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Cognitive frailty (CF) is a state of impairment in both cognitive and motor functions. The concept
of CF has been developed in several ways. However, it is difficult to identify consistent neuroim-
aging findings according to the application of the operational definition of different frailty mod-
els within the same concept, as well as the diversity of the concept itself of CF. This study aimed
to review neuroimaging studies of CF and to determine suitable imaging biomarkers of CF. White
matter abnormalities (e.g., white matter hyperintensity and microbleeds) seem likely to be con-
sidered imaging biomarkers of CF. The volume of the cerebral/cerebellar cortex and that of the
subcortical nuclei are also candidates of imaging biomarkers of CF. These imaging biomarkers are
expected to be more useful in discriminating the need for screening CF in visitors of clinics or
health examination centers than in detecting the presence of CF in community-dwelling older
adults.

Key Words: Cognitive frailty, Motoric cognitive risk syndrome, Physio-cognitive decline syn-
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INTRODUCTION

Frailty is a dynamic intermediate condition that lies between
pathological aging and adverse health outcomes such as disability
or death.”” The concept of frailty can be divided into physical,
cognitive, and psychosocial aspects.” In April 2013, the Interna-
tional Academy of Nutrition and Aging (IANA) and the Interna-
tional Association of Gerontology and Geriatrics (IAGG) agreed
on the definition of “cognitive frailty” (CF), which is a simultane-
ous state of both mild cognitive impairment (MCI) and physical
frailty.” CF canbe a precursor to degenerative neurocognitive dis-
orders, and physical frailty can accelerate cognitive impairment as
well as increase the risk of MCI and dementia.””

Initially, the concept of frailty was introduced to provide a target
for primary and secondary prevention of disability in older adults.
From this point of view, to detect the presence of CF, the use of
cost-effective and time-saving screening tools (e.g,, several frailty

scales and gait speed tests) is also recommended. In addition, labo-

ratory or imaging tests usually conducted in clinics, hospitals, or
medical examination centers may help find a target for preventing
adverse health outcomes, that is, for intervening the development
of CF. Therefore, this study aimed to review previous studies relat-
ed to imaging biomarkers of CF.

CONCEPTS OF COGNITIVE FRAILTY DEFINED FROM
VARIOUS PERSPECTIVES

CF was first introduced for the purpose of indicating cognitive vul-
nerability in patients with MCI who are more likely to progress to-
wards dementia due to exposure to vascular risk factors.”'” Ac-
cording to the IANA/TAGG definition, cognitive impairment
shown in CF is characterized by potentially reversible cognitive
impairment, excluding the conditions in Alzheimer disease and
other types of dementia—i.e., clinical dementia rating (CDR)
score=0.5." After the introduction of the first operational defini-
tion of CF, even though the detailed definitions were different
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from each other, the prevalence of CF in community-dwelling old-
er adults without neurodegenerative disease was reported to be
1.0%-1.8%."” The prevalence of CF has been reported to increase
dramatically in clinical settings, ranging from 10.7 to 39.7%."
Frailty is a parameter developed for the purpose of promoting the
health in older adults. Based on the definitions developed thus far
for CF, it is expected that its utility in the clinic will be higher than
that in the community.

Ruan et al.” proposed two subtypes that further extended the
concept of CF: potentially reversible and reversible CE. The po-
tentially reversible CF is expressed as MCI (CDR score =0.5) and
the reversible CF is expressed as subjective cognitive decline
(SCD) and/or positivity in fluid or imaging biomarkers of amyloid
accumulation and neurodegeneration. Concurrently, Ruan et al."”)
extended the concept of both (potentially reversible and revers-
ible) CF to cases with pre-physical frailty as well as physical frailty
(Fig. 1). SCD is characterized by a subjective experience of im-
paired memory in the absence of objective cognitive deficits (CDR
score=0),"” andis a concept known to establish an early target for
dementia treatment. Many clinical trials for the treatment of Alz-
heimer disease fail successively, and SCD can be an important pre-
vention target of brain diseases in older adults.

Motoric cognitive risk syndrome (MCRS) is defined as the co-
existence of cognitive impairment and slow gait in older adults
without dementia (Fig. 1)." It is known to be a predictor of both
the development of Alzheimer disease and vascular dementia, the
two most common causes of dementia,”'” and it is also used to

. . . . . 16,17
predict cardiovascular disease and the associated risk factors. )

In order to avoid confusion between the concepts of MCRS and
CEF, which is constantly updated, the concept of physio-cognitive
decline syndrome (PCDS) was proposed by Chen and Arai'"” at
the Sth Asian Conference on Frailty and Sarcopenia in 2019.
PCDS is defined as physical frailty manifested as slowness and/or
weakness with impairment of any cognitive domain with at least
1.5 standard deviations below the mean for the age-, sex-, and edu-
cation-matched norms (Fig. 1). The following paragraphs mainly
contain reviews of magnetic resonance imaging (MRI) studies in
CF and similar contexts'” such as MCRS or PCDS.

White Matter Abnormality—An Imaging Biomarker
Candidate of Cognitive Frailty

The number of studies investigating cerebral small vessel disease
(CSVD) as a cause of neurodegenerative disease continues to in-
crease.”” White matter hyperintensity (WMH) on T2-fluid-atten-
uated inversion recovery (FLAIR) sequence of brain MRI is one
of the characteristic imaging markers of CSVD. Although WMH is
prevalent in older adults and may be associated with other neuro-
pathologies, it is often associated with the development of sub-clin-
ical cognitive impairment.m )When the outcome is set to dementia,
a systematic review and meta-analysis study of more than 11,000
participantszz) found that among the MRI markers of CSVD, only
extensive WMH was significantly associated with incident demen-
tia, and neither lacunes nor cerebral microbleeds were associated
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Fig. 1. Graphical conceptualization of different definitions of cognitive frailty. NC, normal cognition; SCD, subjective cognitive decline; MCI,
mild cognitive impairment; IANA/IAGG, International Academy of Nutrition and Aging and International Association of Gerontology and
Geriatrics. Adapted from Sugimoto et al.”” with permission of the Japan Geriatrics Society.
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with it.

Although CF was not defined separately, the relationship be-
tween the severity of WMH and frailty defined according to the
different scales of the frailty index has already been reported.”zs)
More recently, Sugimoto et al.”” showed that CF was associated
with a significantly higher WMH volume (11.0+ 13.2 mL with CF
vs. 5.8 £7.7 mL without CF; p <0.001) and WMH volume divid-
ed by parenchymal volume (coefficient=0.57, standard er-
ror=0.13; p<0.001) in 333 memory clinic patients. A similar
finding was reproduced in a cross-sectional study conducted in
China.”

In the MCRS, which overlaps with CF to some extent, a con-
flicting result was found. A study in the clinical setting in India re-
vealed that the WMH burden was not related with MCRS.” In-
stead, frontal lacunar infarction was found to be associated with
MCRS in Indian older adults, contributing to slow gait and im-
paired memory.”” In contrast, in a community-based study with a
larger number of participants, the relationship between MCRS
and WMH volume was found to be significant.zg) Interestingly, in
the same study, the MCRS group showed lower volume in the
frontal and parietal lobes as well as greater white matter abnormali-
ties, whereas the MCI group showed volume loss across the brain
regions susceptible to Alzheimer disease pathology (i.e., hippo-
campus, parahippocampal gyrus, entorhinal cortex, precuneus,
and inferior parietal lobules) 2

A brain MRI study in Japanese community-dwelling older adults
showed more lacunar infarction and cerebral microbleeds with a
severe WMH degree in the CF group.’” In this study, the CE
group had medial temporal lobe atrophy compared with that of
the normal controls, but there was no difference in the degree of
medial temporal lobe atrophy between the CF and MCI groups
without physical frailty. An Australian memory clinic cohort
study”” revealed that there was a significant difference in WMH
severity but no difference in medial temporal lobe atrophy be-
tween patients with frailty, defined as a frailty index >0.25, and
participants without frailty.

According to the results of a longitudinal study of 400 individu-
als with asymptomatic CSVD, mobility frailty, defined as having
weaker hand-grip strength and/or slower walking speed, was sig-
nificantly found to be associated with incident dementia (odds ra-
tio =4.8; 95% confidence interval, 1.5-14.8; p=0.007) in the fol-
low-up duration of an average of 5.7 years.32) As such, when identi-
fying an imaging biomarker for CF, further studies are needed to
classify imaging findings regarding not only proper CF but also
each component of physical frailty.
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Gray Matter (Cortical) and Subnuclei Volume—
Another Imaging Biomarker Candidate of Cognitive
Frailty

Osawa et al.” published the first longitudinal study examining the
correlation between brain volume and muscle strength changes in
older adults. The authors found a decreased knee extensor strength
in older adults with atrophy of the frontal, temporal, and occipital
gray matter. This finding may provide evidence for the potential
contribution of specific regional brain atrophy affecting age-related
changes in muscle strength. In addition, a multicohort (two co-
horts in the United States and one in France) MRI study revealed
that MCRS is associated with cortical atrophy in brain regions in-
volving the control aspects of gait, such as motor planning and
modulation (i.e., supplementary motor, insular, and prefrontal cor-
tex), rather than that of the motor aspects of gait, such as gait initia-
tion and maintenance (i.e., cerebellar, temporal, and parahippo-
campal cortex).™”

The severity of frailty was associated with the degree of cortical
and subcortical atrophy, especially in the frontal and temporal cor-
tex and peri-insular subcortical area, in a study of most patients di-
agnosed with MCI or dementia.™

Although the study was conducted with a relatively small num-
ber of participants (52 participants), there is a unique study of the
hippocampus on brain MRI divided into subregions between old-
er adults with and without CF.” There was a clear decrease in the
volume of hippocampal subregions, including the bilateral pre-
subiculum, left parasubiculum, and right cornu ammonis subfield
1 (CAL1). The presubiculum and parasubiculum play important
roles in cognitive processing and visuospatial function, and their
volume has been found to decrease in some diseases, such as dia-
betes mellitus, Parkinson disease, and Alzheimer disease.”” CAl
is known to act as a subiculum-hippocampal interface and is func-
tionally related to attention. Patients with Parkinson disease with
cognitive impairment showed significantly lower right CA1 vol-
ume than those with cognitively normal Parkinson disease."”

In another study of the same participantsf” significant volume
reduction was found in the bilateral thalami, left caudate, right pall-
idum, and right accumbens in older adults with CF. In addition,
the volume of the bilateral thalami, caudate, pallidum, and right ac-
cumbens was negatively correlated with the frailty index. Among
them, the volume of regions other than that of the caudate was
positively correlated with the Montreal Cognitive Assessment
(MoCA) score. A previous study showed that the caudate nucleus
contributed to body and extremity posture, as well as the accuracy
and speed of directed movements.” These findings may explain
why changes in the volume of the caudate nucleus are related to
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the frailty index and not cognitive impairment.

In an earlier study, Chen et al®? proved that weakness, slowness,
and low activity in physical frailty components were associated
with atrophy of cerebellar gray matter, unlike exhaustion and body
weight loss. Thereafter, in the I-Lan Longitudinal Aging Study
(ILAS), among 1,196 participants with a mean age of 62 + 9 years,
190 (15.9%) individuals with PCDS had reduced gray matter vol-
ume in the bilateral amygdala and thalamus, right hippocampus,
temporo-occipital cortex, and left cerebellum VI and V regions
compared with that of those without PCDS. In addition, individu-
als with PCDS had a significant association with disruption of hip-
pocampal-amygdala-cerebellar connectivity."” In future studies on
CF and similar entities in the same context (i.e., MCRS and
PCDS), studies on other brain regions, such as the subcortical nu-
clei and cerebellum, should be actively conducted in addition to
those targeting the cerebral cortex.

DISCUSSION

In this review, we mainly looked at brain MRI studies of not only
CF but also MCRS and PCDS, which report some concepts over-
lapping with CF with different names. Although further research is
still needed, white matter abnormalities such as WMH and cere-
bral microbleeds, which are markers of CSVD, seem likely to be
considered the imaging biomarkers for CF. On the other hand, the
gray matter volume of the cerebrum/cerebellum related to motor
planning and modulation, the volume of the hippocampal forma-
tion related to attention and cognitive processing, and the basal
ganglia related to motor accuracy area are also candidates of imag-
ing biomarkers of CF.

25)

Del Brutto et al’s previous study”” can be referred to interpret
the reason for the diverse results of imaging studies of CF. Interest-
ingly, they found that the relationships of frailty with global cortical
atrophy and WMH change were significantly different between
those in the 60s and 70s—80s age groups in the community-dwell-
ing older adults. As of 67 years of age, older frail adults exhibit
more pronounced neuroimaging signs of extensive cortical/sub-
cortical damage than robust adults, whereas no such relationship
was observed in younger-older adult population. Thus, in the fu-
ture, when identifying imaging biomarkers, there is a possibility
that imaging biomarkers should be considered separately by age
group.

In addition, the characteristics of neuroimaging findings may
differ by country and/or race and may appear differently depend-
ing on whether the study participants are patients in clinics or resi-
dents of the community. There have been many studies related to
depressive symptoms in CSVD,"” but only a few studies on neuro-

imaging findings and depressive symptoms have been conducted
in CE™ As depressed mood itself, vulnerability to stress, and other
psychological factors can affect CF, longitudinal studies that com-
prehensively evaluate these factors and frailty should be conduct-
ed.

Immunological blood biomarkers have been explored for both
frailty and CE.* In the future, it would be beneficial to study CF
with respect to other blood biomarkers that have been studied in
the research field of preclinical Alzheimer disease or SCD."” Thus,
the corresponding blood biomarkers and imaging biomarkers on
MRI can be used for the health examination of the participants.

CONCLUSION

Establishment of screening tools to identify CF in the community
population and prevent dementia or other adverse outcomes is of
great significance. We believe that the imaging biomarkers listed in
our review will be useful in determining the need to proceed with
CF screening in patients showing specific MRI findings at a
non-geriatric clinic or health examination center. In order to re-
duce the burden of disease in older adults and prevent dementia
and other serious diseases, the discovery and establishment of sev-

eral key biomarkers should continue in any population.
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