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SUMMARY

Keywords

Alzheimer's disease (AD) is a neurodegenerative disorder that affects millions worldwide and is
expected to surge in prevalence due to aging populations. Frailty, characterized by muscle function
decline, becomes more prevalent with age, imposing substantial burdens on patients and caregivers.
This paper aimed to comprehensively review the current literature on AD coupled with frailty,
encompassing prevalence, screening, assessment, and treatment while delving into the field's
challenges and future trajectories. Frailty and AD coexist in more than 30% of cases, with hazard
ratios above 120% indicating a mutually detrimental association.Various screening tools have emerged
for both frailty and AD, including the Fried Frailty Phenotype (FP), FRAIL scale, Edmonton Frailty
Scale (EFS), Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA),
Clock Drawing Test (CDT), and General Practitioner Assessment of Cognition (GPCOG). However,
none has solidified its role as the definitive gold standard. The convergence of electronic health
records and brain aging biomarkers heralds a new era in AD with frailty screening and assessment. In
terms of intervention, non-pharmacological strategies spanning nutrition, horticulture, exercise, and
social interaction, along with pharmacological approaches involving acetylcholinesterase inhibitors
(AChEIs), N-methyl-D-aspartate (NMDA) receptor antagonists, and anti-amyloid beta-protein
medications, constituted cornerstones for treating AD coupled with frailty. Technological interventions
like repetitive transcranial magnetic stimulation (rTMS) also entered the fold. Notably, multi-domain
non-pharmacological interventions wield considerable potential in enhancing cognition and mitigating
disability. However, the long-term efficacy and safety of pharmacological interventions necessitate
further validation. Diagnosing and managing AD with frailty present several daunting challenges,
encompassing low rates of early co-diagnosis, limited clinical trial evidence, and scarce integrated,
pioneering service delivery models. These challenges demand heightened attention through robust
research and pragmatic implementation.

Alzheimer's disease, frailty, epidemic, screening, intervention, challenge

1. Introduction

Alzheimer's disease (AD) is the most prevalent form
of dementia, representing a neurodegenerative disorder
characterized by a gradual onset and the progressive
deterioration of cognitive and functional capacities.
According to the 2018 Global Alzheimer's Disease
Report by Alzheimer's Disease International (ADI), the
worldwide population living with dementia exceeded 50
million individuals, with projections estimating a surge
to 152 million by 2050 (/). Approximately 60—70% of
those cases can be attributed to AD. Frailty emerges as

a syndrome denoting heightened vulnerability in older
adults, encompassing factors like co-morbidities such as
hypertension, diabetes, and heart disease (2).

Recent investigations have highlighted a robust
correlation between frailty and AD. In their study,
Kojima et al. unveiled a staggering 31.9% prevalence
of frailty in patients exhibiting mild to moderate AD.
Moreover, frailty exhibited strong links to cognitive
decline, functional disability, mortality, and various
other adverse health outcomes (3). A comprehensive
systematic review led by Grande ef al. underscored that
the risk of dementia development surpassed fivefold
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Figure 1. Epidemic of Alzheimer's disease (AD) from 1990-2019.

Data source: http://ghdx.healthdata.org/gbd-results-tool

when cognitive impairment and frailty coexisted
compared to individuals lacking either condition (4). The
intersection of AD and frailty has rapidly evolved into a
focal point of global research and preventative efforts,
emerging as a significant public health concern.

This article encapsulates the present landscape
concerning AD's prevalence, screening, and treatment
in conjunction with frailty. As such, it offers a valuable
reference for global prevention and management
strategies in addressing the amalgamation of AD and
frailty.

2. Epidemic situation of AD with frailty

The incidence, prevalence, and mortality of AD are on
an escalating trajectory worldwide (5), as evidenced
by the WHO's Global Burden of Disease (GBD)
surveillance data (Figure 1). The prevalence of frailty
escalates with advancing age and is distinctly influenced
by socioeconomic disparities, with noticeably higher
rates documented in low- and middle-income nations
(6). The convergence of AD and heightened frailty
substantially burden societal health. A comprehensive
analysis of frailty prevalence in patients experiencing
mild to moderate AD revealed a spectrum ranging
from 11.1% to 50.0%, averaging 31.9% (3). Another
systematic assessment focusing on frailty prevalence
among dementia patients conducted in acute care
environments observed rates spanning from 50.8% to
91.8%. In contrast, studies conducted in community-
based residential settings indicated even higher
prevalence rates. In such community residential settings,
frailty prevalence spanned from 24.3% to 98.9% (7).
Furthermore, an investigation encompassing older
adults with limited cognitive capacity in Central Africa
documented an estimated frailty prevalence of 64.9%
(8). Employing the frailty index (FI), Heather et al.
gauged frailty prevalence among participants in clinical
trials targeting mild cognitive impairment (MCI) and
dementia. the dementia trial noted a significantly higher
rate of 48.6% (9). An additional retrospective evaluation,
centering on patients aged 65 and older from two
centers specializing in cognitive decline and dementia
(CCDDs), disclosed that 40% of patients exhibited
mild frailty. In contrast, 25% faced moderate to severe

frailty. Intriguingly, the prevalence and severity of frailty
exhibited a positive correlation with declining Mini-
Mental State Examination (MMSE) scores and increasing
age (10). Lee et al. assessed the prevalence of frailty
within primary care settings among patients presenting
memory complaints. Their findings showcased a frailty
prevalence of 16% based on Fried's criteria and an
elevated 48% according to the Clinical Frailty Scale
(CFS). The collective findings of the aforementioned
epidemiological investigations underscore the substantial
prevalence of AD accompanied by frailty (/7). Kasajima
et al. harnessed a microsimulation methodology to
forecast the prevalence and economic implications of
dementia and frailty among the population aged 60 years
and above in Japan from 2016 to 2043. Their projections
anticipate an approximately 1.3-fold increase in frailty
prevalence among individuals aged 75 and older by
2043. Alarming statistics reveal that nearly 29% of
women aged 75 and above will grapple with dementia
and frailty, precipitating an annual expenditure of $125
billion and $97 billion on dementia-related and frailty-
related costs, respectively (12).

Conversely, multiple studies have established a
substantial correlation between frailty and AD. An
investigation into the interplay between frailty and
dementia incidence within China unveiled that, over
five years, the cumulative incidence of frailty coexisting
with dementia markedly exceeded that of dementia
without frailty. Different definitions of frailty yielded
consistent results: 21.0% compared to 9.6%, 19.9%
compared to 9.0%, and 22.8% compared to 8.9% (13).
Cognitive capabilities among frail older adults generally
register lower compared to their non-frail counterparts
(14), with the occurrence of MCI 1.6 to 2.5 times more
prevalent in the former group (/5,76). Additionally, pre-
frail subjects exhibited a higher prevalence of cognitive
impairment than cognitively normal older adults, while
the incidence of cognitive dysfunction was even greater
among frail individuals than those who are pre-frail
(/7). Similar findings have been reported in several
investigations of debilitating specialties, such as an
investigation of the prevalence of MCI among patients
with sarcopenia, which found that the prevalence of MCI
among patients with sarcopenia was 20.5% (95% CI:
0.14-0.26) and that the overall adjusted ratio between
MCI and sarcopenia was 1.46 (95% CI: 1.31-1.62).
The prevalence of MCI was relatively high in patients
with sarcopenia, and sarcopenia may be a risk factor for
MCI (18). Furthermore, systematic evaluations have
documented escalated instances of both debility and
sarcopenia within dementia patients. A study targeting
debility through the lens of swallowing quality of life
(SwalQoL) underscored a noticeable escalation in frailty
prevalence in tandem with declining cognitive status (/9).
Correspondingly, the prevalence of sarcopenia among
individuals with dementia demonstrated an analogous
elevation alongside cognitive deterioration (20).

www.biosciencetrends.com



BioScience Trends. 2023, 17(4):283-292. 285

3. Progress in screening and assessment of AD with
frailty

3.1. Frailty screening tool

Globally, an array of assessment methods have emerged
to facilitate routine frailty screening. Nevertheless,
a universally recognized "gold standard" for frailty
assessment remains elusive. The Fried Frailty Phenotype
(FP), the FRAIL scale, and the Edmonton Frailty Scale
(EFS) are among the more widely employed tools. The
FP, introduced by Fried in 2001, comprises five criteria:
weight loss, low physical activity, exhaustion, slowness,
weakness (27). The FRAIL scale, devised by experts
from the International Working Group on Nutrition,
Health, and Ageing in 2008, incorporates the following
five components: fatigue, resistance, ambulation, illness,
and loss of weight (22). Another frequently utilized
assessment tool, the EFS, was introduced by Rolfson
et al. in 2006. It encompasses nine dimensions and
eleven entries: cognition, general health status, self-
reported health, functional independence, social support,
polypharmacy, mood, continence, and functional
performance (23). An appraisal by Han et al. regarding
the consistency and applicability of these three scales
for frailty screening among community-dwelling older
adults revealed divergent outcomes. Notably, the EFS
emerged as more suitable for comprehensively assessing
frailty in this population, whereas the FP demonstrated
greater efficacy than the FRAIL scale in gauging
physical frailty (24). Another comparison conducted
by Dent underscored certain limitations, such as the
need for instrumental grip strength measurements in
FP, potentially impeding its widespread use. Moreover,
the FRAIL scale necessitated further validation efforts
(25). Recent trends within the field signal a shift toward
measurement tools integrated with electronic health
records. Notable examples included the electronic frailty
index (eFI) and the Hospital Frailty Risk Score (HFRS),
both of which have demonstrated promising levels of
differentiation in preliminary assessments (26-28).

3.2. Screening tools for cognitive impairment

Numerous cognitive assessment scales were employed
both domestically and internationally within clinical
contexts. Among these, MMSE stands out as the most
prevalent, alongside other tools like the Montreal
Cognitive Assessment Scale (MoCA), the Clock
Drawing Test (CDT), and the General Practitioner
Cognitive Functioning Assessment Gauge (GPCOG),
among others (29,30). The MMSE, introduced by
Folstein et al. in 1975, is particularly prominent due
to its brevity and applicability across various subject
profiles. The scale evaluates five domains: orientation,
memory, attention, language, and visuospatial skills
(31). Developed by Nasreddine et al. in Canada in 2005,

the MoCA proves invaluable in swiftly screening for
MCI. While the MoCA exhibits enhanced sensitivity
towards MCI compared to the MMSE, it necessitates a
higher literacy level due to its more intricate assessment
content. This tool encompasses eight primary cognitive
domains: visuospatial/executive, naming, memory,
attention, language, abstraction, delayed recall, and
orientation (32). First introduced in 1989 for detecting
structural dysfunctions, the CDT is lauded for its ease
of administration, brevity (typically 1-3 minutes), and
reduced susceptibility to factors like cultural disparities
and educational levels. It delves into a broad spectrum
of cognitive functions beyond spatial structural skills,
encompassing visuospatial structural capacities, verbal
memory, and executive functions. This test emerges as
highly sensitive in screening early cognitive dysfunction.
It tasks the patient with drawing a clock according to
specific instructions, serving as a single-item assessment
primarily targeting executive functions. It also evaluates
cognitive domains such as visuospatial and executive
capabilities, auditory-verbal skills, attentional focus,
and structural functionality (33). Introduced in 2002, the
GPCOG is tailored for application within primary care
settings. The assessment comprises two components:
a patient test and an informant survey. The patient
test features six items: orientation, memory, attention,
language, visuospatial skills, and executive function.
The informant survey consists of 6 questions, generating
scores of 9 out of 9 for the patient test and 6 out of 6 for
the informant survey. Typically, administration takes
less than 2 minutes (34) (Table 1). Recently, the Chinese
Aging Marker Research Consortium has pioneered the
exploration and proposal of brain aging biomarkers,
striving to achieve a scientific measurement of biological
age within the population. The Consortium has
constructed markers spanning behavioral and functional
realms, imaging parameters, and humoral indicators (35).

3.3. Developments in the evaluation of AD with frailty

Although frailty and AD are inextricably linked, current
evaluation approaches primarily focus on isolated
measures or translational analyses of each condition. For
instance, a FI may be created by combining results from
cognitive tests with activities of daily life. However,
as revealed by Ward et al., it is worth noting that the
association between frailty and dementia risk was
attenuated after certain early core dementia symptom
factors were eliminated (36). This underscores the
intricate relationship between these factors. Engvig et
al. adopted a data-driven approach to evaluating health
deficits, aiming to enhance the predictive accuracy of
the FI concerning both current cognitive status and the
likelihood of future dementia. This effort brings to light
the potential shortcomings of the traditional FI when
applied to dementia risk assessment (37). Li et al., on the
other hand, devised a nomogram integrating risk factors
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for frailty within the elderly Chinese AD population.
Their findings elucidated that factors such as older age,
irregular exercise habits, substantial cognitive decline,
and insufficient social support played pivotal roles in
contributing to physical frailty among AD patients. The
constructed nomogram exhibited a C-index of 0.884,
indicative of robust differentiation and calibration
capabilities. These insights collectively underscore the
intricate relationship between frailty and AD, further
emphasizing the need for more refined assessment tools
to capture their complex interplay (38).

4. The improvement of AD with frailty therapy and
intervention

4.1. Non-pharmacological treatment

Nutrition, horticultural treatment, physical activity,
and social interaction are just a few of the disciplines
that are combined in non-pharmacological therapies. A
study conducted in Hyogo Prefecture, Japan, introduced
a multifactorial Frailty Prevention Curriculum (FPC)
within the community. This curriculum encompassed
resistance exercise, nutritional education, and a
psychosocial program overseen by trained geriatric
professionals. Encouragingly, results revealed that older
adults participating in the FPC exhibited significantly
diminished risks of functional disability, notably
attributable to dementia, over a 6.8-year observation
period (39). A separate investigation undertaken in a
New Zealand community randomized pre-frail older
adults into distinct class combinations: a nutrition
education and cooking class (SC), a strength and
balance exercise program (SAYGO), a combined
program (COMBINED), or a social activity program
(CONTROL). While no significant disparities were
initially observed among the four groups based on
Fried frailty scores during the 2-year tracking phase,
the SAYGO group demonstrated a noteworthy
improvement compared to the control group at the
6-month mark (40). Other studies have delved into
the impacts of horticultural therapy on physical
functionality and psychological well-being among older
adults. Horticultural therapy dramatically improves
upper extremity flexibility and aerobic endurance
in elderly cancer patients, according to this study.
Additionally, it promotes subjective social relationships,
overall quality of life, and emotional well-being (41).
Salzman et al. systematically evaluated the effects of
multidomain interventions on cognitive functioning
among MCI patients. This examination, encompassing
28 randomized controlled trials (RCTs), unveiled
that multidomain interventions yielded substantial
enhancements in overall cognition, executive functions,
memory, and verbal fluency. However, the study
observed no significant differences in attention and
processing speed. The multidomain intervention also

correlated with improved scores on specific cognitive
assessments like the MMSE, Category Verbal Fluency
Test, Trail Making Test-B, and Wechsler Memory Scale-
Logical Memory I and II. Ultimately, the study deduced
that short-term multidomain interventions (spanning
less than one year) can ameliorate cognitive functioning
in individuals with MCI. However, additional research
is necessary to ascertain the ideal intervention duration
(42).

4.2. Drugs and physical therapy

Acetylcholinesterase inhibitors (AChEIs), N-methyl-D-
aspartate (NMDA) receptor antagonists, anti-amyloid
-protein (A) medications, and novel targeted therapeutic
agents were all thoroughly examined in the World
Alzheimer Report of 2022 (43). While AChEIs and
NMDA receptor antagonists exhibit cognitive function
enhancement, they are accompanied by increased
adverse effects. Ap Drugs show the ability to delay
cognitive aging, but stronger proof is still needed to
support this claim. Novel targeted therapies, although
promising, necessitate further studies to validate their
safety and efficacy (44,45). Seibert et al. contributed
to the discourse by investigating the efficacy and
safety of pharmacotherapy in older AD patients
grappling with debilitating or impaired function. Their
findings indicated that AChEIs marginally improved
cognitive function yet exhibited no substantial effect
on functional status or behavioral and psychological
symptoms (BPSD). Antidepressants demonstrated
limited improvement in depressive symptoms.
Antipsychotics and anticonvulsants exhibited mild
effects on select BPSD facets, albeit accompanied
by heightened adverse effects (46). Thapaliya ef al.
conducted a longitudinal cohort study evaluating
medication usage among older women in Australia
between 2003 and 2015. They observed that women
with dementia residing in nursing homes displayed
elevated rates of medication reviews (MR), although
the usage remained below 50% (47). Wei et al.
embarked on a systematic evaluation and Bayesian
network meta-analysis to compare the effectiveness
of repetitive transcranial magnetic stimulation (rTMS)
with medication among AD patients. Their investigation
highlighted rTMS as superior to placebo and multiple
medications in enhancing cognitive function while
exhibiting the lowest incidence of adverse effects
(48). Okahara et al. delved into the effects of the
multi-component drug "ginseng nourishing broth"
(Ninjin'yoeito) on debilitating symptoms in patients
with MCI and mild AD. Their research demonstrated
how Ninjin'yoeito's anorexia early on improved
anorexia scores on the Neuropsychiatric Symptoms
Scale. After 24 weeks, there was no sign of frailty and
significant improvements in the Cardiovascular Health
Study scores were seen. Moreover, scores on the fatigue
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Table 2. Treatment type and effectiveness of Alzheimer's disease (AD) accompanied by frailty

Types of Intervention Content of Intervention

Effectivness of Intervention

Program to prevent frailty that takes a
multifaceted approach that incorporates
resistance training, nutrition education, and
psychosocial interventions

Non-pharmacological
interventions

Combining lessons, such as classes on
nutrition education and cooking, classes on
strength and balance, and both

Horticultural therapy

Multiple exercise or cognitive therapies,
dietary supplements, cognitive, physical,
and social activities, joint cognitive training
with transcranial direct current stimulation,
etc. are examples of multidomain
interventions

Pharmacological
interventions

Acetylcholinesterase Inhibitors (AChEIs)

Memantine

Anti-amyloid-beta (Af) drugs

Functional disability risk was significantly lower (HR = 0.53, 95% CI:
0.38-0.75), notably for functional disability brought on by dementia (HR
=0.47, 95% CI: 0.25-0.86).

At six months, the SAYGO group outperformed the Friend control group
(-0404, 95% CI: -068 to -0123).

Improvement in aerobic endurance (SMD = 0.79, 95% CI: 0.41-1.16) and
upper body flexibility (SMD = 0.26, 95% CI: 0.03-0.50) as well as an
improvement in general quality of life.

Among other things, there was a substantial improvement in executive
function (SMD = 0.20; 95% CI: 0.04-0.36) , memory (SMD = 0.29; 95%
CI: 0.14-0.45), verbal fluency (SMD = 0.30; 95% CI: 0.12-0.49), and
global cognition (SMD = 0.41; 95% CI: 0.23-0.59).

Donepezil, rivastigmine, and galantamine are cholinesterase inhibitors that
are cognitively beneficial in mild to severe Alzheimer's disease (Class A).

In patients with mild to moderate Alzheimer's disease, memantine
is cognitively successful (Class A), and combination therapy with
cholinesterase inhibitors may be helpful (Class B).

Particularly Aducanumab and Lecanemab, anti-A monoclonal antibodies
significantly enhanced cognitive and biomarker outcomes. The use of
these medications alone is unlikely to fundamentally alter the development
of AD in a clinically relevant way because the cognitive effects were
minor. Second, these medications significantly up the chance of adverse
effects such headaches and cerebral edema (ARIA-E).

visual analog scale significantly increased (49) (Table
2).

4.3, Innovative intervention models

Suharya's research focuses on combining medical and
social care techniques to provide post-diagnosis support
to people in Korea who are dealing with cognitive
impairment (50). Three different service categories are
identified in the article: i) A year-long, individualized
support system is provided by specialists as part of
the Post-Diagnostic Support Program for Cognitive
Impairment (PDS). This all-encompassing help entails
providing knowledge, instruction, psychological
assistance, encouraging social activity, and assisting with
legal planning. ii) Individuals and families dealing with
cognitive disorders can get comprehensive help from
the Community Cognitive Disability Centers (CDCs).
Comprehensive assessments, counseling, therapy,
childcare, in-home care, and emergency response are
all included in these services. iii) Specialized Cognitive
Disorder Hospitals (SDHs) focus on providing patients
with cognitive impairments with specialized medical
care. Their services span medication administration,
surgical interventions, rehabilitation, and inpatient care.
The authors underscore that these services collectively

contribute to delaying cognitive decline, mitigating
social expenses and hospitalization rates, curbing
complications and mortality, and enhancing the overall
quality and safety of care, among other benefits. Lorimer
provides insights into the Scottish model of care, which
includes aspects of diagnosis, post-diagnostic support,
community assistance involving the coordination of
medical and social agencies, and provision for hospital
and institutional care (57). Oliveira's work focuses
on Brazilian reforms and innovative approaches to
diagnosing and treating cognitive disorders within the
primary health care system. Notably, the primary health
care system offers access to both pharmacological
and non-pharmacological treatments, incorporating
cognitive stimulation, psychosocial support, and exercise
interventions. Specialized memory clinics have been
established to conduct multidisciplinary assessments
and management with primary health care teams.
Moreover, primary health care workers receive training
and support to enhance their knowledge and competence
in addressing cognitive impairment and facilitating
communication with specialists. Additionally, digital
technologies, such as teleconsultation, electronic health
records, and mobile applications, have been leveraged to
improve accessibility and efficiency in diagnosing and
treating cognitive impairment (52).
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5. Diagnostic and therapeutic problems for AD with
frailty

5.1. Improving the early detection of AD with frailty

Recent studies have gradually shown the higher
frequency of frailty and AD, showing the complex
interactions between the two. Within the current
clinical intervention paradigms, this emergent element
has now taken the lead: i) The key to addressing
the urgent issue is early detection of AD during its
asymptomatic and severe stages. It is crucial to find
solutions to the problems caused by varying diagnostic
standards, resource constraints, cultural differences,
and ethical considerations in various countries. i)
Because there aren't many standardized tests available,
current screening techniques suffer from significant
measurement inconsistencies. iii) The integration of
current diagnostics is still far from perfect. Although
they are in use, predictive models often struggle with
small sample numbers and frequently overlook potential
confounding factors including patient history and the
more recent contributions of biomarkers, imaging
methods, and genetic testing technologies. These factors
all work together to reduce the accuracy, dependability,
and accessibility of diagnostic information. Addressing
these issues becomes crucial as the therapeutic landscape
develops.

5.2. The value of therapies and drugs for AD with
debilitation are not supported by clinical trial

Clinical trials for senior patients with AD who exhibit
frailty or functional impairment are noticeably lacking
at the moment. In addition, there is a dearth of thorough

evaluation data that considers factors like quality of life,
financial impact, and social benefits for both patients
and caregivers. Improvements in biological diagnostic
accuracy, dependability, and accessibility of recently
produced medications are also necessary. The need to
increase the body of research pertaining to the cost-
effectiveness, adherence, and safety of routine medication
injection delivery is also widely acknowledged. The fact
that just a small portion of drug use has been reviewed
is notable and emphasizes the pressing need for stronger
real-world evidence to demonstrate the effectiveness of
these therapies.

5.3. To be developed: Integrated AD with frailty service
model

Frailty and AD are serious public health issues that
have an effect on both families and society. However,
it is still clear that there is a lack of an egalitarian,
sustainable, integrated, and high-quality care delivery
system. The lack of specialized policies and uniform
guidelines makes this shortfall even worse, which
causes an insufficient allocation of human, material,
and financial resources, particularly for preventative
treatments during the pre-AD phase. The continued
improvement of care service quality and efficacy
is negatively impacted by the absence of efficient
monitoring and evaluation systems at the managerial
level. Another major obstacle is the insufficient support
for cross-sectoral and interdisciplinary collaboration
and coordination. This lack of cooperation prevents
the field from spreading innovative concepts and
outstanding practices. Consequently, it is necessary to
to provide a comprehensive service model to handle
this task (Figure 2).
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6. Conclusion

Due to the significant and rising prevalence of AD

and

frailty, this situation poses a serious public health

challenge that calls for preventative, regulatory, and
therapeutic approaches. Evidently, there is still a sizable

gap

in the areas of screening, assessment, therapy, and

intervention for people coping with the combination
of frailty and AD. This unmet demand emphasizes the
urgent need for more resources and ground-breaking
solutions to be swiftly deployed.
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