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Abstract

Background
Motoric cognitive risk syndrome (MCR) is de�ned by slow gait speed combined with subjective cognitive
complaint. MCR is a predementia syndrome, similar to mild cognitive impairment (MCI). However, there is
currently no study comparing the differences in cognitive performance and physical function between
these two types of cognitive impairment. Thus, the aim of this study is to compare cognitive performance
and physical function in individuals with MCR versus MCI.

Methods
A total of 77 participants, free of dementia, were recruited from the neurological outpatient clinic of a
medical center in Taiwan. Participants were separated into two groups, MCR (n = 33) and MCI (n = 44)
groups, based on de�nition criteria from previous studies. Cognitive performance, including executive
function, attention, working memory, episode memory, visuospatial function, and language, were
measured. Physical functions such as activities in daily living, the Tinetti Assessment Scale, and the
Timed Up and Go test were also measured.

Results
Executive function, attention, working memory, episodic memory and language were all signi�cantly
lower in the MCR group than the MCI group. Abilities related to physical function, including those
measured by the Tinetti Assessment Scale and the Timed Up and Go test, were signi�cantly lower in the
MCR group than the MCI group.

Conclusions
We noted that cognitive performance and physical function were lower in MCR individuals than MCI
individuals. The signi�cant differences between those two groups may provide insight that MCR might
lead to more severe overall functional deterioration in older adults than MCI patients.

Background
The prevalence of dementia and its associated medical and long-term care costs are growing rapidly
internationally as the global population ages [1]. Several studies have shown that cognitive decline,
especially in the memory domain, is a common condition of aging and is also considered to be related to
the occurrence of dementia [2]. Functional impairment in the cognitive and physical domains occurs with
aging and makes elderly individuals vulnerable to adverse events such as disability, falls, or even death
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[3–5]. Therefore, it is important to identify and validate biomarkers for the early diagnosis and
identi�cation of populations that are at risk of dementia [6].

Mild cognitive impairment (MCI) is a condition that has been studied for 2 decades and corresponds to a
state of cognitive function between that of normal aging and dementia [7]. The clinical diagnosis of MCI
requires a precise evaluation process, including face-to-face consultations, a series of neuropsychological
tests and functional performance tests. This entire assessment takes a substantial amount of time,
requires trained medical professionals and is not easy to implement in the community. In the clinical MCI
population, the annual conversion rate to dementia has been shown to range from 10–15% [8–10].
However, the conversion rate in community-dwelling populations is often substantially lower, ranging
from 3.8–6.3% per year [11–13]. In addition, community-dwelling elderly individuals with MCI are an
unstable group, as almost all of them exhibit a change in the functional category each year [13]. Some
MCI individuals’ conditions remain stable or even return to normal [14]. This outcome might be incorrectly
recorded because of limited resources and the time-consuming nature of the cognitive assessment [15].
Therefore, it may be necessary to expand or modify clinical risk assessments of dementia in community
populations.

Several studies have shown that the simultaneous presence of cognitive impairment and gait
disturbances is common in elderly individuals [16–18]. Additionally, these functional limitations may
suggest early signs of dementia [19, 20]. Motoric cognitive risk syndrome (MCR) is new and was
proposed by Verghese, et al. [21]; it is characterized by a slow gait speed [1 standard deviation (SD) below
the mean age- and sex-speci�c gait speed] and subjective cognitive complaints. MCR does not require a
lengthy comprehensive neuropsychological evaluation, making the assessment highly advantageous in
detecting older adults in the community who are at high risk of dementia [21, 22]. In addition, recent
studies have shown that MCR can be used to predict the occurrence of disability [23], falls [24] and death
[3] in older populations. However, MCR was only recently proposed, and the application and
characteristics of MCR are not yet well established.

As mentioned above, MCI and MCR are both predominant cognitive impairment syndromes. However,
there are currently no studies comparing cognitive performance and physical function between
individuals with these two types of cognitive impairment. Thus, the aim of this study was to compare
cognitive performance and physical function in individuals with MCR versus those with MCI. MCR has
been shown to have improved predictive validity for dementia [18] and falls [24] compared to its
individual cognitive and motor components. Therefore, we assumed that older adults suffering from MCR
have poorer cognitive and physical performance than do those with MCI. Identifying the differences in
functional capacity between individuals with MCR and MCI may help us understand the difference
between these two syndromes and predict dementia in elderly individuals.

Methods

Participants and study design
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This study was a cross-sectional study conducted in Taiwan between April 2018 and August 2018.
Participants were recruited from a medical center in Taipei. All participants met the following criteria: (a)
aged 60 years or older, (b) could walk 10 meters independently, (c) were community dwelling, (d) had
subjective cognitive complaints and (e) were not diagnosed with dementia. The presence of subjective
cognitive complaints was determined by a ‘yes’ response to the memory item on the Geriatric Depression
Scale [25, 26]. Dementia was diagnosed after all clinical and neuropsychological information presented
at diagnostic case conferences were reviewed. The exclusion criteria were as follows: (a) unstable
medical conditions, for example, the presence of major visual or hearing loss, (b) a recent or planned
surgery leading to limitations in walking and interfering with participation in this study or (c) the
consumption of any medications causing cognitive complaints during the past 3 months. A total of 86
participants provided informed consent, and the study procedures were approved by the Institutional
Review Boards of Mackay Memorial Hospital (number: 18MMHIS005e). We con�rm that all methods
were performed in accordance with the relevant guidelines and regulations. The subject inclusion process
for this study is depicted in Fig. 1 (n = 77). The participants’ age, sex, history of metabolic disease, and
subjective cognitive complaints were obtained from patient interviews and medical charts.

Study assessment
The selected participants underwent comprehensive neuropsychological testing and physical activity
testing with the Barthel Index, Instrumental Activities of Daily Living (IADL) scale, Tinetti Assessment Tool
and Timed Up and Go (TUG) test.

A face-to-face neuropsychological assessment was performed using the Chinese versions of parts A and
B of the Trail Making Test (TMT) [27], the category �uency test [28], digit recall forwards and backwards
[29], the Chinese version of the California Verbal Learning Test [30], the short form of the Judgment of
Line Orientation test [31], the Boston Naming Test [32], and the Chinese version of the Geriatric
Depression Scale-15 (GDS-15) [33]. The TMT is a neuropsychological test of visual attention and
executive function [34]. There were two parts for this test: in the �rst part, participants were instructed to
draw a line connecting numbers in sequential order (1, 2, 3, etc. ); in the second part, the participants had
to alternate between numbers and letters (1, A, 2, B, etc.). The time taken to complete the test was used as
the performance indicator. The category �uency test was designed to measure executive functions and
language [35]. Participants were asked to provide as many words as possible from a category (e.g.,
animals) in 60 seconds. Digit recall forwards and backwards are the most widely used short-term verbal
memory and executive function tests [29]. Participants were asked to either recall a sequence of
numerical digits in normal or reverse order correctly, with increasingly longer sequences being tested in
each trial. The longest number of sequential digits that can accurately be remembered was recorded as
the participant’s performance. The Chinese version of the California Verbal Learning Test is designed to
measure episodic memory for the Chinese-speaking population aged ≥ 50 years old [30]. This test was
composed of 9 two-character nouns presented over 4 learning trials. After each trial, the participant was
asked to recall as many words as possible in any order. The number of correct items was recorded in
each trial. The short form of the Judgment of Line Orientation test is a 10-item standardized test of
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visuospatial performance [36]. Participants were asked to match two angled lines to a set of 11 lines that
were arranged in a semicircle and separated by 18 degrees. The number of correct lines was recorded as
the performance indicator. The Boston Naming Test, consisting of 30 black and white line drawings of
objects, is one of the most commonly used measures of confrontation naming in individuals with
language impairments caused by diseases such as Alzheimer’s disease and dementia [32]. The
participants were asked to state the name of the object in each picture, and the examiner recorded the
number of correct items. The Chinese version of the Geriatric Depression Scale-15 is a valid assessment
tool used to evaluate the prevalence of depressive symptoms among the Chinese rural elderly people [33].
The scale consists of 15 yes-no questions, and each question is scored with either 0 or 1 point. Scores of
0–4 points are considered normal; those of 5–8 points indicate mild depression; those of 9–11 points
indicate moderate depression; and those of 12–15 points indicate severe depression.

Functional status was assessed using the Barthel Index for self-care activities such as washing, dressing,
grooming, using the restroom, and eating and the IADL scale for activities such as cooking, shopping,
doing laundry, and maintaining household �nances. Physical function was also assessed by the Tinetti
Assessment Scale, which is a test that is easy to perform and measures balance ability and gait [37]. The
gait speed and TUG tests were conducted with G-WALK® (BTS Bioengineering Corp., MA, United States),
which is a wearable system used for the functional analysis of movement. This system comprises a
portable inertial sensor that is attached to the S1-S2 vertebrae and records speci�c movements. When a
subject walks, the sensor collects and transmits data to a laptop for analysis. The sampling rate of the
system is 100 Hz. The validity and reliability of this system to assess movement performance has been
well established [38]. Gait speed was evaluated during walking at a habitual speed. The participants were
asked to walk 10 meters at a comfortable speed three times, and the average speed of the three trials was
used for data analysis. For the TUG test, the participants were instructed to stand up from a chair, walk 3
meters, turn around, walk back to the chair, and sit down a total of three times. The time needed to
complete the task was recorded, and the average time of the three trials was used for data analysis.

After completing all assessments, the participants were separated into two groups, the MCR (n = 33) and
MCI (n = 44) groups, based on the criteria reported in a previous study [12, 21]. MCR was diagnosed if
participants met all of the following four criteria [21]: (a) subjective cognitive complaints, (b) a slow gait
speed, (c) the absence of dementia, and (d) a consistent level of independence in activities of daily living.
Subjective cognitive complaints was de�ned as reported in the inclusion criteria [25, 26]. Based on
previous studies, a slow gait speed was de�ned as a walking speed of one SD or more below the mean
age- and sex-speci�c gait speed [21, 39]. MCI was diagnosed using the following criteria[40]: (a)
subjective cognitive complaints, (b) objective cognitive impairment in one or more cognitive domains, (c)
preserved activities of daily living, and (d) the absence of a diagnosis of dementia.

Statistics
All statistical analyses were performed using SPSS version 22.0 (SPSS, Inc., Chicago, IL, United States).
The participants’ characteristics were summarized using the means and SDs or numbers, as appropriate.
Between-group comparisons were performed using independent t-tests (continuous variables) or chi-
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square tests (categorical variables). In this study, the correlations were �rst established, and the factors
correlating signi�cantly with gait speed were further analyzed using a linear regression model. Pearson’s
correlation coe�cient was used to examine correlations between cognitive performance and gait speed.
We considered correlation coe�cients larger than 0.3 as meaningful correlations [41, 42]. In addition,
because the Pearson’s correlations were examined 11 times, the signi�cance level was corrected with the
Bonferroni method (p = 0.005) to reduce the possibility of statistical errors. A linear regression model
(stepwise strategy) was used to determine the contributions of different cognitive domains to gait speed.
A p value of less than 0.05 indicated statistical signi�cance.

Results
Baseline demographic data

Seventy-seven subjects (males: 43; females: 34) participated in the study. Table 1 presents the
characteristics of the participants in the MCR (n = 33) and MCI (n = 44) groups. The mean ages of the
participants in the MCR and MCI groups were 69.3 ± 9.8 and 70.0 ± 8.8 years, respectively. There were no
differences in the basic characteristics (age, sex, body mass index, and educational level) or the
prevalence of a medical condition (hypertension, diabetes, hyperlipidemia, and heart disease) between
the subjects with MCR and those with MCI. The participants with MCR had a lower gait speed than did
the MCI participants (p < 0.001).

Table 1
Comparison of participants’ characteristics between the two groups.

  Motoric cognitive risk syndrome
(n = 33)

Mild cognitive impairment (n 
= 44)

P
value

Age (years) 69.3 ± 9.8 70.0 ± 8.8 0.733

Sex (male/female) 17/16 26/18 0.643

BMI 24.4 ± 3.4 23.9 ± 3.3 0.480

Educational level
(years)

7.6 ± 3.7 7.9 ± 4.3 0.764

Gait speed (m/s) 0.7 ± 0.1 1.0 ± 0.2 < 
0.001

Hypertension (n) 19 30 0.351

Diabetes (n) 12 14 0.808

Hyperlipidemia (n) 19 29 0.485

Heart disease (n) 11 16 0.814

Abbreviations: BMI, body mass index.
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Comparisons between MCR and MCI

The cognitive performance and physical function of the participants with MCR and MCI are shown in
Table 2. Compared to the subjects with MCI, those with MCR had poorer executive function (TMT-A, p = 
0.034; TMT-B, p = 0.043; category �uency test, p = 0.003), a poorer memory ability (digit recall backwards,
p = 0.016; California Verbal Learning Test-short form, p = 0.030), poorer language function (Boston
Naming Test, p = 0.027), and more depressive symptoms (GDS-15, p = 0.028). In addition, the Barthel
Index and IADL results were similar between the two groups, but the subjects with MCR had signi�cantly
lower Tinetti gait and balance scores (gait, p = 0.010; balance, p = 0.028) and a longer TUG completion
time (p < 0.001) than did the MCI group.
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Table 2
Comparison of the participants’ cognitive performance and functional status between the two groups.

  Motoric cognitive risk
syndrome (n = 33)

Mild cognitive
impairment (n = 44)

P
value

Executive function      

TMT-A (s) 30.0 ± 16.3 21.9 ± 16.2 0.034

TMT-B (s) 75.2 ± 39.1 59.0 ± 34.6 0.043

Category �uency test 10.8 ± 3.3 13.4 ± 3.9 0.003

Attention and working memory    

Digit recall forwards 7.2 ± 1.4 7.3 ± 1.6 0.764

Digit recall backwards 3.5 ± 1.1 4.3 ± 1.7 0.016

Episode memory

California Verbal Learning
Test-short form

17.6 ± 5.0 20.1 ± 5.2 0.030

Visuospatial performance    

Judgment of Line Orientation 13.2 ± 4.1 13.8 ± 3.2 0.522

Language      

Boston Naming Test 20.9 ± 5.3 23.6 ± 4.9 0.027

Depression  

Geriatric Depression Scale-15 3.9 ± 3.7 2.1 ± 2.6 0.028

Physical function      

Barthel Index 96.1 ± 10.8 99.9 ± 0.8 0.057

IADL 20.7 ± 5.3 22.3 ± 3.9 0.150

Tinetti gait 10.9 ± 2.0 11.9 ± 0.6 0.010

Tinetti balance 14.2 ± 3.4 15.6 ± 1.1 0.028

Timed Up and Go test (s) 22.7 ± 13.4 13.4 ± 3.1 < 
0.001

Abbreviations: TMT, Trail Making Test; IADL, Instrumental Activities of Daily Living.

Association of cognitive performance and gait speed

Table 3 shows the correlation results. The scores of the category �uency test, digit recall backwards test
and short form of the California Verbal Learning Test were positively correlated with gait speed (r = 
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0.370–0.449, p < 0.005). The TMA-A scores were negatively correlated with gait speed (r = -0.376, p < 
0.005). According to the regression models (Table 4), executive function was the most important factor in
determining gait speed (Model 1: F = 14.02, P < 0.001, effect size f2 = 0.21, statistic power = 0.98; Model 2:
F = 10.91, P < 0.001, effect size f2 = 0.33, statistic power = 0.99).

Table 3
Correlation coe�cient between cognitive performance and gait speed.

  Gait speed, r P value

Age (years) -0.219 0.056

Educational level (years) 0.171 0.138

Executive function

TMT-A (s) -0.376 0.001*

TMT-B (s) -0.324 0.005

Category �uency test 0.449 < 0.001*

Attention and working memory

Digit recall forwards 0.172 0.135

Digit recall backwards 0.370 0.001*

Episode memory

California Verbal Learning Test-short form 0.391 < 0.001*

Visuospatial performance

Judgment of Line Orientation 0.085 0.467

Language

Boston Naming Test 0.305 0.007

Depression

GDS-15 -0.292 0.010

Abbreviations: TMT, Trail Making Test; GDS, Geriatric Depression Scale. *p < 0.005.
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Table 4
Summary of linear regressions.

Variable β p

Model 1    

Category �uency test 0.413 < 0.001

R square 0.171  

Adjusted R square 0.159  

P value < 0.001  

Model 2    

Category �uency test 0.342 0.003

Trail Making Test part A (s) -0.283 0.012

R square 0.246  

Adjusted R square 0.223  

P value < 0.001  

Variables eliminated from regression model 1: California Verbal Learning Test, Digit recall backwards,
Trail Making Test part A.

Variables eliminated from regression model 2: California Verbal Learning Test, Digit recall backwards.

Discussion
In the present study, it was demonstrated that compared to individuals with MCI, subjects with MCR are
more likely to exhibit executive function, attention, memory, and language impairments. Our results also
showed that physical functions, including gait and balance performance, are signi�cantly lower in people
with MCR than in those with MCI. To the best of our knowledge, this is the �rst study to compare
cognitive performance and physical function in individuals with two types of cognitive impairment, MCR
and MCI. We also found that executive function is the primary factor associated with gait speed
compared with attention, memory, visuospatial, and language performance.

A major contribution of this study to the literature includes the results of cognitive performance and
physical function in individuals with MCR versus those with MCI. Recent reports have shown that the
simultaneous presence of cognitive decline and a slow walking speed can predict dementia [19, 20]. MCR
is a novel concept and is de�ned as a heterogeneous clinical manifestation characterized by the
simultaneous presence of an objectively slow gait speed and subjective cognitive complaints [21, 43].
Individuals with MCI demonstrate cognitive impairment with minimal impairment in IADL [44]. Both
conditions are linked to poor cognitive function and represent a stage of predementia [22]. However,
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currently, the information on the characteristics of MCR and the differences between MCR and MCI are
still limited. In the present study, we found that compared to MCI, MCR is linked not only to poorer
physical function but also to poorer cognitive performance in tasks related to executive function,
attention, working memory, episode memory, and language. This result indicates that compared with MCI,
MCR might lead to more severe overall functional deterioration in older adults. In a three-year longitudinal
study, people with MCR were found to be at higher risk of developing dementia than were people with not
MCR (hazard ratio: 3.27) [21]. A random effects meta-analysis reported that the relative risk of dementia
was 3.3 in those with MCI versus age-matched controls 2–5 years later [45]. Although the conversion
rates in these two groups are similar, the research designs and the participants included in these studies
differed greatly. Since we found signi�cant differences in cognitive performance and physical function
between MCR and MCI patients, it is important that a large cohort study is conducted in the future to
compare the rate of conversion to dementia between these two groups.

Based on the de�nitions of MCR and MCI, both are predementia cognitive disorders, and the factor that
differentiates them is gait speed. Walking is a very common activity of daily living and is a consequence
of multifactorial and multisystem (sensory, musculoskeletal, nervous, and cardiorespiratory)
coordination. Executive function [16, 46] and attention [46, 47] are considered to be the most important
cognitive domains affecting gait performance. Our research �ndings reported that people with MCR who
had a slower gait speed also had poorer executive function, poorer attention and memory performance,
poorer language function, and more depressive symptoms than did participants with MCI. In addition, we
also noted that executive function was the primary factor associated with gait speed compared with
other domains of cognition, which is consistent with other research results [48, 49]. A growing body of
evidence suggests that frontal subcortical circuits mainly control the speed of walking [50]. Moreover,
compromised frontal lobe white matter was found to be associated with executive network functional
impairments and slower walking speeds in elderly individuals [51, 52]. These brain areas are highly
susceptible to white matter hyperintensities, microvascular damage, and neurodegenerative pathologies,
which are common precursors of dementia [52]. In summary, brain regions and networks speci�cally
control both higher-level cognitive function and gait performance and explain the relationship between a
slow walking speed and dementia pathologies.

Regarding physical function, our results showed that the mean Tinetti Assessment Scale score in
subjects with MCR was signi�cantly lower than that in people with MCI, indicating that individuals with
MCR not only walk slowly but also have poor balance. Moreover, compared to the MCI group, the MCR
group needed more time to complete the TUG test (mean, MCI group = 13.4 seconds; MCR group = 22.7
seconds, p < 0.001). The TUG test is a reliable measure of functional activity that captures transfers,
straight walking, and turning movements [53]. It has been reported that this test can be used to identify
elderly individuals who are prone to falls (completion time of ≥ 14 seconds), with a sensitivity of 0.87
and a speci�city of 0.87 [54]. This result demonstrates that our MCR group had a high-risk for falling,
which is consistent with other research results [24]. As mentioned above, maintaining a normal well-
balanced gait is a complex process requiring the e�cient cooperation of multiple systems, such as those
controlling motor, cognitive, and sensory processes [16, 20, 55], and the inability to have a normal gait
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can lead to falls. We therefore suggest that MCR is an effective screening tool for the risk of falls in older
populations.

According to our results, people with MCR have poorer cognitive function and physical function than do
MCI patients, indicating that MCR might lead to more severe overall functional deterioration than MCI in
older adults. MCR does not require a time-consuming comprehensive neuropsychological assessment,
unlike MCI, which is convenient for the clinical evaluation of the risk of dementia in community-dwelling
older populations. In addition, compared with people with MCI, people with MCR might have a higher risk
of falling, based on the completion time for the TUG test. There are some study limitations that should be
addressed in the present study. The inclusion of a relatively small number of participants made it
impossible to perform any subgroup analyses with su�cient power, such as an MCI subtype comparison.
Studies with a larger sample size should be conducted in the future to con�rm our results and to conduct
subgroup analyses. We also used a cross-sectional study design, which prevented us from investigating
changes in cognitive and physical function in the two groups over time. To better understand the actual
interaction between cognitive and physical functions in aging populations that are at high risk of
dementia, a large cohort study is warranted and encouraged. Moreover, it should be noted that since MCR
is de�ned as a condition characterized by a slow gait speed in the presence of subjective cognitive
complaints in elderly people not diagnosed with dementia or mobility impairments, the MCR subjects
included in this study may or may not have met the MCI diagnosis. In this study, we did not exclude MCR
subjects with MCI, which may have affected our results. However, the de�nition of MCR does not include
conditions that can exclude subjects with MCI [21]. Therefore, the characteristics and differences between
MCI and MCR need further clari�cation.

Conclusion
This study suggests that cognitive performance and physical function are lower in MCR individuals than
in MCI individuals and that executive function, compared with other cognitive domains, is the primary
factor associated with gait speed. The signi�cant differences between these two groups suggest that
MCR leads to more severe overall functional impairment than does MCI in older adults. Additional studies
on the mechanisms of MCI and MCR and subsequently, longitudinal studies on these predementia
syndromes would be worthwhile.
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Figure 1

Flow chart showing the process of selecting subjects in this study.


