A� pathology in cognitively normal individuals.
However, several studies did not find an association
between these lifestyle activities and A� accumula-
tion, e.g., [45, 46].

There are only few longitudinal studies available
to date that have examined the relation between
risk factors and development of amyloid pathology

(Table 3). Most of these studies lacked a baseline
measurement of A� pathology, which limits the inter-
pretation of timing of events. The studies suggested
that especially risk factors in midlife (40–65 years)
were associated with AD pathology in late life. The
ARIC study showed that having 2 or more of the
midlife risk factors obesity, smoking, cholesterol,
hypertension, and diabetes was associated with a
higher prevalence of A� pathology in later life com-
pared to having none of these midlife risk factors
(∼60 versus 30%) [47]. Another population-based
study suggested that midlife dyslipidemia was asso-
ciated with A� pathology in later life while midlife
obesity, smoking, diabetes, and hypertension were
associated with AD-related neurodegeneration on
imaging [48]. Midlife lipid levels were also found
to be associated with late life A� pathophysiology
in the BIOFINDER study [49]. The FINGER study
reported that a higher midlife CAIDE risk profile
(consisting of age, sex, education, blood pressure,
cholesterol, body mass index, and physical inactiv-
ity) was associated with more pronounced vascular
pathology and neurodegeneration on imaging in later
life, while no association with A� accumulation
was found, although this could be due to the rela-
tive small sample size (N = 48) [50]. A study with
longitudinal biomarker assessment in individuals in
midlife and later life found an association between
decreased mean arterial pressure and an increase in
p-tau over time but no association with A� changes
[51], whereas another study did not find any relation
between vascular burden and longitudinal biomarker
changes [52]. Furthermore, among highly educated
individuals, high midlife cognitive activity was found
to be associated with less increased longitudinal A�
on PET in APOE �4 carriers [53]. Although the above
findings are inconsistent, lack long-term longitudinal
amyloid biomarker measurements, and are based on
relatively small samples, they suggest that lifestyle
and vascular risk factors may be involved in the devel-
opment of AD-related pathology later in life.

ONGOING PRECLINICAL AD TRIALS

AD disease-modifying treatment targets are
explored in a number of ongoing secondary preven-
tion trials. Secondary prevention trials are testing
disease-modifying drugs in individuals with preclin-
ical AD, i.e., individuals with AD pathology but no
clinical symptoms yet or presymptomatic mutation
carriers. BACE inhibitors are the most commonly
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used AD therapy agent and have shown robust
reduction in A� pathology. Also immunotherapies,
especially monoclonal antibodies, are used in sev-
eral AD trials [54]. Ongoing trials in preclinical AD
include, for example, the Anti-Amyloid treatment for
Asymptomatic AD (A4) [55], EARLY, Alzheimer’s
Prevention Initiative (API) [56], and Dominantly
Inherited Alzheimer’s Network (DIAN) [57, 58]. The
A4 trial and EARLY trial recruit cognitively normal
individuals with evidence of A� pathology to test an
anti-A� antibody and BACE inhibitor, respectively.
The API recruits cognitively normal individuals at
high risk of developing symptoms based on their
genetic background. The API autosomal-dominant
AD trial tests an anti-A� antibody in individuals with
presenilin 1 (PSEN1) mutations close to their esti-
mated age of onset, while the API APOE �4 trial
tests an A� vaccine or BACE inhibitor in cognitively
normal homozygous APOE �4 carriers. The DIAN
trial tests an anti-A� antibody in autosomal dominant
mutation carriers in APP, PSEN1 and PSEN2 genes.
All these ongoing trials use a cognitive composite
score as primary outcome measure.

IMPACT OF PRECLINICAL AD ON
FUTURE RESEARCH, TRIALS, AND
CLINICAL PRACTICE

The concept of preclinical AD has had and will
continue to have an enormous impact on develop-
ments in research, trials, and clinical practice. Still,
the concept of preclinical AD needs to be further
refined and several challenges that come with the
concept of preclinical AD remain to be tackled.

Need of refinement of preclinical AD

Refinement of the preclinical AD concept is
needed in order to capture the earliest changes of
AD and understand how the disease unfolds. The
proposed ATN classification system forms a first
step toward refining preclinical AD by differentiating
between several neuronal injury markers [59]. Here
the A stands for A� pathology (CSF or PET), the T
for tau pathology (CSF p-tau, tau PET), and the N for
other forms of neuronal injury (hippocampal volume,
CSF t-tau, FDG-PET). This classification system is
implemented in the new proposed NIA-AA criteria
which state that amyloid pathology is required to be
labeled as having AD pathophysiology but evidence
of both A� and tau pathology is required in order to
be labeled as having AD. The differentiation between

CSF t-tau and p-tau could, however, be questioned as
these markers are known to be highly correlated. The
high number of resulting subgroup combinations may
limit its applicability in clinical research settings.

While A� is considered the core pathology in
preclinical AD, we still do not understand the patho-
physiology of A� aggregation. To capture the earliest
stages of AD, it is crucial to better understand
the folding and aggregation of A� monomers into
oligomers, protofibrils, and fibrils. Several studies
have shown variability between individuals in type
of aggregated A� but current assays may not be able
to detect these different subtypes of aggregated A�.
More knowledge on A� aggregation could shed new
light on findings regarding individuals with slightly
elevated levels of subthreshold A� who show cogni-
tive decline [17, 60]. It can also help to understand
the biomarker and cognitive trajectories of people
with neuronal injury in the absence of A� pathology.
Currently they are labeled as having Suspected Non-
Alzheimer’s disease pathophysiology (SNAP) [13],
but a subgroup may as well have preclinical AD with
a form of aggregated A� that cannot be picked up by
current A� assays.

How preclinical AD relates to other AD-related
molecular processes is another topic that requires
further investigation. Synapse dysfunction, neuroin-
flammatory responses, and axonal degeneration are
known to play a central role in AD, but exact tim-
ings are not yet fully understood [61, 62]. Knowledge
on these processes in relation to core AD markers
could help to identify subtypes of preclinical AD that
may benefit from different treatments and improve
prognosis in these individuals. Neurogranin [63],
YKL-40 [64], and Neurofilament-Light [65] are rela-
tively well-established novel CSF markers that reflect
these processes and may be good biomarker candi-
dates for prognosis. Large-scale multimodal omics
studies, like the IMI EMIF-AD Biomarker Discov-
ery Study (http://www.emif.eu/about/emif-ad), will
contribute to the identification of novel genetic and
molecular candidates to further refine preclinical AD.

A deeper understanding of the earliest cognitive
changes in preclinical AD would be also of great
importance for clinical research and AD trials. Stud-
ies have shown that composite measures of global
cognition may best capture early cognitive changes
in preclinical AD (see above) [24, 26]. However,
most of the current tests were not developed for iden-
tifying AD in cognitively healthy individuals and
cognitive norm scores are often based on a cogni-
tively healthy population including also individuals

http://www.emif.eu/about/emif-ad
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who have already amyloid pathology. Also the role
of subjective cognitive complaints in relation to the
earliest cognitive changes should be further clarified.

Key challenges of preclinical AD

Detection and diagnosis
The detection of A� pathology requires a lumbar

puncture or PET scan. This complicates screening for
preclinical AD among cognitively healthy individu-
als, as these tools are not yet widely used, more costly,
and still considered relatively invasive. To imple-
ment screening for preclinical AD on a large scale
there is a need for valid easily assessable biomarkers,
like blood-based biomarkers. Validated blood-based
markers are not yet available, but it is likely that in the
future a combined set of blood-based and other mark-
ers can serve as signature for preclinical AD or as
pre-selection tool for individuals that should undergo
assessment of A� pathology by lumbar puncture or
PET scan.

Without an available treatment, a diagnosis of AD
in the preclinical stage comes with several ethical
considerations. A preclinical AD diagnosis can only
be considered in relation to clinical trial recruitment,
and only with appropriate counseling. Preclinical AD
should not be diagnosed in clinical routine as the
prognosis is not clear, it may create stigma or induce
worries in people who do not have clinical symptoms
yet, and because there is no treatment. Nevertheless,
there will be people who want to know their risk
of progression to dementia. Shared decision-making
will then be crucial such that persons understand what
the findings can and what they cannot tell regarding
diagnosis and prognosis.

Resilience and risk for progression
Not all individuals with preclinical AD will

progress to dementia before death. Findings of post-
mortem A� plaques in brains of cognitively healthy
elderly at death raise the question why some of the
individuals with preclinical AD are resilient for cog-
nitive decline. Neuropathological studies suggested
that those A� plaques appear to be associated with
lower levels of oligomeric A� forms and could there-
fore be less toxic [66]. Also less neuroinflammation
has been reported in brains of these individuals
[67]. There are several environmental and lifestyle
as well as genetic factors that can influence symp-
tom expression in AD and prevent some individuals
from becoming demented. As findings are still incon-
sistent about the protective role of healthy lifestyle

on core AD pathology (see above), we need a better
understanding of the molecular pathways by which
cognitive, lifestyle, and genetic protective effects
are exerted. Knowledge on factors that promote
resilience could lead to novel therapeutic targets for
individuals who are at high risk of progression to
dementia. Understanding resilience in preclinical AD
is also of utmost importance once a cure becomes
available in order to avoid treating persons with pre-
clinical AD who may never become demented.

Among individuals with preclinical AD who do
progress to dementia there is a large variability
in rate of progression. Disease progression may in
part depend on the presence of other AD-related
pathologies such as synapse dysfunction, neuroin-
flammation, and axonal degeneration. Preclinical AD
manifests at older ages and therefore prognosis may
also depend on the presence of age-related comorbid
diseases, such as vascular pathology or vascular risk
factors [68], which all influence the rate of cognitive
decline. This indicates the need of a multidimensional
approach to estimate the prognosis of preclinical AD.

Drug trial design
The concept of preclinical AD is very valuable

for development of strategies to prevent cognitive
impairment. It provides a large time window for
disease-modifying treatment, as neurodegeneration is
still limited. However, as it reflects a long early stage
of the disease, clinically relevant cognitive changes
cannot be easily captured. There is a need for cog-
nitive tests that can monitor cognition over time in
preclinical AD. Most of the current cognitive tests
are rather developed for diagnostic purposes or cap-
ture only cognitive changes in more advanced stages
of AD. Furthermore, it is not feasible to have treat-
ment trials with a follow-up of more than 5 years.
It is therefore essential to be able to translate small
cognitive changes in preclinical AD to the expected
clinical changes in daily functioning or quality of
life in advanced stages of AD by statistical disease
modeling. For example, the IMI ROADMAP project
(https://roadmap-alzheimer.org) aims to develop dis-
ease and health-economic models to demonstrate
long-term value of treatment in preclinical AD using
data of population studies, clinical cohorts as well as
EHR datasets that together cover the full AD clinical
spectrum.

Timing is everything. Maybe AD can only be
stopped before pathology arises such that the preclin-
ical AD stage would already be too late to cure AD.
Certain disease-modifying drugs, like drugs targeting

https://roadmap-alzheimer.org
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A� production and aggregation, are likely most effec-
tive before considerable A� accumulation has taken
place. Primary prevention trials would need to test
drugs in individuals who are at risk for AD but do
not have AD pathology yet. To maximize efficacy
in such trials, trial recruitment of cognitively normal
individuals could then, besides APOE �4 carriership,
be enriched by family history, lifestyle, and vascular
risk factors and absence of environmental or genetic
factors that point toward resilience.

PRECLINICAL AD: THE FUTURE

The preclinical AD concept has proven to be of
tremendous value in understanding AD pathophys-
iology in the earliest stages of the disease and has
obviously advanced drug trials. However, there is still
a lot more to learn about preclinical AD and its associ-
ated processes. Further refinement of the preclinical
AD concept will help us to tackle the current chal-
lenges and foster further advancement in research,
clinical trials, and eventually clinical practice. Once
we move toward primary or secondary prevention of
AD, we will be faced with new ethical considerations
and challenges regarding detection and diagnosis in
primary care settings. For now, it may be useful to pro-
mote a healthy lifestyle and treat vascular risk factors
in cognitively healthy individuals, already in midlife.
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