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Introduction: Frailty and dementia appear to be closely linked, although mechanisms remain un-
clear. The objective was to conduct a scoping review of the association between frailty and Alz-

Methods: Three databases, PubMed, PsycINFO, and Embase, were searched for articles using the
following search terms: “frail elderly”, “Alzheimer’s disease”, “dementia biomarkers” and their syn-
onyms. Inclusion was limited to original research in humans published before 2017, which included a
frailty measure and AD biomarker (fluid markers, neuroimaging, and neuropathology).

Results: Five hundred twenty-two articles were identified and screened; 10 were included. Most
were cross-sectional (n = 6), measured the frailty phenotype (n = 6), and included people with de-
mentia (n = 7). Biomarkers examined were postmortem AD pathology (n = 3), brain atrophy (n = 5),
and in vivo fluid markers (n = 2). Eight studies reported that increased frailty was associated with at

Discussion: Evidence is limited and suffers from design limitations but suggests that frailty and AD
biomarkers are closely linked. Longitudinal research examining multiple biomarkers and frailty is
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heimer’s disease (AD) biomarkers in humans.
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1. Introduction

An intriguing challenge in understanding how Alz-
heimer’s disease (AD) develops and is expressed is that
the correlation between the so-called “neuropathological
hallmarks” of AD (notably accumulation of abnormal amy-
loid-B [AB] and tau protein deposits) and cognitive decline is
relatively weak. That is, cognitively intact people can exhibit
high burdens of neuropathological lesions [1], and people
with severe dementia may exhibit comparatively little
neuropathology [2]. A promising opportunity therefore lies
in understanding what influences an individual’s ability to
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tolerate neuropathological features of AD; that is, to under-
stand why some people with high neuropathological burden
do not experience dementia.

Frailty and dementia are closely linked; both are strongly
associated with age and adverse health outcomes [3-6].
Frailty has been described as physiologic vulnerability
evidenced by reduced capability to repair/respond to
internal or external stressors or insults and can be thought
of as a measure of biologic aging [7,8]. Several studies
have linked cognitive impairment or presence of dementia
with frailty. A study by our group found that the frailer an
individual, the more likely they were to exhibit dementia
[9]. Similarly, studies from the Rush Memory and Aging
Project (some of which are featured below) on the relation-
ship between cognition and frailty have reported that base-
line frailty level, as well annual change in frailty, was
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associated with incident risk of AD [5], mild cognitive
impairment [7], and rate of cognitive decline [8].

Frailty and AD might be related in many ways. They may
share the underlying pathophysiology, such as inflammatory
or stress responses. For example, inflammatory processes
have been demonstrated to be intrinsic to both frailty
[9,10] and cognitive decline [11]. Another intriguing idea
is that both frailty and neuropathology may arise as a conse-
quence of aberrant repair mechanisms [5,12]. That is, with
time and environmental insults, redundancy in
mechanisms that respond to and/or repair problems break
down and therefore damage accumulates. The mechanism
of interest is whether- and if so, how- frailty can impact
the disease expression of AD, such that people can either
reduce the presence of abnormal biomarkers, or somehow
be better able to tolerate those abnormalities.

The evidence suggests the presence of these “bio-
markers” is correlated with the development of dementia;
but how they might cause it remains unclear. It is possible
that frailty interacts with the pathophysiologic process to in-
fluence the “tolerability” of biomarkers (i.e., their ability to
produce cognitive impairment), accounting for the heteroge-
neity seen clinically. Frailty as a conception model of de-
mentia can integrate risk factors, progression, sensitivity
and specificity, and high prevalence of mixed pathology;
all of which have been challenging the traditional models
of AD [13].

To date, the several reviews of the relationship between
frailty and dementia [14,15] have yet to focus on the
association between frailty and the neural correlates of
dementia. Therefore, our objective in undertaking this
scoping review was to summarize published evidence on
the relationship between frailty and biomarkers of AD and
to point out gaps in the literature.

2. Methods
2.1. Scoping review methodology

To map the existing literature, we chose to conduct a
scoping review. A scoping review differs from a systematic
review, in which instead of assessing the literature to provide
an answer to a specific question, it systematically surveys the
literature, quantitatively synthesizes what has been done,
and summarizes the gaps in the literature of a certain field
of research. As the area of biomarkers and frailty in demen-
tia is relatively new, to date, there are no systematic reviews
on this topic. A scoping review was therefore undertaken to
examine the extent, range, and nature of research activity in
this area, to draw attention to areas where more research is
needed. The methodology does not significantly differ
from a systematic review, though publications are not
excluded based on study design, and quality assessments
of each study are not undertaken. Typically, a scoping review
precedes a systematic review to survey the literature and
identify relevant research questions to be answered by a later

systematic review. Furthermore, a scoping review does not
aim to aggregate findings using meta-analysis but rather
maps the literature to date to identify themes, trends, and
gaps [16,17].

2.2. Search strategy

Three databases (PubMed, PsycINFO, and Embase) were
searched for articles published as of January 2017. As the
objective of our review was to identify articles that measured
both frailty and AD biomarkers in the context of dementia,
search terms were chosen accordingly; three arms of the
search strategy (“frailty”, “biomarkers” and “dementia”
and their synonyms) were developed and intersected by us-
ing the Boolean term “AND”. See Supplementary Table 1 for
full list of search term combinations by database. The cita-
tions from the search strategy of the three databases were im-
ported to DistillerSR (Evidence Partners Inc., student
version) software to manage the screening process and
data extraction.

2.3. Screening

Two sequential levels of article screening were under-
taken (Fig. 1): (1) review of titles and abstracts; and (2) re-
view of full-text articles. Two members of the review team
independently screened all articles at each level. Any
disagreement between reviewers was reconciled by
consensus.

Inclusion criteria were as follows: (1) articles must be
original research; (2) involve human subjects; (3) methods
must identify measurement of an AD biomarker, as per
the McKhann et al. [18] definition (i.e., AP or tau fluid
or stain measurements, Pittsburgh compound-B positron
emission tomography amyloid imaging, fluorodeoxyglu-
cose positron emission tomography imaging, and struc-
tural magnetic resonance imaging showing atrophy
[18,19]); and (4) articles must include a method or tool
for assessing frailty, as stated by the author. As our
purpose was to be as broad as possible, we included
studies that used tools that the authors identified as a
frailty measure, even if the tool was not specifically
designed for that purpose. Articles were excluded if
they were published in a language other than English or
French.

2.4. Data extraction

Data extraction consisted of abstraction of 18 data
points, including study design, sample size, average age
of participants, how frailty and biomarkers were
measured, and other pertinent variables for analysis (see
Supplementary Table 2 for complete list). Data were ex-
tracted by both reviewers independently using a form in
the Distiller program, with any disagreements resolved
by consensus. Data were then exported to a database file
(Microsoft Excel, version 15.18).
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Fig. 1. Flowchart illustrating inclusion process.
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3. Results

Our search strategy identified 522 articles from all three
databases. After importing references to the systematic re-
view manager, 120 articles were excluded due to duplica-
tion. Reviewers randomly hand checked these references
to ensure whether the algorithm for duplicate detection
was accurate. In the title and abstract (level 1) screening,
402 articles were screened, and 314 articles were excluded;
in the full-text (level 2) screening, 88 articles were screened,
of which 78 were excluded, leaving 10 published articles to
be included for data extraction in this scoping review

(Fig. 1).

3.1. Descriptive characteristics

A total of 2779 participants were included across the
included studies, with the average age ranging from 50.6
[20] to 88.1 [21] years. Of the analyses that reported sex
(9/10), the proportion of women ranged from 11% [20] to
74% [22]. Six were cross-sectional design [15-20], and all
were published between 2008 and 2016. Two articles
included participants with no dementia at baseline [11,21],

three analyses included people with and without dementia
at baseline [20,23,24], and three analyses restricted their
participants to only those with some form of cognitive
impairment [17,18,25]. Two additional analyses did not
restrict their sample based on dementia status [15,20].
Most articles (8/10) examined the direct relationship
between frailty and biomarkers [12,20-28]. Study
characteristics and summaries obtained from data
extraction can be found in Table 1.

3.2. Frailty measurement

Seven of the 10 studies utilized validated frailty mea-
sures, including the Fried frailty  phenotype
[11,15,16,21,22,25] and the Edmonton frail scale [20]; out
of the six Fried phenotype measures, four modified the scale
and did not appear to validate the modification
[11,16,21,25]. Admittedly, the measurement of frailty,
especially in relation to dementia, is not without its
challenges. It has been previously demonstrated that
modifications to the frailty phenotype may greatly affect
prevalence estimates and outcomes [23]. Furthermore,



Table 1

Characteristics of included studies

Article citation

Sample size
(% female; %
CI at baseline)

Average age
of participants
at baseline

Study design;
average length
of follow-up
(years)

Study/database

Frailty

Biomarker measured measurement

Main finding

Koch et al., Neurolog
Disorders 2013

Gabelle et al.,
Alzheimers
Dement 2014

Burns et al.,
Neurology 2008

Yamada et al.,
Geriatr
Gerontol Int 2013
Tay et al., ] Nutr
Health Aging 2015

Kallianpur et al.,
Open Med J 2016

Del Brutto et al.,
Geriatr Gerontol
Int 2016

Buchman et al.,
Neurology 2008

Buchman et al.,
Neurology 2013

Buchman et al.,
J Gerontol A Biol
Sci Med Sci 2014

72 (sex not reported; 69.9 + 7.0
100% mild-
moderate AD)

1147 (60.0%; 43% MCI) 73.0 = 4.9

121 (54%; 47% early AD) 73.5 = 6.5

31 (74%; 35% MCI, 789 £17.3
65% mild AD)

99 (35.4%; 16% MCI, 76.6 = 6.7
69% mild AD,
15% moderate AD)

35 (11%; all with 50.6 = 6.8
HIV for
15.3 = 7.3 years)

298 (57%; not reported) 70 £ 8

164 (56.4%; 88.1 £5.7
35.8% MCI or AD)

791 (65.7%; 0% AD) 81.5 £ 6.7

976 (72.5%; 0% AD) 78.5 = 7.7

Cross-sectional

Nested case-
cohort; 5.7

Cross-sectional

Cross-sectional

Prospective
cohort study, 1.0

Cross-sectional

Cross-sectional

Cross-sectional

Longitudinal
cohort; 6.0

Longitudinal
cohort; 6.4

Tertiary Care Centre
in Rome, Italy

French 3-City study
(Bordeaux, Dijon,
Montpellier)

Brain Aging Project
(Kansas, USA)

Memory clinic
data from Kyoto,
Japan

Memory clinic
data from
Singapore

Hawaii Aging
with HIV Cohort-
Cardiovascular
Disease Study

The Atahualpa
Project

Religious Orders
Study/Memory and
Aging Project (USA)

Religious Orders
Study/Memory and
Aging Project (USA)

Religious Orders
Study/Memory and
Aging Project (USA)

CSF: Ay, p-tau,
t-tau levels

Rapid or slow
progressing
AD (based
on MMSE)

Blood plasma: Fried Phenotype

AP (40,42,40/42) levels

Normalized whole Physical
brain volume Performance
Test
Global brain atrophy Physical
index (VBM) Performance
Test
Medial temporal atrophy Modified Fried
(T1 MRI, consensus Phenotype

based 0-4 score)

12 normalized regional
volumes (T1 MRI)

Fried Phenotype

Global Cortical
Atrophy (1.5T T1 MRI),
‘White Matter
Hyperintensity (T2 MRI)

Edmonton
Frail Scale

Post mortem index Modified Fried
of AD pathology Phenotype
Postmortem index Modified Fried
of AD pathology Phenotype
Postmortem index Modified Fried
of AD pathology Phenotype

AD progression significantly associated with
t-tau, but not p-tau or APy, in one-way
ANOVAs.

Frailty did not significantly influence the
relationship between plasma AB and
mortality in Cox regression models.

Frailty did not influence the relationship
between whole brain atrophy and
cardiorespiratory fitness (VO, peak) in
linear regression models.

Global brain atrophy was significantly
correlated with frailty.

Baseline frailty and medial temporal atrophy
were significantly related, but 1-year
change in frailty was not associated with
baseline atrophy in regression models.

Regional brain volumes (thalamus and
caudate) were positively and negatively
associated with grip strength, respectively;
while cerebellar white matter and
subcortical gray matter were negatively
associated with walking time.

More cortical atrophy was associated with
increased frailty; age appeared to produce
an interaction at 67 years.

AD pathology was significantly associated
with frailty status in adjusted linear
regression models, no interaction with
dementia diagnosis.

AD pathology was associated with frailty
progression over 1 year in adjusted mixed
effects models, no interaction with
dementia diagnosis. AD pathology
explained 8% of the variance in frailty
progression.

Rate of frailty progression, and rate of
cognitive decline were both significantly
associated with AD pathology, and their
change was correlated, suggesting a shared
pathologic basis.

Abbreviations: AD, Alzheimer’s disease; ANOVA, analysis of variance; AP, amyloid B; CI, cognitively impaired; CSF, cerebrospinal fluid; MMSE, Mini-Mental State Examination; MRI, magnetic resonance
imaging; p-tau, phosphorylated tau; t-tau, total tau; VBM, voxel based morphometry.
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many of the items in the frailty phenotype have been individ-
ually linked with dementia risk, which impedes the ability to
accurately capture whether multisystem impairment and
physiologic vulnerability are truly the culprits [3].

Three studies did not use validated frailty tools to mea-
sure frailty; two studies used the Physical Performance
Test [17,19], and one created their own AD progression
measure for the purpose of their study [25]. Although the
Physical Performance Test is a validated tool, it does not
meet the criteria for a frailty tool as it is limited to one
domain of physical health. Some studies have shown that
mobility may be an appropriate screening tool for frailty,
though consensus on this has not been established [29].

Overall, measurement of frailty was limited in the studies
reviewed here; some measures of frailty focused on only one
system or domain of function (e.g., mobility), whereas
others modified previously established and validated tools
without repeating validation.

3.3. Biomarker measurement

Biomarkers included in the articles analyzed here were
roughly drawn from the recommendations report published
in 2011 [18]. This list includes dementia biomarkers that
have the most evidence for links with the AD pathophysio-
logical process. Of the ten included articles from which
data were extracted, three examined postmortem neuropath-
ological data, (although all originated from the Religious Or-
ders Study and Memory and Aging Project [12,21,27]), and
five examined magnetic resonance imaging data to obtain
brain atrophy estimates [20,22,23,26,28]. The other two
examined protein levels in cerebrospinal fluid [25] and blood
plasma [24].

3.4. Relationship between frailty and biomarkers

We examined the relationship of each biomarker class
(fluid, neuroimaging, and neuropathological) with frailty
for two main reasons: (1) to understand whether the relation-
ship between frailty and dementia biomarkers differed ac-
cording to when each biomarker appears in the
pathophysiologic trajectory [30]; and (2) to better appreciate
how frailty and dementia biomarkers may influence each
other along the disease course.

Of the studies that measured the direct relationship be-
tween AD biomarkers and frailty [12,20-22,25-28], all
reported positive relationships: that is, increased frailty
was associated with increased levels of AD biomarker
abnormality, but the strength of this evidence varied by
biomarker type. Correlations between frailty and fluid
markers were weak, though more research is needed in
this area to facilitate any sort of firm conclusion. In four
studies [20,22,26,28] measures of brain atrophy were
significantly associated with frailty. Despite the limitations
of the individual studies, this consistent finding is not
surprising: measures of brain atrophy likely reflect broad

neurodegenerative processes and are less specific than
fluid markers. Postmortem neuropathology was more
closely related to frailty of all the biomarkers. This should
be interpreted with caution given that all results were
obtained from the same study (Rush MAP). Even so, AD
pathology has also been found to predict cognition in
individuals with and without cognitive impairment
[28,29,31], which may suggest that neuropathology is
more closely related to frailty and ageing than clinical
dementia. The two studies that examined indirect
relationships, that is, how frailty influenced the
relationship between AD biomarkers and mortality [24]
and cardiorespiratory fitness [23], were more equivocal
and reported no effect of frailty. This warrants further
research to better understand how frailty interacts with
neuropathology to produce adverse health outcomes.

Many of the studies summarized here overlook the com-
plex nature of the interaction between biomarkers of AD and
frailty over time. Given the evidence, it is likely that their in-
teractions are bidirectional, and the nature of these interac-
tions changes over time and are influenced by other
internal and external factors [32]. Although investigations
by the Rush group have examined some of these dynamics,
further work is necessary in longitudinal data sets to examine
directions and rates of change and how changes are related.
Embracing the complexity of interactions between brain and
bodily health over the life course is a crucial step in
improving the design of dementia studies in the future and
maximizing clinically relevant outputs [33].

3.5. Limitations of included studies

Most studies included this review were cross-sectional.
Cross-sectional studies are limited in only being able to
establish correlative and not causative relationships. While
they still contribute to the literature and give a useful snap-
shot of a relationship at crucial time points, longitudinal an-
alyses are needed to better understand how disease develops
and progresses. Given the hypothesis that neuropathology,
frailty, and some forms of cognitive decline begin decades
before clinical dementia is apparent [34], understanding in-
teractions between these variables over time will be a key to
understanding dementia etiology and expression over the
life course.

Of the studies included in this review, many suffer from
small sample size and therefore it is possible that they are un-
derpowered. It must be noted that when drawing samples for
biomarkers, whether it be magnetic resonance imaging, ce-
rebrospinal fluid, blood plasma, or postmortem brain au-
topsy, large numbers of participants are difficult to achieve
for two main reasons: (1) they are relatively invasive and
require a significant commitment on behalf of the partici-
pant; and (2) they are very costly.

Another important feature missing in many of the
studies presented here is a range of baseline cognitive pro-
files; many only sample participants of the same cognitive
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status. When considering how dementia comes about, it is
impossible to ignore that it largely occurs in people who
are older and have several other health problems. Typically,
in epidemiological and basic science studies, as well as
clinical trials, people with multiple interacting health prob-
lems are excluded from study because they threaten the pu-
rity of the mechanism being studied (considering that most
of these inquiries are examining single-mechanisms in the
first place). The relative lack of variation in cognitive and
physical profiles at baseline limits the generalizability of
the findings.

In the studies reviewed here, measurement of frailty was
limited; some measures of frailty focused on only one sys-
tem or domain of function (i.e., mobility or cognition),
whereas others modified previously established and vali-
dated tools (i.e., frailty phenotype). This may significantly
influence results as differences in frailty measurement
greatly affect prevalence estimates and outcomes [31].

4. Discussion
4.1. Summary of findings

This scoping review suggests that evidence relating AD
biomarkers and frailty in this area is at only an early stage
of understanding. Ten studies (including all eight that exam-
ined their direct relationship) suggest that frailty and AD
biomarkers are positively related and interact over time.
The gaps in literature that this review identified include the
lack of studies that are large and longitudinal in design
and measure multiple biomarker types and have broad inclu-
sion criteria (i.e., not limiting inclusion to people who have
dementia). Data sharing and collaborative studies will be
useful to address these gaps.

Although very few studies have evaluated the relation-
ship between AD biomarkers and frailty, their findings
are important as they may help account for the vast hetero-
geneity seen in AD; frailty may explain some of the vari-
ance in the relationship between AD biomarkers and the
cognitive and clinical symptoms. This review supports an
emerging theme in AD research: the transition from the
view of AD as a single-cause disease entity to a multidi-
mensional phenomenon with complex and heterogeneous
etiology [3]. Our findings here also highlight the dearth
of evidence in this area, and we hope that this serves as
a catalyst in moving this research area further to better un-
derstand mechanisms and therefore, improve prevention,
treatment, and management.

4.2. Limitations of scoping review

Our findings should be interpreted with caution. Our
review excluded seven articles not written in English or
French, potentially biasing results. Furthermore, we
chose to do a scoping review, an approach that omits
quality assessments of the articles. Likely, the largest

limitation of this review is the dearth of evidence avail-
able for review.

4.3. Comparison with other literature

This is the first article to our knowledge to examine the
relationship between AD biomarkers and frailty. This
work builds on previous bodies of work linking cognitive
decline with AD biomarkers, and with frailty. Specifically,
poorer cognition has been linked with increased levels of
AP using cerebrospinal fluid markers [35] and positron
emission tomography in cognitively intact [36] and
demented individuals [37,38], as well as increased levels
of AB deposition on autopsy [39]. Similarly, epidemiolog-
ical studies have demonstrated that cognition and demen-
tia incidence has been associated with increased frailty in
community-dwelling [9,11,40] and continuing care
populations [9,11]. Our work here demonstrates that
these constructs are importantly linked and begs the
question of how and/or what mechanisms are
responsible for this relationship? Previous frailty
research suggests that aberrant repair mechanisms may
show some promise in understanding the failure of
higher order systems in the body [32]. Similarly, systemic
factors such as chronic inflammation and cellular senes-
cence may provide additional insight [41]. This will be
an important area of future research to better understand
cognitive decline and dementia development in AD.

4.4. Gaps in research and future directions

The dearth of longitudinal evidence here points to a need
to invest in longitudinal observational studies of dementia
development that consider ageing. One of the most expe-
dient ways to accomplish this goal will likely be to include
measurement of dementia biomarkers (neuroimaging and
autopsy option) in existing population-based ageing studies
such as the Canadian Longitudinal Study on Aging, the En-
glish Longitudinal Study on Aging, the Survey of Health
And Retirement in Europe, and the Beijing Longitudinal
Study on Aging, among others. Along these lines, data
sharing will become an inevitable feature of continued qual-
ity research in this area.

As mentioned previously, most studies here to do not
examine a range of baseline cognitive and physical profiles,
which limits the generalization of their results and makes it
harder to understand the complex mechanisms of AD devel-
opment. A proper antidote to this challenge will be to
examine community and population-based samples of indi-
viduals with a wide range of cognitive function and health
status, to better understand how dementia arises in a more
ecologically sound manner.

As noted in the results, frailty measurement in the
included studies was a significant limitation. Future investi-
gations of dementia biomarkers and frailty should consider
using standardized and validated multi-system frailty
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measures. Of particular interest will be how deficit accumu-
lation is related to the manifestation of dementia biomarkers
and how they may interact to influence dementia expression.

Furthermore, when considering which dementia bio-
markers may be plausible in the context of AD, it is crucial
to consider the criteria for a candidate biomarker. A true
biomarker should be internally and externally valid [42]. It
is unlikely that any of the proposed indicators actually
constitute veritable biomarkers, and attention should be
drawn to the clinical utility of this biomarker search
[39,40]. Given the complexity, heterogeneity, harms, and
cost of measuring many of these biomarkers, we should
consider whether the pursuit of tools such as this to detect
risk for AD early is a valuable one.

Overall, future research should focus on longitudinal data
collection in population-based samples, where biomarkers
of all stages (fluid, imaging, and pathological) are collected
and analyzed to establish the veracity of the continuum
approach [30]. Embracing the complexity of interactions be-
tween brain and bodily health over the life course is a crucial
step in improving the design of dementia studies in the future
and maximizing clinically relevant outputs [33].

5. Conclusions

This scoping review of frailty and dementia biomarkers is
meant to be a starting point to summarize research in this
area, generate hypotheses, and direct future research.
Briefly, it has uncovered three critical points: (1) there is a
dearth of evidence in this area; (2) the few studies that
have investigated this suffer from important challenges
that limit generalizability; and (3) despite this, there does
appear to be a relationship between frailty and AD bio-
markers and more work in this area requires thoughtful
design to uncover novel mechanistic insights regarding
AD etiology and expression; and (4) gaps in the current liter-
ature suggest that large, longitudinal studies of adults with
varying cognitive profiles (i.e., not just those who are already
suffering from dementia) and measure frailty as well as mul-
tiple biomarkers will be needed to better understand how de-
mentia develops and how frailty may be implicated. The
field of AD research is ripe for a change in conceptualization
of the process leading to dementia expression and examining
the influence of frailty may be a useful way to achieve this.
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RESEARCH IN CONTEXT

1. Systematic review: Frailty and dementia are closely
linked; previous reports have demonstrated a strong
relationship between frailty and cognitive decline.
Furthermore, cognitive impairment and dementia
are significantly related to Alzheimer’s disease
(AD) neuropathology. A dearth of evidence exists
on how these mechanisms may interact, that is,
how frailty may influence disease expression in the
context of AD.

2. Interpretation: Our findings suggest that frailty and
AD biomarker abnormalities are positively associ-
ated. Furthermore, it is clear that more research is
needed in this area to make more supported mecha-
nistic conclusions.

3. Future directions: An undertaking of longitudinal
population-based studies where biomarkers of all
stages are analyzed will allow us to better elucidate
how frailty may influence AD expression.
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