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ABSTRACT

Alzheimer’s disease (AD) is prevalent through-
out the world and is the leading cause of
dementia in older individuals (aged > 65 years).
To gain a deeper understanding of the recent
literature on the epidemiology of AD and its
progression, we conducted a review of the
PubMed-indexed literature (2014-2021) in
North America, Europe, and Asia. The world-
wide toll of AD is evidenced by rising preva-
lence, incidence, and mortality due to AD—
estimates which are low because of underdiag-
nosis of AD. Mild cognitive impairment (MCI)
due to AD can ultimately progress to AD
dementia; estimates of AD dementia etiology
among patients with MCI range from 40% to
75% depending on the populations studied and
whether the MCI diagnosis was made clinically
or in combination with biomarkers. The risk of
AD dementia increases with progression from
normal cognition with no amyloid-beta (Ap)
accumulation to early neurodegeneration and
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subsequently to MCI. For patients with AP
accumulation and neurodegeneration, lifetime
risk of AD dementia has been estimated to be
41.9% among women and 33.6% among men.
Data on progression from preclinical AD to MCI
are sparse, but an analysis of progression across
the three preclinical National Institute on Aging
and Alzheimer’s Association (NIA-AA) stages
suggests that NIA-AA stage 3 (subtle cognitive
decline with AD biomarker positivity) could be
useful in combination with other tools for
treatment decision-making. Factors shown to
increase risk include lower Mini-Mental State
Examination (MMSE) score, higher Alzheimer’s
Disease Assessment Scale (ADAS-cog) score,
positive APOE4 status, white matter hyperin-
tensities volume, entorhinal cortex atrophy,
cerebrospinal fluid (CSF) total tau, CSF neuro-
granin levels, dependency in instrumental
activities of daily living (IADL), and being
female. Results suggest that use of biomarkers
alongside neurocognitive tests will become an
important part of clinical practice as new dis-
ease-modifying therapies are introduced.

Keywords: Alzheimer’s Disease; Clinical Pro-
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Alzheimer’s disease (AD) dementia
incidence and prevalence are high
worldwide, increasing but likely
underestimated because of underdiagnosis
and misdiagnosis.

The risk of dementia increases with stages
of progression, from normal cognition
with no amyloid-beta (Af) accumulation
to degeneration and subsequently to mild
cognitive impairment (MCI) due to AD.

Studies of AD are challenged by disease
classification due to differential diagnosis,
multiple biomarkers and neuropsychiatric
tests, and variation in consensus criteria.

Measures to help determine AD dementia
risk among people with MCI include
neurocognitive test performance and
biomarkers (e.g., tau/Ap ratio, positive
APOE4 status, white matter
hyperintensities, atrophy in specific brain
regions).

With new therapies, clinicians must be
able to identify patients with preclinical
AD and MCI due to AD using
combinations of diagnostic approaches.

INTRODUCTION

Alzheimer’s disease (AD) is the leading cause of
cognitive impairment and dementia in older
individuals (aged > 65 years) throughout the
world [1]. AD follows a prolonged, progressive
disease course that begins with pathophysio-
logical changes in the brains of affected indi-
viduals years before any clinical manifestations
are observed [2]. These pathophysiological
changes include the accumulation of toxic
species of amyloid-B (Ap), the development of
neurofibrillary tangles of hyperphosphorylated
tau protein, and neurodegeneration that may
result from uncontrolled activation of microglia

in the brain leading to secretion of neurotoxins
and inflammatory factors [3-5]. Individuals
harboring such changes may be asymptomatic
or may exhibit clinical manifestations varying
from memory lapses to severe and debilitating
loss of memory and cognitive function [2]. As

AD progresses, additional neuropsychiatric
symptoms may manifest, including periods of
confusion, disorientation, mood change,

aggression/agitation, and eventually delusion/
hallucination in later stages.

Because normal aging involves subtle cogni-
tive deterioration, it can often be difficult to
distinguish cognitive decline due to AD from
the declines associated with normal aging (e.g.,
declines in processing speed, and certain abili-
ties related to memory, language, visuospatial,
and executive function) [6, 7]. As a result of the
challenges of diagnosis and of a historical per-
ceived lack of benefit from diagnosis (due to the
lack of an effective disease-modifying therapy,
DMT), underdiagnosis is common, with some
evidence suggesting that more than half of
those who develop AD dementia may never be
formally diagnosed [8-10]. However, because a
novel DMT may be most effective before years
of potentially irreversible pathologic changes
have occurred, identifying individuals destined
to develop AD dementia is vital [11]. The 2011
National Institute on Aging and Alzheimer’s
Association (NIA-AA) guidelines defined three
phases of AD: preclinical AD (early pathologic
changes in the brains of cognitively normal
individuals), MCI (symptomatic predementia),
and dementia [12-14].

Preclinical AD, the earliest phase of the
continuum from normal cognition to AD
dementia, is characterized by the occurrence of
the aforementioned pathophysiological chan-
ges including accumulation of toxic Ap species
and hyperphosphorylated tau protein [2, 5, 15].
Importantly, toxic AP species and hyperphos-
phorylated tau can be identified in cere-
brospinal fluid (CSF) and blood and can
therefore be employed as diagnostic biomarkers
[16, 17]. Definitions for preclinical AD have
been proposed by four different groups (NIA-AA
criteria, Dubois criteria, International Working
Group-2 criteria, and the NIA-AA Research
Framework criteria) and based on various
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combinations of biomarkers [18]. There is some
correspondence among categories in the four
systems [18].

MCI identifies individuals who do not have
dementia, but who do have some deficits in
cognition. The definition of MCI has evolved
over the past 50 years, and there are several
clinical definitions [11, 19]. The Peterson crite-
ria define MCI as individuals performing 1.5
standard deviations below normal on memory
tasks, with preservation of activities of daily
living (ADL) [19]. The Winblad criteria expand
the definition to include and distinguish indi-
viduals with cognitive impairment in domains
beyond memory impairment, resulting in
amnestic MCI (aMCI; subjective and objective
memory impairment) and non-amnestic MCI
(naMCI; impairment in a cognitive domain
other than memory) [11, 19, 20]. In addition,
the range of cognitive deficit is further catego-
rized as single-domain (sd) or multiple-domain
(md) aMCI and naMCI [11, 19, 20]. However,
clinical definitions of MCI that do not include
neuropathologic changes in the brain as a cri-
terion for diagnosis lack specificity for AD as the
underlying cause of impaired cognition [15, 21].

In 2018, the NIA-AA published a research
framework that developed a biological rather
than clinical definition of AD for use in clinical
research [15]. The NIA framework defined AD
on the basis of the AT(N) classification, which
assessed the presence of amyloid pathology (A),
tau pathology (T), and neuronal injury (N) to
categorize the presence and extent of AD [135].
In the framework, the presence of amyloid
pathology was indicative of AD pathologic
change and amyloid pathology in combination
with tau pathology and/or neuronal injury was
indicative of AD [15]. In response, an Interna-
tional Working Group provided recommenda-
tions for a clinical-biological diagnosis of AD
that incorporated both clinical (e.g., impaired
cognition) and biomarker (amyloid and tau
pathology) evidence to support a diagnosis.
However, the International Working Group
recommended against widespread biomarker
testing of cognitively unimpaired individuals
[21].

As new DMTs are introduced into practice, it
is useful to understand what is currently known

about the clinical burden of AD across the
spectrum of the disease. To gain a deeper
understanding of the clinical burden of AD in
terms of prevalence, incidence, mortality, and
progression (including preclinical AD and that
of MCI due to AD), we reviewed the epidemio-
logic and clinical literature on AD with a focus
on recent English-language literature published
in North America, Europe, and Asia.

METHODS

A review of the recent literature on the epi-
demiology and clinical burden of AD in North
America, Europe, and Asia was conducted. Our
primary literature search covered the PubMed-
indexed literature published between 2014 and
January 2021 and included search terms related
to AD (including MCI) and epidemiology (e.g.,
“incidence”, “prevalence”, “epidemiology”, “risk
factors”) or clinical burden (e.g., “morality”,
“progression”, “stages”) as well as relevant
Medical Subject Heading (MeSH) terms for AD
epidemiology and clinical burden. Supplemen-
tal searches of indexed and non-indexed litera-
ture were also conducted. The year 2014 was
selected as a cutoff date in an effort to focus our
review on studies published after the publica-
tion of the 2011 NIA-AA; additionally, we did
not want to look further back than 2014 for
studies of epidemiologic data as such data may
be outdated.

While this research is not based on a sys-
tematic literature review, articles identified in
the literature search were considered for inclu-
sion if they reported relevant outcomes and
were conducted globally or in the United States
(USA), France, Germany, Italy, Spain, the Uni-
ted Kingdom (UK), China, and Japan. Articles
reporting on patients with AD were prioritized,
whereas articles reporting on related popula-
tions (e.g., patients with dementia, AD and
related dementia [ADRD], or AD and other
dementia [ADOD]) were not prioritized unless
they reported specific information on patients
with AD. Where many articles on a specific
topic were identified, those publishing unique
information were prioritized for inclusion.
Additional priorities included more recently
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published articles and, where relevant, studies
of larger patient populations and studies
reporting on longer periods of follow-up. In
total, 53 articles were selected for inclusion in
the literature review. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

EPIDEMIOLOGY OF AD AND MCI

Prevalence of Clinical AD Dementia

The prevalence of clinically diagnosed AD
dementia is high and expected to rise over time
consistent with the aging of the population
[8,22,23]. According to arange of estimates from
different studies (Table 1), AD dementia affects
3-4% of adults in their late working or retirement
years [24-28]. These estimates may reflect regio-
nal differences or differences in study design
(e.g., varying ages of study populations, diag-
nostic criteria for AD dementia) [24, 26].

The prevalence of clinically diagnosed AD
dementia rises with increasing age [25, 26]. In
China, 2010 estimates of prevalence from a sys-
tematic review increased with advancing age
from 0.2% among persons aged 55-59 to 48.2%
among persons aged 95-99 [29]. AD dementia is
also more common among women than among
men, as evidenced by a systematic review in
which all five studies that included prevalence in
men and women reported a higher prevalence in
women, and by a meta-analysis that found AD
affected 3.31% (95% confidence interval [CI]
2.85, 3.80) of men and 7.13% (95% C1 6.56, 7.72)
of women [25]. A separate study conducted in
China similarly found that women were more
than twice as likely to have AD dementia than
men (prevalence ratio, 2.37, 95% CI 1.90, 2.96,
p < 0.0001) after adjustment for age, period of
study, and region (urban or rural) [29].

Incidence of Clinical AD

The incidence of clinically diagnosed AD
dementia reported in studies (Table 2) varies

from 2.0 to 16.8 new cases of AD per 1000 per-
son-years across studies in the USA, Europe,
Japan, and China [23-26, 29, 30]. Some of the
wide variation in incidence may be due to
variations in age ranges of included study pop-
ulations, country population characteristics,
time periods studied, and operational diagnosis
of AD dementia. For example, a meta-analysis
investigating the incidence of clinical AD in
Europe found that incidence rose with increas-
ing age strata (cases of clinical AD per 1000
person-years: 65-74 years, 3.4; 75-84 years,
13.8; > 85 years, 35.8) [25]. As with prevalence,
the incidence of AD dementia rises with age: a
recent systematic review found that seven of
nine studies reported a positive association with
age [26]. A meta-analysis of studies conducted
in Europe also observed a higher incidence of
AD dementia in women than in men (women,
13.3 cases per 1000 person-years [95% CI 12.1,
14.5]; men, 7.02 cases per 1000 person-years
[95% CI 6.1, 8.1]), although study authors did
not report on the relationship between patient
age and sex [25].

Mortality

Globally, dementia (all-cause) is the fifth lead-
ing cause of death, with 4.4% of all deaths
attributable to dementia in 2016 [31]. Deaths
due to dementia have steadily increased over
time, partly due to population growth and
population aging, more than doubling from
1990 to 2016 [31]. AD dementia-related deaths
have also risen. An analysis of AD dementia
mortality in Europe found that deaths from AD
among patients aged > 50 years (as identified
by diagnostic codes) more than doubled from
1994 [41,255 deaths] to 2013 [86,822 deaths]
[32]. The age-standardized mortality rate for
deaths caused by AD dementia in Europe was
45.2 per 100,000 in 2013 [32].

Recording of cause of death is variable and
AD dementia may be either a contributing cause
or an underlying cause [33, 34]. In the USA in
2017, 46.4% of dementia-related deaths were
attributable to AD [34]. One study of AD
dementia in Canada investigated multiple cau-
ses of death when AD was listed on death
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Table 1 Prevalence of clinical AD dementia

Author, year Setting (year) Population Patients with AD dementia, % Patients with AD
dementia, #
Fiest 2016 [24] Multicountry® Aged > 60 years Period prevalence 3.04% (95% CI NR
1.56, 5.91)
Point prevalence 4.02% (95% CI
291, 5.56)
Takizawa 2015 France (2009) Aged > 60 years 3.0% NR
[26] Iraly (2000)  Aged > 64 years 4.2% NR
Spain (2009) Aged > 75 years 6.4% NR
UK (NR) NR 4.9% NR
USA (2001)  Aged > 70 years 6.8% NR
Niu 2017 [25] Europe® Varied® 5.1% NR
Ciu 2020 [27] China (2019) Aged > 60 years 3.8% (95% CI 2.14, 5.47)° NR
Chan 2013 [29]  China Aged > 55 years 55-59 years: 0.2% 5.69 million
(2010)° 60-64 years: 0.6%
65-69 years: 1.3%
70-74 years: 2.7%
75-79 years: 5.5%
80-84 years: 10.4%
85-89 years: 18.5%
90-94 years: 30.9%
95-99 years: 48.2%
Zhao 2020 [28] China“ NR 4.0% (95% CI 3.0, 4.0)° NR
Brookmeyer 2018 USA (2017) NR NR 6.08 million®

[36]

AD Alzheimer’s disease, MCI mild cognitive impairment, NR not reported

“Systematic review: analyses include studies published between 1994 and 2009 (point prevalence) and between 2003 and
2008 (period prevalence) in community settings
> Age ranges of studies included in prevalence analysis were 55 to 106 years, > 59 years, > 64 years, > 65 years (two studies),
70 to 91 years, and > 70 years (two studies). Studies included in this meta-analysis were published between 1995 and 2013
“Age-standardized prevalence from a meta-analysis of 75 studies reporting AD dementia prevalence from 2001 to 2017

dAge-specific prevalence from a systematic review of 75 epidemiology studies that assessed prevalence of AD dementia in

China

“Combined prevalence based on a meta-analysis of 29 studies covering 19 provinces and cities in China
fIncludes 1.54 million patients with late-stage clinical AD dementia, 2.11 million patients with early-stage clinical AD
dementia, and 2.43 million patients with MCI due to AD
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Table 2 Incidence of clinical AD dementia

Author, year Setting (year) Population Patients diagnosed with AD dementia (per 1000
person-years)
Chan 2013 [29] China (2010)* Aged > 60 years 6.3
Fiest 2016 [24] Multicountry” Aged > 60 years  15.8 (95% CI 12.9, 19.4)
Montgomery 2017 Japan Aged > 65 years 14.6
[23] (1985-2002)°
Niu 2017 [25] Europea1 Varied! Overall: 11.1 (95% CI 10.3, 11.9)

(1994-2011)

Rajan 2019 [30] USA Aged > 65 years
(1994-2012)°

Takizawa 2015 [26] France (2002) Mean age

76.1 years
Italy (NR) Aged 65-84 years
Spain Mean age
(2007-2010) 80.2 years
USA Aged > 65 years

(1995-1999)

Ages 65-74: 3.4

Ages 75-84: 13.8

Ages 85 and older: 35.8
3.6 (95% CI 3.3, 3.9)

2.0

7.0
6.6

16.8

AD Alzheimer’s disease

“Estimate was based on data from 13 prospective studies included in a systematic review

IDAnalyses were based on six studies that were included in this systematic review; five studies reported incidence in the

community setting and one Italian study reported incidence based on a combined population of persons in both community
and institutional settings; the estimate in this study was 7.0 (95% CI 5.5, 8.9)

“Based on data from one study included in a systematic review that examined incidence of dementia specifically due to AD
dMeta—analysis of 11 incidence studies included in a systematic review. Age ranges were > 55 years (one study), 65-84 years

(two studies), > 65 years (four studies), > 70 years (one study), and > 75 years (two studies), and 85 to 88 years (one

study)

“Average annual incidence standardized to the 2010 US census age and sex distributions

certificates [33]. In this analysis, 4.3% of all
deaths occurring from 2004 to 2011 were AD
dementia-related, but 2.6% of deaths had AD
dementia as an underlying cause, in contrast to
1.7% of deaths having AD dementia as a con-
tributing cause [33]. Usually, when AD

dementia was listed as an underlying cause,
cardiovascular disease was the most common
contributing cause (46%); when AD dementia
was listed as a contributing cause, cardiovascu-
lar disease was the most common underlying
cause (41%) [33]. The crude mortality rate in
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Canada for deaths from AD dementia as an
underlying cause increased over the period 2004
to 2011, from 10.1 to 11.5 per 100,000 for men
and from 24.4 to 25.4 per 100,000 for women
[33].

Data on survival from early stages of AD
dementia are scarce. However, median survival
among persons with AD dementia has been
estimated to be approximately 7 years from
presentation with cognitive decline (according
to an analysis of data from one geographic area
in England) [35].

MCI due to AD

Patients with MCI due to AD are more likely to
progress to dementia than those with MCI that
is not associated with toxic species of Ap and/or
the development of neurofibrillary tangles of
hyperphosphorylated tau protein
[5, 15, 21, 36-38]. Data from 13 cohort studies
representative of multiple countries has
demonstrated a high prevalence of AD at the
MCI stage according to the IWG-1, IWG-2, and
NIA-AA criteria, which identifies patients at
higher risk of dementia based on the presence of
AD-related biomarkers (abnormal Ap and/or
tau) and or neuronal injury [38]. On the basis of
the IWG criteria, 53% (IWG-1) and 40% (IWG-
2) of subjects with MCI were identified as hav-
ing AD; 3-year progression rates were 50%
(IWG-1 criteria) in persons with prodromal AD
versus 21% without prodromal AD, and 61%
(IWG-2) with prodromal AD versus 22% with-
out prodromal AD. On the basis of NIA-AA cri-
teria, 46% of subjects with MCI were classified
as being in the “high likelihood AD” group [38];
and the 3-year progression rate was 59% (sub-
jects in lower risk groups had 3-year progression
rates of 5-24%).

The incidence of clinically diagnosed MCI
has been examined in a systematic review of
studies in Europe, the Americas, and Australia
[39]. Incidence rates ranged from 22.5 to 60.1
per 1000 person-years depending on age, but
meta-analysis suggests substantial heterogene-
ity in incidence estimates due to methodologi-
cal and population sample characteristics in the
included studies. Analyses resulted in MCI

incidence of 22.5 (95% CI 5.1, 51.4) per 1000
person-years for ages 75-79, 40.9 (95% CI 7.7,
97.5) for ages 80-84, and 60.1 (95% CI 6.7,
159.0) for ages 85 and older [39]. Other research
has examined etiologic diagnoses of AD in MCI
(as evidenced by NIA-AA clinical criteria), find-
ing that 75% of subjects with MCI had an eti-
ology of AD, while the remainder were classified
with etiologies such as CVD and Lewy body
dementia [40].

Several recent studies in China have docu-
mented population-based prevalence of clini-
cally diagnosed MCI [37, 41, 42]. In a meta-
analysis of 41 studies of Chinese community-
dwelling populations over 55 years of age, the
pooled prevalence of MCI was 12.2% (95% CI
10.6, 14.2) for MCI and 10.9% (95% CI 7.7,
15.4) for amnestic MCI. There were slight dif-
ferences in prevalence according to diagnostic
criteria, with rates of MCI of 13.5% using the
Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition (DSM-IV) criteria, 12.9%
using the Petersen criteria, and 10.3% using
NIA-AA [42]. There was a higher prevalence
among women than men (13.8% [95% CI 9.7,
13.6] vs. 11.5% [95% CI 11.7, 16.3]), and people
living alone versus in families (18.2% [95% CI
13.6, 24.4] vs. 14.1% [95% CI 11.0, 18.2]); those
that had education levels lower than primary
school had much higher prevalence of MCI
(17.2% [95% CI 12.2, 24.3]) when compared to
persons with higher levels of education. Studies
in this meta-analysis based on more recent
observation periods resulted in higher preva-
lence estimates (before 2005, 3.7% [95% CI 1.6,
8.7]; in 2005 or later, 14.1 [95% CI 12.4, 16.0])
[42]. One study of a rural area in Northern
China in 2015 reported prevalence of MCI and
AD, finding rates of 27.8% (overall MCI), 18.4%
(MCI due to AD), and 6.5% (AD) [41]. Another
national cross-sectional study of adults over the
age of 60 in China reported age- and sex-ad-
justed overall MCI prevalence of 15.5% (95% CI
15.2, 15.9) [37].

Preclinical Stages of AD

AD dementia develops by progression through
several stages, from no accumulation of toxic
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AP species to normal cognition with AR depo-
sition and then neurodegeneration (as evi-
denced by elevated CSF tau protein and
fluorodeoxyglucose (FDG) positron electron
tomography (PET) imaging), and subsequently
to MCI. According to a multistate disease
model, the lifetime risk of AD for a 60-year-old
person with normal cognition and no toxic AB
accumulation has been estimated to be 20.1%
(range 10.6-34.0%) among women and 13.9%
(range 6.9-25.1%) among men [43]. For patients
with AP deposition and neurodegeneration,
estimates of lifetime risk are 41.9% among
women and 33.6% among men, and for patients
with MCI, lifetime risk is more than twice that
of the earlier stage. By contrast, a much higher
percentage of patients with MCI due to AD were
estimated to progress to dementia (men 92.9%;
women 95.6%).

Prevalence estimates studied in a systematic
literature review that measured amyloid PET or
CSF in subjects with normal pathology showed
rates of 22% (CI 18-27%) and 21% (CI 15-29%)
for PET and CSF, respectively; however, preva-
lence rates across the studies including bio-
marker data ranged widely (7-48% for PET
studies, and 4-52% for CSF studies) [44]. Nev-
ertheless, results suggest that measuring
biomarkers is an important component of
identifying risk of progression from preclinical
AD to MCI and ultimately to AD dementia. In
the same systematic literature review, an anal-
ysis of the studies that provided data across NIA-
AA preclinical stages resulted in prevalence
estimates of 13% (CI 9-18%), 16% (CI 9-25%)),
and 5% (CI 3-9%) for stages 1, 2, and 3,
respectively.

Other research using the NIA-AA criteria has
estimated the prevalence of preclinical and
clinical AD by stage [36]. Rates were calculated
on the basis of a multistate Markov model with
data on incidence from longitudinal studies, as
well as mortality rates and population projec-
tions. Most cases with AD pathology (i.e., AB
deposition, CSF tau, and neurodegeneration
based on FDG-PET imaging) were preclinical,
with rates from this model declining from early
to later stages of AD owing primarily to attrition
from death (from age, other conditions, or
dementia). Projected 2060 prevalence estimates

increased across all stages from 2015, more than
doubling for each of the later stages: MCI due to
AD (2.4 million in 2017; 5.7 million in 2060),
early-stage AD dementia (2.1 million in 2017;
5.3 million in 2060), and late-stage AD demen-
tia (1.5 million in 2017; 4.0 million in 2060).
Prevalence estimates for preclinical AD also
increased in patients with Ap deposition only
(22.1 million in 2017; 31.9 million in 2060) and
in those with AP deposition and neurodegen-
eration (16.2 million in 2017; 30.2 million in
2060).

This multistate model was also used to assess
the impact of hypothetical disease-modifying
health interventions on forecasts. In one sce-
nario, an intervention delaying the annual risk
of progression to MCI by 50% resulted in a
decrease in the prevalence of MCI (from 5.70
million to 5.01 million) as well as a decrease in
the prevalence of AD dementia (from 9.3 mil-
lion to 6.95 million) [36].

Disease Progression

Progressive deterioration of cognitive function
in persons with AD varies according to the
affected elements of cognition. In an analysis of
data from 1495 adults with clinically diagnosed
AD dementia from the Geriatric Education and
Research in Aging Sciences (GERAS) study,
deterioration on both the Mini Mental State
Exam (MMSE) and the Alzheimer’s Disease
Assessment Scale-cognitive subscale (ADAS-cog)
showed a similar pattern of progressive decline
in which word recall and orientation were
affected first, with declines in attention and
concentration, language, constructional praxis,
and executive function occurring next, and
immediate memory deteriorating in severe AD
dementia [45]. A systematic literature review of
studies examining acceleration points in cog-
nitive decline showed that verbal memory def-
icits appeared first, followed by deficits in
visuospatial ability, executive functions, flu-
ency, and verbal 1Q [46].

Data on the risk of progression from pre-
clinical AD to MCI are sparse, but a systematic
literature review and meta-analysis (2011-2018)
included studies that provided progression data
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across the three preclinical NIA-AA stages [44].
Rates of progression increased across stages:
73% (95% CI 40-92%) at the preclinical AD
stage 3 (subtle cognitive decline with AD bio-
marker positivity), 38% (95% CI 21-59%) at
stage 2 (toxic AP accumulation and neurode-
generation), and 20% (95% CI 10-34%) at
stage 1 (toxic AP accumulation but asymp-
tomatic) [44]. The relative risk of progression
increased across stage and was over six times
higher at stage 3 (RR = 6.38; 95% CI 3.33-12.24)
compared to individuals with normal biomark-
ers [44]. Authors suggested that on the basis of
these data, NIA-AA stage 3 should be used along
with MCI due to AD in treatment decision-
making [44].

Data from studies of progression from clini-
cally diagnosed MCI to AD dementia have
shown that the majority of patients with MCI
either remain cognitively stable or revert to
normal values, versus progressing to AD
[11, 20, 47, 48]. However, comparing results
across studies can be challenging because of
inconsistent study designs, differing clinical
definitions of MCI, and differences in patient
populations [20]. For example, in a meta-anal-
ysis of 28 studies (through 2014) including 2365
patients with MCI, 38.7% progressed to AD
dementia over a mean follow-up of 31 months;
however, progression rates in the individual
studies varied from 6% to 39% per year.

One factor that has implications for esti-
mating progression rates is the subtype of MCI.
A meta-analysis of 33 studies (1999-2017) of
4907 patients with clinically diagnosed MCI
showed that approximately half of patients with
sd-aMCI or md-aMCI progressed (sd-aMCI odds
of progression to AD, 0.47; 95% CI 0.33, 0.66;
p < 0.001; md-aMCI odds of progression to AD
dementia, 0.52; 95% CI 0.36, 0.75; p < 0.001),
but that risk of progression was substantially
lower for patients with naMCI (sd-naMCI odds
of progression to AD dementia, 0.11; 95% CI
0.07, 0.16; p < 0.001; md-naMCI odds of pro-
gression to AD dementia, 0.18; 95% CI 0.11,
0.27; p < 0.001) [20]. This was also illustrated in
the prospective Australian Imaging, Biomarkers
and Lifestyle (AIBL) study in which patients
(n = 866) were classified by subtype of clinically
diagnosed MCI and then also by the severity of

their memory impairment [11]. After 3 years,
patients with aMCI were more likely than the
healthy controls to develop AD dementia (pos-
itive predictive value [PPV] 24.1%; 95% CI 18.4,
30.6), and risk increased with the severity of
memory impairment (gradel PPV =10.0%;
95% CI 5.1, 17.2; grade 2 PPV = 43.0%; 95% CI
32.8, 53.7) [11]. Patients with md-aMCI had a
higher risk of progression vs. sd-aMCI (PPV of
47.3%; 95% CI 33.7, 61.2 vs. PPV of 15.5%;
95% CI 10.1, 22.4), and risk also increased with
increasing severity of memory loss [11]. The
annual progression rates were 8.0% for aMCI,
5.2% for sd-aMCI, and 15.8% for md-aMCI [11].
Other studies have reported rates of progression
from clinically diagnosed MCI to AD dementia
varying from 18.3% (9 of 51 people) to 48.3%
(86 of 178 people) within 2 years [49, 50]. A
larger study found that 33.3% (181 of 544
patients) progressed from clinically diagnosed
MCI to AD dementia within a median of
46 months [51].

The progression rates reported in studies can
also be influenced by the source of recruitment
of patients: the aforementioned meta-analysis
of 33 studies also classified patients as commu-
nity-dwelling or from specialist clinics and
showed that rates of progression were higher for
patients from specialist clinics vs. community
samples (sd-aMCI, 40% vs. 18%; md-aMCI, 35%
vs. 21%) [20]. This concept was also demon-
strated in a systematic literature review and
meta-analysis of 59 studies (1999-2016) [52].
The overall progression rate (timeframe not
reported) from clinically diagnosed MCI (sub-
type not stated) to AD dementia (adjusted for
prevalence and weighted by follow-up time)
was 28% (95% CI 22, 33) and to dementia was
34% (95% CI 27, 40), with 45% (95% CI 34, 55)
remaining stable and 15% (95% CI 10, 19)
improving their status to normal [52]. When
the data were grouped according to community
vs. specialist clinic patients, progression to AD
was higher in the clinic sample compared to the
community sample (31% vs. 13%), which may
be due differences between clinic and commu-
nity populations [52].

Another confounding factor is that a sizable
percentage of healthy elderly adults score below
normal on at least one cognitive test when
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given a battery of tests [47]. In order to resolve
this issue, some researchers used the concept of
“base rate of low scores” (BRLS) to classify
patients from the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) database [47].
According to this approach, a person was
deemed to have MCI if their number of low
scores on a panel of cognitive tests was greater
than or equal to the number of the 10% of
worst-performing patients [47]. According to
these criteria, 34% of patients defined as MCI
progressed to AD dementia, compared to 22%
defined by the Petersen criteria, and 11% of sd-
aMCI and 29% of md-aMCI defined by the
Winblad criteria [47].

Several modeling studies have estimated the
progression of dementia severity in patients
with AD. An analysis based on patients from the
National Alzheimer’s Coordinating Center
(NACC) (n=3009) estimated that a starting
population of patients with mild (69.5%) or
moderate (30.5%) dementia would progress to
mild (38.6%), moderate (44.1%), or severe
(7.3%) dementia or death (10.0%) after 1 year
[53]. Another analysis based on a larger NACC
population (n = 18,103) estimated that patients
aged 65 years with mild AD dementia had a 25%
chance of progression to moderate (19%) or
severe (1%) dementia or death (4%) within
1 year, whereas those with moderate AD
dementia would have a 36% chance of pro-
gression to severe dementia (27%) or deal (9%)
[54]. Slightly higher progression rates were
estimated for patients aged 75 years. Unfortu-
nately, neither of these studies took patient
amyloid status into consideration. A more
recent analysis limited to AB-positive patients
estimated higher annual rates of progression.
Among AB-positive patients with mild demen-
tia, 45.1% of patients with progressed to mod-
erate (31.6%) or severe (4.3%) dementia or
death (9.2%) within 1 year. Among those with
moderate dementia, 59.8% progressed to severe
dementia (28.6%) or death (31.2%) [55]. These
analyses highlight the limitation of studying
AD progression without incorporating bio-
marker estimates including amyloid status.

Risk Factors for Disease Progression

Understanding risk factors associated with dis-
ease progression can help individual patients
make decisions regarding their future as well as
guide clinical development and use of treat-
ments for slowing progression [56, 57]. How-
ever, the factors noted previously that influence
data on reported rates of progression also are
likely to influence data on risk factors, some-
times resulting in conflicting results.

Some researchers have examined which tests
(neurocognitive or biomarkers) might be the
most valuable in identifying patients who are
likely to progress from clinically diagnosed MCI
to AD dementia or from mild to more severe AD
dementia. In the meta-analysis of 28 studies
(through 2014) that included 2365 patients
with MCI, described previously, the objective
was to evaluate the predictive value of neu-
rocognitive tests for progression to dementia
[48]. Five tests were shown to have excellent
(> 0.90) sensitivity and specificity: Adden-
brooke’s Cognitive Examination (a global mea-
sure), Visual Object and Space Perception
Silhouettes (visuospatial), Object Function
Recognition (language), and three tests of verbal
episodic memory (Face-Name Association Task;
Rey Auditory Verbal Learning Test, and Guild
Paragraph) [48]. The meta-analysis of 24 studies
(through 2018) that included 2689 patients
with clinically diagnosed MCI (primarily aMCI)
examined the ability of neuropsychological
testing to predict progression to AD dementia
[58]. A mean of 37% of these patients pro-
gressed to AD dementia [58]. Overall, patients
who progressed did worse on a variety of mea-
sures than did non-progressors, affirming the
relevance of neuropsychiatric testing [58]. In a
systematic analysis of 48 studies that examined
biomarkers in patients with AD dementia, little
information was available from studies with
follow-up of more than 2.5 years or with repe-
ated testing [59]. Although magnetic resonance
imaging (MRI) scan of whole brain or hip-
pocampal atrophy was the most common test-
ing measure, the investigators noted it is not
specific to AD [59]. In most studies, evaluation
of progression was based on cognitive testing,
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but there was no consensus on which tests or
combinations of tests were most valuable [59].
Risk factors for progressing from unimpaired
cognition to aMCI were evaluated on the basis
of data from approximately 1500 individuals in
the ADNI database [60]. Over 4 years, 17% of
unimpaired participants converted to aMCI
[60]. Significant risk factors for this conversion
were low hippocampal volume, a high CSF tau/
AB ratio, and a low memory score; neither
increasing age nor family history of AD was
significant [60]. The risk of conversion from no
impairment to aMCI increased with the number
of risk factors; participants with three risk fac-
tors had an estimated probability of developing
aMCI of 0.35 over 4 years of follow-up [60].
Multiple risk factors for progressing from
MCI to AD dementia have been proposed. A
meta-analysis of 53 studies with 12,396 patients
with AD dementia and 1934 with MCI exam-
ined progression risk [61]. For patients with
MCI, rapid progression to AD dementia was
associated with positive APOE4, greater white
matter hyperintensity volume, entorhinal cor-
tex atrophy, high CSF neurogranin levels, and
high dependency in instrumental activities of
daily living (IADLs) [61]. More engagement in
social activities and a higher body mass index
(BMI) were associated with slower progression
to AD dementia [61]. Evaluation of the ADNI
database showed that of patients with aMCI at
baseline, 35% had progressed to AD dementia
by 4 years [60]. Significant risk factors for pro-
gression were APOE4 positive, high FAQ score, a
low memory score, hippocampal atrophy, and a
high tau/AP ratio [60]. Risk increased with the
number of risk factors; participants with five
risk factors had an estimated probability of
developing aMCI of 0.90 over 4 years of follow-
up [60]. In a meta-analysis of 60 studies
(1966-2015) of patients with MCI, the greatest
risk factors for progression to AD dementia were
abnormal CSF tau, abnormal CSF tau/Ap ratio,
hippocampal atrophy, medial temporal lobe
atrophy, and entorhinal atrophy [62]. Other risk
factors were APOE4 positive, CSF total tau,
white matter hyperintensity volume, depres-
sion, diabetes, hypertension, older age, female
gender, lower MMSE score, and higher ADAS-
cog score [62]. Protective factors were high BMI

Table 3 Factors shown to increase risk of AD

Risk factor

Hippocampal atrophy

Medial temporal atrophy
Entorhinal atrophy
Abnormal CSF tau

White matter hyperintensities
Abnormal CSF tau/Ap ratio
APOE4

Increasing age

Female sex

Low memory/MMSE scores
High ADAS-cog score

High dependency/IADL score
High FAQ score
Neuropsychiatric symptoms
Hypertension

Depression

AD  Alzheimer’s disease, ADAS-cog Alzheimer Disease
Assessment  Scale—cognitive subscale, F4Q Functional
Activities Questionnaire, JADL Instrumental Activities of
Daily Living, MMSE Mini-Mental State Exam

and higher auditory verbal learning test delay
score. Individuals with a combination of risk
factors had an even greater risk for progression
[62]. It has been demonstrated that declines in
both cognitive and financial skills in patients
with clinically diagnosed MCI are significant
predictors of clinical progression [S0].

Many studies have attempted to identify risk
factors for progression from mild to more severe
AD dementia. Several factors increasing the risk
of AD dementia have been identified in this
review (Table 3). There are conflicting results for
some factors (e.g., age, comorbidities, education
level), but many studies agree that atrophy in
various brain regions, poor baseline memory
and ADAS-cog scores, and abnormal CSF
biomarkers are risk factors [49]. Other potential
factors that vary by AD dementia severity
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include hair cortisol levels, which have been
observed to be higher in patients with more
severe dementia compared to those with mild
dementia, and salivary IgA levels, which exhibit
the inverse pattern [63]. Systemic inflamma-
tion, as evidenced by consistently elevated
concentrations of inflammatory biomarkers and
cytokines, has been observed in patients with
AD dementia [64]. However, inflammatory
biomarkers have not always been associated
with measures of clinical disease progression in
patients with clinically diagnosed MCI or AD
dementia [65]. A recent study in a small number
of patients (n = 39 patients with AD dementia
and n =21 healthy controls) found that the
levels of oligomeric AP in nasal discharge were
higher in patients with AD dementia and that
the presence of specific A oligomers could
distinguish between patients with mild and
moderate cognitive dysfunction [66].

Some analyses have focused on factors asso-
ciated with rapid or slow decline. The previ-
ously described systematic literature review of
53 studies of patients with MCI and AD
dementia reported that risk factors for rapid
progression in patients with dementia were
APOEA4 positive, early age at onset, higher level
of education, early appearance of extrapyrami-
dal signs, and neuropsychiatric conditions [61].
Factors such as age > 75 years, diabetes, and
multidrug therapy lowered the risk of rapid
progression [61]. In the Impact of Cholinergic
Use (ICTUS) study, a prospective study in 12
European countries that followed 1005 patients
with AD dementia, a worse baseline ADAS-cog
score was significantly associated with rapid
decline, while increased age at baseline was a
protective factor [57]. The Progression of Alz-
heimer’s Disease and Resource use (PADR) study
evaluated 282 Norwegian patients with AD
dementia for a mean of 2 years [67]. Over 40%
of patients progressed slowly (47% by change in
Clinical Dementia Rating Scale-Sum of Boxes
[CDR-SB] and 44% by change in MMSE) [67].
Baseline factors associated with slower progres-
sion on the CDR-SB were younger age at diag-
nosis, higher education, better IADL function,
better scores on cognitive tests, used fewer
drugs, and 1-point lower CSR-SB score, while
better scores on cognitive tests and better CDR-

SB score were associated with slower progression
on the MMSE and IADL [67].

The Canadian Outcomes Study in Dementia
(COSID) evaluated overall progression using
data from 488 patients with AD dementia [68].
After adjustment for age, patients who pro-
gressed were significantly more likely at base-
line to have poorer cognition, greater
dependence, and more neuropsychiatric symp-
toms [68]. Male sex and having a worse baseline
Global Deterioration Scale (GDS) score were
significant protective factors [68]. A systematic
literature review of 11 studies (to 2016) evalu-
ating the influence of comorbid conditions on
progression of late-onset AD dementia [56]
found associations between comorbidities and
declines in cognitive function and functional
abilities, as well as increases in neuropsychiatric
symptoms [56]. Other studies have examined
specific factors protective or predictive of clini-
cal progression. Blood pressure variability [69]
has been proposed as a risk factor for progres-
sion, and cognitive reserve (e.g., 1Q prior to
disease onset) [70] has been proposed as a pro-
tective factor. A recent analysis of healthy con-
trols (n=318) and individuals with MCI
(n = 168) or AD dementia (n = 269) found that
neuroinflammation (as evidenced by transloca-
tor protein (TSPO) identified during PET)
increases with more severe AD dementia [71].
Compared with healthy controls, individuals
with MCI had increased TSPO levels in the
neocortex and those with AD had even greater
levels of TSPO present throughout the brain
[71]. There was a significant inverse association
between TSPO levels in the parietal region of
the brain and MMSE scores (p = 0.024) [71].

DISCUSSION

This review of the literature on epidemiology
and clinical progression of AD underscores the
importance of identifying patients who are
most at risk of developing AD dementia. The
worldwide toll of AD is evidenced by rising
prevalence and mortality due to AD dementia.
With many countries experiencing population
aging, the prevalence of AD dementia continues
to rise, thereby increasing the already
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substantial clinical and socioeconomic burden
of this disease. The state of knowledge regarding
AD epidemiology suggests that clinicians will
face significant and increasing numbers of
patients presenting with potential risk factors
for progression to clinical AD, and thus will
need to have the capability to identify patients
early in the disease process who are most likely
to benefit from treatment. However, studies of
AD prevalence, incidence and mortality face
challenges in diagnosis as well as classification
of disease stage.

The criteria developed to classify patients into
categories of preclinical AD, MCI due to AD, and
AD dementia, while aligned in some ways, vary
enough to prevent accurate comparisons across
studies of epidemiology and progression risk. It is
particularly difficult to distinguish MCI with AD
etiology from MCI due to other etiologies such
as CVD and Lewy body dementia.

The risk of dementia increases with stages of
progression, from normal cognition with no Af
deposition to AB deposition, hyperphosphory-
lated tau, and neuronal injury, and subsequently
to MCI due to AD. More research is needed to
understand the spectrum of disease from preclin-
ical AD to clinical dementia. While data on pro-
gression of preclinical AD to MCI are sparse,
evidence is available on the progression from MCI
to dementia [11, 20, 44, 47, 48]. Current research
suggests that almost 40% of patients with clini-
cally diagnosed MCI progress to AD dementia
over an average of 18 months [48]. Key risk or
protective factors for progression to AD dementia
from clinically diagnosed MCI include MCI sub-
type (e.g., aMCI, naMCI), poor performance on
various neurocognitive tests, and biomarkers such
as abnormal CSF tau or tau/Ap ratio, APOE4 posi-
tive status, white matter hyperintensities, and
atrophy in the hippocampal, medial temporal, or
entorhinal regions [20, 58, 61]. Newer emerging
treatments are more likely to prevent or delay
further progression of AD dementia than to
reverse it [11].

Unfortunately, most of the literature on AD
reports on patients diagnosed on the basis of
clinical criteria such as the DSM-IV, the 1984
National Institute of Neurological and Com-
municative Disorders and Stroke (NINCDS)/
Alzheimer’s Disease and Related Disorders

Association (ADRDA), or the 2011 NIA-AA
[12-14, 72,73]. To treat individuals most likely to
benefit from a DMT, it is important for clinicians
to have the ability to identify patients at risk of
AD in early stages, prior to progressive deterio-
ration. Biomarker identification added to neu-
rocognitive testing will be an increasingly
important component of diagnosis and mea-
surement of progression and is likely to improve
the ability of practicing clinicians to identify
patients who will experience a treatment benefit.

CONCLUSION

AD dementia incidence and prevalence are high
worldwide and likely underestimated. Recent
studies show that the risk of AD dementia is
significant among older people with normal
pathology and increases with progression from
normal pathology to neurodegeneration and
MCI. Studies of AD remain challenged by dis-
ease classification due to differential diagnosis,
multiple biomarkers and neuropsychiatric tests,
and variation in consensus criteria. As new
DMTs are introduced, clinicians will require
combinations of diagnostic approaches to
identify patients with preclinical AD and MCI
due to AD and to assess the impact of treatment
on slowing progression.
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