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Changes in gait, especially decreased gait velocity, may be a harbinger of cognitive decline in
aging. Motoric cognitive risk syndrome (MCR), a pre-dementia syndrome combining slow gait
and cognitive complaints, is a powerful clinical tool used to identify older adults at a high risk
of developing dementia. The mean prevalence of MCR worldwide, including in a Korean cohort,
was around 10%. The reported risk factors for incident MCR include older age, low education,
cardiovascular disease, obesity, physical inactivity, and depression. In addition to dementia, MCR
is also a risk factor for other age-related adverse conditions such as falls, disability, frailty, and

mortality. The use of MCR has advantages over other pre-dementia syndromes in being much
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simpler to implement and requires fewer resources. Identification of mechanisms responsible for
MCR may help in developing interventions to reduce the growing burden of dementia and dis-
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INTRODUCTION

The population worldwide is aging rapidly. The percentage of peo-
ple above 65 years of age is the most rapidly growing segment of
the population and is estimated to nearly double between 2019
and 2050." Therefore, age-related diseases are becoming an im-
portant burden on people’s lives and countries’ economies. De-
mentia and cognitive disorders are common among the aging pop-
ulation and play an important role in increasing morbidity and re-
ducing the quality of life of older adults.” Over 50 million people
were estimated to be living with dementia globally in 2019 and this
number is expected to increase to 152 million by 2050. The cur-
rent estimated annual cost of dementia is US $1 trillion globally, a
figure set to double by 2030. Gait disturbances are also common
with aging and are associated with increased morbidity and mor-
tality.”

Given this global burden associated with aging, there is a press-

ing need to identify older adults at risk for dementia to institute
preventive interventions, make healthcare decisions, and consider
advanced planning decisions. Cognitive decline and dementia
have been implicated in gait dysfunction through disturbances in
top-down brain control mechanisms.” Emerging evidence sup-
ports gait dysfunction as a harbinger of dementia; this association
could be a novel method to assess dementia risk.” Motoric cogni-
tive risk syndrome (MCR) is a pre-dementia condition combining
motor signs (slow gait) and cognitive symptoms (self-reported
cognitive complaints) 9 Studies across the globe have shown that
the presence of MCR increases the risk of dementia as well as oth-
er age-related adverse outcomes. More recent studies have also un-
covered links between MCR and genetic, metabolic, and imaging
factors.”

This review discusses the epidemiology of MCR, its role in in-
creasing the risks of dementia and other geriatric outcomes, and

recent biological discoveries regarding its pathophysiology. A sys-

Copyright© 2020 by The Korean Geriatrics Society

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4235/agmr.20.0001&domain=pdf&date_stamp=2020-03-31

4 Zeev Meiner, et al.

tematic search was conducted using the Medical Subject Heading
terms “slow gait”, “subjective cognitive impairment”, “subjective

cognitive decline”, and “motoric cognitive risk syndrome”.

GAIT SPEED AND COGNITIVE DECLINE IN GENERAL

Gait is a complex and multifactorial process in terms of its underly-
ing central and peripheral neural control mechanisms. Similar
brain regions control both gait and cognitive functions, particularly
frontal and prefrontal lobe-related networks.” These brain areas
are responsible for mediating executive functions (EFs), a variety
of higher cognitive processes that integrate information from many
cortical sensory systems and modulate and produce effective and
goal-directed actions and behavior.”'"” The aging process is accom-
panied by atrophy of many of these brain regions, causing both
cognitive and gait decline.” ' Changes in the aging brain include
atrophy of the frontal and temporal areas and the occurrence of
periventricular white matter lesions. Abnormal gait is a prominent
feature in neurodegenerative diseases, especially those that affect
mainly the frontal lobes."”"* Pilot intervention trials to enhance
EF either by cognitive training or brain stimulation have shown
improvements in gait Velocity.m‘”)

Slow gait speed may be the first sign of degenerative or non-de-
generative brain pathologies and may manifest before other cogni-
tive symptoms. Clinical gait disturbances in older adults may be
due to neurological, muscular, or arthritic etiologies as well as
combinations of these factors. Neurological gait abnormalities
were reported to predict the incidence of non-Alzheimer’s demen-
tia in the Bronx Aging Study." Velocity is the most widely used
quantitative performance index of gait; however, other gait vari-
ables such as stride length, cadence, swing and stance time, and
symmetry obtained from quantitative gait assessments are also
used to evaluate gait quality."” Growing evidence suggests that not
only a decline in gait speed predicts dementia but also that a de-
cline in gait speed may precede the decline in cognitive perfor-
mance in dementia.””” These observations suggest that clinical or
quantitative gait disturbances may be used to identify people at

risk to develop dementia.

MCR DIAGNOSIS ACROSS POPULATIONS

In 2013, Verghese et al”” introduced the concept of MCR to de-
scribe people who are still cognitively intact but with cognitive
complaints and slowing of gait, who are at higher risk of develop-
ing dementia. The criteria for MCR in this initial study were built

on those for mild cognitive impairment syndrome (MCI),” and
included the presence of subjective (self-reported) cognitive com-

plaints measured by a structured questionnaire or clinicians’ inter-
view, slowness of gait defined as one standard deviation (SD) be-
low age- and sex-specific gait speed mean values established in the
same population, independence in activities of daily living, and ab-
sence of dementia. The main criterion distinguishing MCR from
MCI was substituting a slow gait criterion for objective impair-
ment on a cognitive test in MCI. Out of the 997 community-resid-
ing individuals aged 70 years and older participating in the Bronx-
based Einstein Aging Study, 7% met this operational definition of
MCR. Over a follow-up period of 36.9 months, those diagnosed
with MCR at their baseline visit had a higher risk of developing de-
mentia, especially vascular dementia, compared to those without
MCR at baseline.”” Since then, the prevalence of MCR has been
examined in many other cohorts and populations worldwide and
found to vary between 2% and 27% (Table 1).”*** These studies
differed in the way MCR and the reported MCR risk factors in dif-
ferent populations. The differences in estimated MCR prevalence
may be attributed to the way MCR criteria are operationalized in
studies as well as the different populations recruited in previous
studies. Cognitive tests are not required to diagnose MCR, which
increases its clinical utility. The assessment for subjective cognitive
complaints was performed using different methods in different co-
horts, such as the 15-item Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) questionnaire,44) one or two incor-
rect responses on the Short Portable Mental Status Questionnaire
(SPMSQ)," the memory item from the 15-item Geriatric Depres-
sion Scale,"” the eight-item informant interview (AD8),"” or the
Clinical Dementia Rating scale.” In other studies, positive respons-
es from participants to questions such as “Do you have trouble re-
membering?” or “Is your memory worse than 10 years ago?” were
sufficient. Even a referral to a memory clinic has been used to assess
for the MCR subjective cognitive complaint criterion.””"” This het-
erogeneity in subjective cognitive complaint ascertainment may
lead to differences in prevalence estimates of MCR as well as vari-
ability between studies in the cognitive impairment of individuals
diagnosed with MCR. Subjective cognitive complaints related to
the early stages of dementia may also be expressed differently in dif-
ferent cultures and parts of the world. As subjective cognitive com-
plaints are key criteria to diagnose MCI and dementia, issues re-
garding the specificity of this criterion are not unique to MCRs.

All MCR studies have used normal walking gait velocity to eval-
uate gait slowness; however, methods have varied across studies
with assessments done either by instrumented walkways such as
the GAITRite system49) (CIR Systems Inc., Sparta, NJ, USA) or by
timing participants’ walk at normal pace using a stopwatch over a
fixed distance. The distances used have also varied from 2.44 m (8
feet) to 9.70 m (20 feet), which may also influence slow gait deter-
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mination. Differences in measuring methods and in population
characteristics explain why the cutoff velocity for the diagnosis of
MCR is so different between studies (Table 1). Although all stud-
ies defined slow gait as walking speed 1 SD below age- and sex-spe-
cific means individualized to each cohort, the mean velocity for
each cohort varies significantly. The mean velocity for the diagno-
sis of MCR varies between 41 cm/ s*” and 99.9 cm/ sV Age and
sex are important factors in determining gait velocity; therefore,
many studies calculated specific means for different age groups to
reduce heterogeneity. Although a universal single cutoff velocity
for determining slow gait criterion may add clinical utility to the
MCR definition, it may not be practical given the variability in gait
velocity across age groups, sexes, and populations.”” Other motor-
ic tests such as the Five-Times-Sit-to-Stand Test (FSTT) were less
specific to diagnose MCR when used as a substitute for gait veloci-
ty.”*” Other quantitative gait variables have been used to diagnose
MCR subtypes and were shown to identify older adults with dif-
ferent cognitive trajectoriesw) and risk factors™ than the classical
MCR definition. However, assessment for these subtypes requires
access to an instrumented walkway, which limits its use in many
clinical settings.

The third component of MCR is independence in activities of
daily living. This component was examined in published studies
using either a structured questionnaire developed to assess func-
tion in community-residing older adults™
terviews. The multi-country MCR prevalence study used mobility
disability for this criterion as information on activities of daily liv-

or by study clinician in-

ing were not available in all of the 22 included cohorts.”” The
fourth component of the syndrome is the absence of dementia.
This was assessed either using known clinical criteria for dementia,
such as those in the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM—N),54) and diagnosed at consensus
case conferences, through participant or informant report of physi-
cian-diagnosed dementia, or by applying established cut-oft scores
on cognitive tests such as the Mini-Mental State Examination
(MMSE).™ These criteria vary considerably across studies and
may result in the inclusion of individuals with different levels of
cognitive disturbance.

Study populations have varied across MCR studies. While most
studies were restricted to older populations, some also included
younger people. Most studies used an entry age of 60, 65, or 70

years. Two studies included only adults 75 years and above,z(’”m

while two other studies used an entry criterion of 45 years.‘”’ﬁ'o>
This difference in the age of entry affects the determination of slow
gait and other parameters related to MCR prevalence and risk fac-
tors. The prevalence of women in the studies varies between 33%

and 70%, with one study including only women.”” Recruitment

methods also increased the variability of study populations in pre-
vious reports. A multi-country prevalence study included data
from 22 cohorts,zs) 16 of which were community-based, 4 were re-
cruited participants from memory clinics, and 2 were recruited
from both clinics and the community. The highest prevalence of
MCR was reported in the Indian and French cohorts, which were
memory clinic-based populations.23) MCR studies have included
data from cohorts from different countries and ethnic groups. In
one US-based study that included both African American and
Caucasian populations, the prevalence of MCR was higher among

African American participant.”’ MCR studies have also been
conducted in individuals with low income and low education lev-
els.”******) The MCR definition has shown relatively stable preva-
lence estimates in studies with various populations and variable
education and socioeconomic levels, supporting its role as a practi-
cal and reliable clinical assay for dementia risk worldwide.

MCR Risk Factors across Populations

The risk factors for MCR include age, sex, level of education, obe-
sity, physical inactivity and sedentariness, depressive mood, and
cardiovascular disease. Most studies reported that advanced age in-
creased the risk of MCR,*****” similar to dementia. For instance,
in a multi-country MCR study that included over 26,000 partici-
pants,m the MCR prevalence was 10.6% in the group aged 75
years and older as compared to 8.9% in the group aged 60-74
years. However, MCR studies from Ireland and Korea reported
that the prevalence of MCR did not increase with advancing age
and was similar across age groups.33’43) In one study from Cana-
da,” the risk of MCR was higher in the younger age groups (45—
SS years) compared to that in more advanced age groups. Howev-
er, this was the only community-based study to include such a
young age group. The next-highest prevalence of MCR in this
study was that in the older group of 75 years and above. This find-
ing of increased MCR prevalence with age is consistent with the
reported higher prevalence of cognitive complaints and dementia
with increasing age.

Most studies did not find any difference in MCR prevalence be-
tween sexes. However, some studies reported a higher rate of MCR
among women. In a prevalence study from Malaysia that included
1,366 participants, the prevalence rate of MCR was 5% among
women and 1.8% among men.’” The authors attributed this find-
ing to the higher prevalence of frailty among older Malaysian
women compared to that in men. A Canadian studym reported a
higher MCR prevalence in women aged 45-54 and 65-74 years
but with opposite results in the other age groups, a finding with
unclear interpretation.

Most, but not all MCR studies found that lower levels of educa-
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tion are a risk factor for MCR.*

93035374) Most studies used years
of schooling to measure education, which may not be a perfect
measure. In a Canadian study with 29,569 participants, lower edu-
cation level was a risk factor for MCR only in the 55-64 and 65-74
years age groups and not in the youngest or the oldest groups.m) In
a multi-country study including more than 26,000 participants, a
higher level of education ( > 12 school years) was associated with a
lower prevalence of MCR.* The best explanation is that, similar
to MCI and dementia, higher levels of education are also a protec-
tive factor for MCR, perhaps by increasing brain cognitive re-

56)
serves.

57,58 .
5% most studies re-

25,29,30,37,43)

Similar to studies of MCI and dementia,
ported sedentary lifestyle to be a risk factor for MCR.
The methods used to determine levels of physical activity varied
between studies, with some studies adopting a structured ques-
tionnaire and others using a simple question regarding regular par-
ticipation in a sport or leisure physical activity (i.e., atleast 1 hour a
week for the past month). Sedentariness was also examined by
self-reported difficulty in walking less than a quarter mile or nego-
tiating stairs.”” The TILDA study based in Ireland™” reported no
significant correlation between physical activity level and MCR
prevalence; however, participants in this study were more likely to
be cognitively healthy and with high physical functioning. The
protective effect of physical activity in MCR, like in MCI and de-
mentia, can be explained by several mechanisms such as the posi-
tive effects of physical exercise on cardiovascular risk factors in-
cluding hypertension, insulin resistance, and high cholesterol levels
as well as other biological mechanisms such as enhanced immune
system function, anti-inflammatory properties, and increased neu-
rotrophic factors.””

One notable risk factor of MCR was obesity, defined either by
body mass index (BMI) or waist-to-hip ratio.””*”******"* Most
MCR studies did not evaluate body composition. In two studies
from China and Korea, obesity was not correlated with MCR, sug-
gesting possible ethnic differences in this MCR risk factor.”")

Cardiovascular diseases and cardiovascular risk factors such as
hypertension and diabetes increase MCR risk, similar to the in-
creased risk reported for these risk factors with dementia and
MCL"* Diabetes was a risk factor in almost all studies.”” Hyper-
tension was a risk factor in most, but not all, studies.”**** Isch-
emic heart disease was also a risk factor in the majority of stud-
s, 03334303740) Smoking was identified as a risk factor for MCR
in one study from China™ but not in other studies in which it was
documented.”**** Alcohol consumption was not found to be a
risk factor for MCR in any of the studies.

Polypharmacy is a known risk factor for frailty and cognitive de-
cline in old age.”” Several studies have examined the relationship

Motoric Cognitive Risk Syndrome 7

between the number of medications prescribed and the occur-
rence of MCR;ZSJO‘B'T'”‘“) most studies reported that increased
numbers of medications were associated with MCR. The mean
number of medications taken by participants with MCR varied be-
tween 2.3 and 6.6. Using a widely accepted definition of polyphar-
macy as five or more medications daily, two studies showed that
polypharmacy was a risk factor for MCR. %)

Depression and anxiety are strongly associated with MCR. This
association was found in large-scale studies including a multi-coun-
try study and the Canadian CLSA study.””*” The latter study ob-
served this association in all age groups. The use of anti-depressive

medications was also associated with MCR.*

Depression in old
age is related to cognitive decline and dementia and may be an ear-
ly manifestation of dementia due to neurodegenerative or vascular
brain diseases.”” Other significant risk factors for MCR examined
in individual studies were arthritis,ZI'm poor vision,m and living in

36)
rural areas.

MCR as a Risk Factor for Cognitive Decline and Dementia

A recent meta-analysis by Sekhon et al.” including seven studies
evaluated the relationship between MCR and the development of
cognitive impairment and dementia and examined the relationship
between MCR and the development of either dementia or cogni-
tive impairment. In general, MCR was associated with increased
risks of incident cognitive impairment (adjusted hazard ratio
[aHR] =1.70) and dementia (aHR =2.50). This meta-analysis in-
cluded four studies that examined the association between MCR
and the incidence of dementia.”*****” Since then, another study
from France reported an association between MCR and demen-
tia."” MCR has been shown to have incremental predictive validity
for dementia over its cognitive (cognitive complaints) and motoric
(slow gait) components.””

There is heterogeneity in terms of study populations, follow-up
time, and criteria employed for the diagnosis of MCR and cogni-
tive disorders among studies that have examined the predictive va-
lidity of MCR for cognitive decline. In a homogenous cohort from
the US,”” the aHR to develop dementia overall in participants
with MCR was 3.27; however, MCR did not predict Alzheimer
disease (AD) but did strongly predict vascular dementia (aHR =
12.81). This finding was consistent with that of a previous study
that showed slow gait to be a predictor of vascular dementia and
not AD.”” In contrast, a combined analysis of four cohorts that in-
cluded 4,812 participants with longitudinal data reported MCR
to be a risk factor for dementia overall including AD (aHR =
1.93).””) In a study from Japan including 4,235 participants,” over
a mean follow-up of 2.6 years, the aHR to develop dementia over-
all in participants with MCR at baseline was 2.49; however, the de-
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mentia subtypes were not specified. In another small study from Ja-
pan including 299 participants with a follow-up of 3-S5 years, the
odds ratio of conversion to dementia overall was 1.38 in the MCR
group compared to the non-MCR group. A recent study of 651
French women followed up to 7 yearszs) reported a nearly two-fold
increased risk of incident dementia in the MCR group than that in
the non-MCR group (41.9% vs. 23.3%). MCR was positively asso-
ciated with the incidence of overall dementia and AD but not with
non-AD dementia incidence. This study included only women;
therefore, the results may not apply to the general older population.

A recent multicenter study including 610 older adults with
MCR from three US-based cohorts followed over a mean of 2.9
years investigated which components of the MCR syndrome pre-
dicted transition to dementia.”” The cognitive components —
measured by a cognitive complaint severity index, logical memory
test,”” and MMSE"—predicted the transition from MCR to de-
mentia, whereas the motoric component of MCR (gait velocity)
did not. This finding may be attributed to the fact that the cogni-
tive complaints and tests in MCR patients may better correlate
with the worsening of dementia-related pathology or spread of pa-
thology into brain areas responsible for other non-motor behaviors
and cognitive impairments associated with dementia. An alterna-
tive explanation might be that, since this study included only indi-
viduals with MCR with a restricted range of gait velocities, slower
gait was not a predictor of dementia. Finally, since memory-related
questions were used for the diagnosis of MCR and the incident
dementia cases included a high proportion of AD patients, cogni-
tive complaints but not gait velocity predicted dementia in this
analysis.

Several studies evaluated the association between MCR and
other pre-dementia syndromes such as MCL*"***" MCI diagnosis
is based on subjective cognitive complaints (as in MCR), objective
cognitive impairment in the memory or non-memory domains as-
sessed by neuropsychological tests, and without impairment of ac-
tivities of daily living or dementia.”” The co-occurrence of MCI
among MCR was 54%, 47%, or 39% in different studies, respec-
tively.””**" The combination of MCR and MCI was associated
with lower cognitive performance compared to that in individuals
with MCR but without MCL""” While there is overlap between
MCR and MCI cases, MCR syndrome still statistically predict-
ed the risk of dementia in previous studies after accounting for
MCI cases or excluding individuals who met criteria before or
simultaneously with MCR. These observations emphasize the
importance of diagnosing both pre-dementia syndromes to
identify all individuals at risk. MCR should be seen as a com-
plementary rather than an alternative approach to MCL

Six studies evaluated the association between MCR and cogni-

tive performance, with mixed results.”?****"**) These studies as-
sessed several domains of cognitive function, including global cog-
nitive functions, memory, EF, processing speed, attention, visuo-
spatial abilities, and language. In most studies, MCR was negatively
associated with global cognitive performance and EF, supporting
the hypothesis that frontal lobe dysfunction is involved in both gait
and EF control.” However, one study did not show an association
with EF but found that the MCR group performed worse on mea-
sures of global cognition, memory, and sustained attention.’” The
authors attributed this finding to the larger size of their sample and
the specific characteristics of the population in this cohort (TIL-
DA). The relationship between memory functions and MCR is
conflicting, with several studies reporting lower performance in

233139 yhile others did not find such a cor-

memory tests in MCR,
relation.””" One study reported an association between language
difficulties and MCR;ZQ) however, other studies did not test this

domain.

MCR as a Risk Factor for Other Geriatric Outcomes

MCR is reportedly a risk factor not only for dementia but also for
other adverse conditions in older adults such as falls, disability,
frailty, and mortality.””)
the older population. An estimated 32%-42% of all people above
70 years of age will fall every year.m) Falls in older adults are associ-

Falls are an important medical problem in

ated with complications including fractures, surgery, and hospital-
ization and are related to increased disability and mortality.ﬂl)
Maintaining balance and preventing falls is a complicated function
that requires efficient integration of motoric, cognitive, and psy-
chological functions. Individuals with MCR have a combination of
cognitive impairment, mainly in EF, and motor disturbances that
place them at high risk for falls. Several studies have investigated
this association. Callisaya et al.”” examined 6,204 participants
from five large cohorts across three countries and revealed that
33.9% of subjects with MCR reported a fall over follow-up of 12
months, resulting in a pooled relative risk (RR) of MCR for any
falls of 1.44; this association reduced in strength but persisted after
adjusting for previous falls (RR=1.37). As for dementia out-
comes,”” MCR had incremental predictive validity for falls over its
cognitive and motoric components. In a study of 2,569 French
women, MCR increased the risk for any fall (aHR = 1,22), recur-
rent falls (aHR =1.46), and falls complicated by hip fracture
(aHR=2.54)."

Few studies have examined the association between MCR and
disability and frailty among older adults. In a study of 4,235 Japa-
nese older adults (mean age, 72 years), MCR was associated with
an increased risk of disability, defined as certification by long-term
care insurance, with an aHR of 1.69.”” Frailty is a multidimension-
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al construct associated with low physiologic reserves and increased
vulnerability to adverse outcomes such as disability and death.”
In a study of 641 adults aged 65 years and above, higher frailty at
baseline, as assessed using a cumulative deficit index, increased the
risk of developing incident MCR even after accounting for several
confounders, suggesting shared mechanisms between these two
syndromes.m

Two studies investigated the relationship between mortality
and MCR. Among 11,867 participants from three different co-
horts over a median follow-up of 28 months, MCR at baseline
was associated with increased mortality overall (aHR = 1.69) and
2-year mortality (aHR = 1.89) even after adjusting for gait speed
and memory test scores.” In a study of 3,778 French women
followed up for 19 years, MCR was associated with mortality at
10 years (aHR=1.27), 15 years (aHR=1.22), and 19 years

(aHR=1.41)."

MCR Studies in Korea
Two studies examined the epidemiology of MCR in Korea. The
MCR multi-country prevalence study included a sample of 549 in-
dividuals aged 65 to 102 years (63.8% women) from the Korean
Longitudinal Study on Health and Aging (I(LOSHA).B) The prev-
alence of MCR in this cohort was 10.0%, compared to 8.02% in
the nationwide Korean Frailty and Aging Cohort Study (KFACS)
that included 2,881 community-dwelling older adults aged 70-84
years (52% women; mean age, 75.9 years).m The prevalence of
MCR did not increase with age (7074 years, 8.90%; 75-79 years,
7.06%; and 80-84 years, 8.04%). Similar to previous studies, the
MCR group had lower education levels and reduced physical ac-
tivity, higher prevalence of hypertension and diabetes, and higher
numbers of comorbidities and medications as compared to those
in the non-MCR group. Participants with MCR had greater diffi-
culty with respect to mobility and were more likely to report a his-
tory of falls. In addition, participants with MCR rated their health
poorer compared to that in those without MCR."” In contrast,
participants with MCR did not show significant differences in
BMI or depressive symptoms. MCR in the KFACS cohort was as-
sociated with a decline in global cognitive function, attention, pro-
cessing speed, and EE.

While these two cohort studies are not fully representative of
the entire population of older Korean adults, the MCR estimates
are consistent with the MCR prevalence reported in developed

countries.

BIOLOGY OF MCR

Four studies reported on the relationships between brain imaging
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and MCR including white matter and gray matter abnormalities
and brain volume and atrophy.éé) A study of 358 participants from
two cohorts in France and India reported white matter hyperinten-
sities (WMH) on magnetic resonance imaging (MRI) in 72.9% of
the participants. WMH in the frontal, parieto-occipital, temporal,
basal ganglia, cerebellum, or brainstem were not associated with
MCR in either of the two cohorts.”” WMH are ubiquitous in aging
populations and have often been regarded as non-specific. Another
study of 139 participants from the Kerala-Einstein Study in India
investigated the relationship between MCR and brain WMH as
well as the presence of lacunar infarctions and microbleeds.”” In
this study, only the presence of lacunar infarctions in the frontal
lobe was correlated with the presence of MCR at cross-section. All
other parameters including WMH, other stroke, lacunar infarc-
tions in other areas, and microbleeds were not associated with
MCR. The authors assumed that vascular mechanisms other than
WMH may contribute to the pathophysiology of MCR; however,
they emphasized that the evaluation of WMH was based solely on
manual quantification and not on automatic measurements that
could provide a more objective measure and metric information
such as volume. The correlation between global and regional brain
volumes with MCR syndrome was evaluated in 171 participants
from France.” Multiple logistic regression models showed that
smaller volumes of total gray matter, total cortical gray matter, pre-
motor cortex, prefrontal cortex, and dorsolateral segment of pre-
frontal cortex were associated with MCR. Similar to previous stud-
ies, WMH and total white matter volume were not correlated with
MCR. Negative results were also found for hippocampus and sub-
cortical gray matter volumes. Similar results were reported in a
larger study that included 267 participants from three cohorts.™
The significant gray matter volume covariance pattern associated
with MCR even after adjusting for demographic characteristics
was primarily composed of the supplementary motor, insular, and
prefrontal cortex regions (Fig. 1). In contrast, relatively less atro-
phied regions as a function of MCR included the cerebellum as
well as the inferior and middle temporal, para-hippocampal, and
precuneus regions. The authors™ concluded that MCR was pri-
marily associated with gray matter atrophy in brain regions previ-
ously linked to the control aspects of gait such as motor planning
and modulation.

The underlying biological and genetic mechanisms for MCR
have not yet been established and few studies have been published
to date. A study of 530 community-dwelling Ashkenazi Jewish
adults age 65 years and older reported that single nucleotide poly-
morphisms in the transcriptional regulatory regions of cytokine
interleukin 10 (IL10) were associated with the incidence of MCR
over a median follow-up of 2.99 years."” Inflammation may play a

Ann Geriatr Med Res 2020;24(1):3-14
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Fig. 1. Brain areas involved in motoric cognitive risk syndrome (MCR) and related cognitive mechanisms responsible for gait control (white
boxes, more atrophied regions as a function of MCR; black boxes, less atrophied regions as a function of MCR).

significant role in the pathogenesis of dementia and cognitive de-
cline;*" this finding also suggests a role for inflammation in MCR
pathogenesis. A preliminary study of the polygenic effects of se-
lected clinical phenotypes on MCR was conducted in 4,915 indi-
viduals, age 65 years and above from the Health and Retirement
Study.”” Higher polygenic scores (PGS) for BMI and waist cir-
cumference were associated with MCR and PGS of AD showed a
suggestive association, while higher PGS for higher well-being was
protective. The authors suggested that obesity-related genetic traits
may play an important role in the development of MCR and may
serve as potential therapeutic targets in dementia prevention. Fig. 2
provides a graphical representation of the suggested biological
mechanisms involved in the pathogenesis of MCR and MCI that
may contribute to the increased risk of dementia in these pre-de-

mentia syndromes.

POSSIBLE INTERVENTIONS TO IMPROVE FUNCTION
AND PREVENT DETERIORATION IN MCR

No studies have reported therapeutic measures such as physical
exercise or cognitive training in MCR populations to improve gait

and cognition and prevent deterioration to dementia. Although
epidemiological studies have shown the positive effect of mainly
aerobic exercise on cognitive functions in normal or demented
older adults, several meta-analyses failed to confirm the cognitive
protective effect of exercise in clinical trials.””*” In contrast, small
studies have shown cognitive training programs to improve gait
functions.”” A recent meta-analysis including 10 randomized clini-
cal trials and a total of 351 participants showed that cognitive train-
ing interventions provided a small effect on complex walking con-
ditions requiring higher-order EFs."” There is a need for large-
scale randomized clinical trials, perhaps using multi-modal inter-
ventions, combining physical activity with cognitive stimulation or
training, in MCR to improve cognitive function and mobility and

prevent further deterioration towards dementia.

CONCLUSION

With the increasing aging population worldwide, the burden of
cognitive disorders such as dementia is escalating. The coexistence
of physical limitations and cognitive decline are common in aging
adults, leading to many detrimental effects. MCR is a pre-dementia
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Fig. 2. Potential biological mechanisms in mild cognitive impairment (MCI) and motoric cognitive risk syndrome (MCR).

syndrome combining cognitive and motor components that in-
creases the risk for cognitive decline and dementia as well as other
age-related negative geriatric outcomes. In contrast to MCI, the di-
agnosis of MCR does not rely on formal neuropsychological as-
sessments; thus, it requires fewer resources and is independent of
language and level of education. The biology of MCR remains ob-
scure, and further studies are needed to investigate the relationship
between physical and cognitive domains in older adults. The re-
sults of such studies could facilitate the design of more effective
preventive intervention strategies against dementia and other dele-
terious effects of aging. Recent studies suggest that one in 10-12
community-residing Korean seniors may have MCR. The MCR
concept is of particular importance in Korea as it is one of the most

rapidly aging nations worldwide."*
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