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Abstract: Objectives: The aim of this study was to determine the prevalence of Motoric Cognitive Risk (MCR)
syndrome, describe associated risk factors and to determine the risk of progression to cognitive impairment after
three years of follow-up, in a sample of Mexican older adults. Design: A prospective panel study of health and
aging in Mexico. Setting and participants: Baseline and follow-up information was obtained from the Mexican
Health and Aging Study’s 2012 and 2015 waves. A total of 726 subjects aged 60 years or older with normal
cognition at baseline were classified into 4 groups: 1) with MCR, 2) with memory complaint only, 3) with slow
gait speed only and, 4) without MCR. Cox regression analysis controlling for confounder factors was performed
to determine the risk of progression to cognitive impairment in the MCR group. Measures: Data such as gait
speed, functional status and cognitive performance (standardized by age and sex in Mexican population) was
collected. Results: MCR prevalence was 14.3%. When compared with non-MCR subjects, the presence of MCR
was associated with older age (p<0.01), lower educational status (p=0.05), having two or more comorbidities
(p<0.05) and diabetes mellitus diagnosis (p<0.05). At follow-up and after adjusting for confounders, MCR was
associated with a 2.4-fold increased risk (95% CI: 1.28-4.26, p=.000) of cognitive impairment. Conclusions:
MCR syndrome increases the risk of cognitive impairment in Mexican older adults. Simple measurements
such as gait evaluation in subjects with memory complaints could allow early identification of those at risk of

developing cognitive impairment.
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Introduction

Estimates show that the number of Mexican older adults
will reach 32.4 million in 2050 (1). Data from the Health and
Aging Survey in Latin America revealed that at least 11%
of the population older than 60 years has some degree of
cognitive impairment (2). In countries like Mexico, the general
prevalence of cognitive impairment is approximately 7% (3).

A timely diagnosis is important to ensure adequate treatment
and care for patients with dementia. In the United States, half of
the patients with Alzheimer’s disease are properly diagnosed,
whereas in countries like Mexico less than 25% of cases are
identified (4, 5). In clinical settings, underdiagnosis of this
condition may be explained by the lack of time for consultation,
the absence of diagnostic tests easily applied and adapted to the
population, and possibly, by underestimation of the importance
of cognitive and functional changes (6, 7). Longitudinal
population-based studies provide important information about
the prevalence and risk factors for diseases in their natural
environment, such as dementia, and can help identify symptoms
at an early stage. Current treatment approaches focus on the
planning of strategies that provide support and training to
caregivers and the use of symptomatic drugs that could reduce
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or stabilize the progression of the disease.

Evidence of gait slowing during early stages of dementia
has led investigators to propose the concept of Motoric
Cognitive risk (MCR), a pre-dementia syndrome characterized
by slow gait, subjective memory complaint, intact functional
capacity and a lack of dementia diagnosis (8). Analyses of
22 cohort studies from different countries showed that MCR
was associated with a 1.5 to 2.7 risk of incident cognitive
impairment in the individual cohorts and with a 2-fold increase
risk of dementia in the pooled sample. The early identification
of individuals at risk of developing dementia based on the
detection of MCR constitutes a simple clinical approach (9).

Therefore, the aim of this study was to determine the
prevalence of MCR in a sample of Mexican adults over 60
years of age, describe associated risk factors and determine the
risk of progression to cognitive impairment after three years of
follow-up.

Materials and Methods

Data was obtained from the Mexican Health and Aging
Study (MHAS), a large, national representative study of older
Mexicans (age 50 or older) and their spouses. The aim and
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design of the MHAS has been previously published (10). The
study started in 2001 and has three fielded follow-ups in 2003,
2012 and 2015. Information from a subsample of subjects who
participated in the 2012 wave was used for the present study.
Data was assessed through performance tests, anthropometric
measures and blood samples. Information from the 2012 and
2015 waves was used at baseline and follow-up, respectively.
(11).

Figure 1 presents a flowchart of the process followed
to select the sample. From a total of 2,086 subjects of the
subsample, only those aged 60 years or older and with complete
information on cognitive and MCR variables were selected.
The resulting 860 subjects were further classified based on
their cognitive scores in two groups; with normal or impaired
cognitive functioning. The normal cognition group was the
final sample at baseline (n=726), while the impaired group was
excluded from the analysis (see MCR criteria below). The next
step was to classify all cognitively normal subjects in those who
met criteria for MCR (n=104) and those who didn’t (n=622).
After 3 years of follow-up, 664 subjects were identified, while
62 (8.5%) had died, were lost or had incomplete information.
Finally, we analyzed the follow-up sample to determine the
change in cognitive functioning.

Figure 1
Flowchart of sample selection
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Subjects With MCR syndrome: Based on the definition of
MCR syndrome proposed by Verghese et al. (8, 19) all subjects
who met all the following criteria were considered with MCR:

1. Self-reported memory complaints. This variable was
defined as the presence of memory complaint mentioned by the
subject as “inadequate” or “poor” according to the the question:
Compared to the last two years, would you say your memory
is? The other possible answers were “better” and “more or less
the same”.

2. The absence of cognitive impairment. Cognitive
functioning in the MHAS was assessed with the use of the
Cross-Cultural Cognitive Examination (CCCE), a screening
tool that evaluates cognitive status and that has been previously
standardized for Mexican population with Z scores adjusted
by age and education (12, 13). The CCCE assesses cognitive
function using several tasks that measure visuospatial abilities,
visual memory, verbal learning memory, verbal recall,
visual scanning, orientation, verbal fluency and numeracy. A
composite score above -1.5 standard deviations was considered
as normal cognitive function. Subjects who participated in the
MHAS and could not answer the CCCE because of health or
sensory limitations were assessed for cognitive function through
a proxy using the Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE). Subjects who had a score of
3.4 or more were classified as cognitively impaired (14).

3. Gait speed disturbances. Assessment of gait speed in
MHAS is done through a performance measure. The subject is
asked to follow the instruction: “Please walk to the end of the
path with your usual speed as if walking in the street to go to
the store”. Time in minutes and seconds to walk four meters in
two different opportunities was averaged and registered. For
this study, a value greater than 0.8 m/s in both men and women
was considered as low gait speed; except for women with a
height <1.45 m in which the cutoff value was >0.66 m/s (15).

4. Functional independence. Subjects were classified as
independent if they did not have difficulty performing any
instrumental activities of daily living (IADL) included in the
MHAS; preparing a hot meal, shopping for groceries, managing
money and taking medications (16).

Subjects without MCR

Considering that subjects who didn’t met criteria for MCR
could have one or two of negative symptoms, a situation that
could generate confusion with the definition of a healthy status,
we classified them in three groups: 1) subjects with memory
complaint only, b) subjects with slow gait speed only, and c)
subjects without any symptom (healthy group).

Confounding variables

Sociodemographic variables: age, sex and years of education.

Health variables: We included self-reported measures of
hypertension, diabetes mellitus, stroke, coronary artery disease
and falls in the last two years. Depressive symptoms were
defined based on a cut-point of five on the geriatric depression
scale included in MHAS (17, 18).
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Table 1
Sociodemographic, health status and cognitive evaluation, at baseline characteristics by motoric cognitive risk, memory com-
plaint and slow gait group, MHAS- 2012

All Healthy (No MCR*)  Memory complaint Slow Gait MCR* p value

n=735 n=141 n=418 n=69 n=107
Age, years mean (SD) 69.8 (7.6) 67.6 (5.8) A** 68 (6.9) 74 (8.8) 74 (8.3) <.001
Female (%) 462 (54) 77 (54) 214 (51) 41 (594) 60 (56) 503
Education, years
Mean (SD) 5.35(3.8) 7.5 (5.5) A** 5134 45(@3.1) 554) <.001
Diabetes n (%) 209 (24) 24 (17)A** 98 (23) 19 (28) 35(33) <.003
Hypertension n (%) 442 (51) 63 (45) 210 (50) 33 (48) 61 (57) 008
Falls n (%) 358 (42) 47 (33)A** 172 (41) 33 (48) 52 (49) 010
Stroke n (%) 17 (2) 2 (1.4%) 9 (2.2%) 0 (0%) 3(2.8%) 336
Coronary artery disease, (%) 23 (3) 3(2.1%) 8 (1.9%) 2(2.9%) 5 (4.7%) 148
Chronic disease n (%) (range >2) 177 (19) 68 (52%) A** 247 (59%) 38 (55%) 75 (70%) 002
Depression (%) 350 (40) 20 (21) A** 177 (43) B** 32 (46) C** 52 (48) <.001
CCCE*
Orientation Mean (SD) 2.5(0.5) 2.6(0.7) A** 2.3(0.4) 2.2(0.3) 1.9(0.3) 005
Verbal learning memory
Mean (SD) 4.84 (1.7) 4.89 (1.8) A** 4.81(1.6) 4.79 (1.8) C** 4.78(1.6) 007
Verbal recall memory Mean (SD) 4.33(2) 4.43(2) A** 423(1.9) 4.18 (2) 4.12(1.9) 013
Visual scanning 27.8 (17.4) 28.7 (18.8) 27.3(17.8) 26.9 (17.5) 26.8 (15.7) 460
Visuospatial abilities Mean (SD) 5.52(1.1) 553(1.2) 5.51 (1.1) D** 548 (1.2) C** 532 (1.5) 037
Visual memory
Mean (SD) 4.84 (1.7) 4.89 (1.8) 4.81(1.6) 479 (1.8) 4.78(1.6) 077
Verbal Fluency Mean (SD) 154 (9.2) 15.7 (10.1) 153 (9.3) 15.04 (9) 15 (8) 333
Numeracy (SD) 10.2(2.1) 10.4(5.6) A** 9.7(33.2) 9.8(3.1) C** 94(3.1) 007

*MRC: Motoric cognitive risk. CCCE: Cross Cultural Cognitive Examination, Chronic disease: hypertension, diabetes, falls, coronary artery disease; **Post-hoc Bonferroni analysis
A: MCR versus Healthy, p<.05, B: MCR versus self-reported cognitive complaint p <.05, C: MCR versus slow gait, p<.05, and D: Self-reported cognitive complaint versus slow gait, p

<.05. ***p<.005.

QOutcome variable

Cognitive impairment. Subjects with a total score in
the cognitive test (CCCE) equal or less than -1.5 standard
deviations and an IQCODE greater than 3.4 points were
classified as cognitively impaired in the 2015 wave.

Statistical Analysis

We present our descriptive results stratified by baseline
status. Two-sample t-tests for continuous variables and 2
tests or Fisher’s exact test for categorical variables were used
as appropriate. To determine the risk of cognitive impairment
in subjects who had MCR syndrome at baseline, we used a
Cox model to compute the relative risk with 95% Confidence
Interval (CI) adjusting for the confounding variables. The
variable «time for the appearance of cognitive impairment» was
defined as the mid-point between the date (day/month/year) of
the first interview and the date of the second interview and was
registered in years. Statistical analysis was performed using

SPSS software for Windows (SPSS Inc., Chicago, IL version
22.0).

Results

MCR Global prevalence was 14.3%, (95% IC: 11.9-17.1),
it was slightly higher in women vs men (15.2% vs 13.3) and
there was an exponential increase with age, showing a growth
that reached 42.3% (95% CI 31.9-53.4) among individuals aged
80 and older. Decreasing prevalence with increasing years of
education was particularly apparent in older adults with 7 or
more years of education. 10.7% (95% CI: 6.8-16.2)

Sociodemographic characteristics health status and cognitive
performance of the sample at baseline are shown in Table
1. Compared to the normal group, subjects with MCR were
older (74.3 + 8.3, p<0.001) and had less years of education
(4.5 = 3.0, p<0.05). There were no differences between men
and women. Regarding comorbidities, diabetes mellitus was
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the only condition significantly higher in the MCR group
(33% vs 23%, p=0.05), although a general pattern of higher
comorbidities such as hypertension, falls, and depression
was observed. Regarding the performance in the cognitive
evaluation performed in baseline 2012 as expected, significant
differences were observed between the RCM group and the
Healthy group in all the cognitive domains except in attention
(visual scanning). It was the group with only slow gait who
showed significant differences in the cognitive domains of
memory and visuospatial alterations abilities between the group
RCM and Healthy group.

Table 2
MCR and risk of incident cognitive impairment

Model HR 95% CI
Motoric Cognitive Risk Unadjusted 2.5(1.42-4.48)
Adjusted** 246 (1.25-4.84)
Memory complaints Unadjusted 1.07 (0.63-1.81)
Adjusted** 0.97 (0.56-1.68)
Slow gait Unadjusted 1.76 (0.72-4.26)
Adjusted** 1.32 (0.48-3.61)

*MCR: Motoric cognitive risk, HR: Hazard ratio; **Adjusted for age, education, history
of diabetes, hypertension, falls and depression

After a mean follow-up of 2.9 years, 113 cases of incident
cognitive impairment were found. As shown in Table 2 the risk
of cognitive impairment was 2.52 times higher in older adults
with MCR syndrome (HR: 2.5, 95% CI: 1.42 - 448, p=.002).
After adjusting for sociodemographic and health covariates,
the risk of cognitive impairment slightly changed and remained
statistically significant (HR: 2.46, 95% CI: 1.25-4.84, p=.009).
The risk of cognitive impairment in subjects only with memory
complaints or with slow gait was not significant in the
unadjusted or adjusted models.

Discussion

Our study showed 14.3% prevalence of MCR in Mexican
older adults similar to that reported by the Kurihara Project in
Japan (11.1%) (19) and in the range of the prevalence rates in 6
low- or middle-income countries (5.3% to 15.6%) reported by
Verghese et al (20) in a multicenter study. Other cohort studies
have also found prevalence ranging from 2% in Australia to UK
(21) to 15% in India (22).

The association with greater age in older adults with MCR
found in this and other studies, has been explained as the result
of primary and secondary motor area alterations (critical for
gait regulation) as well as in other involved support structures
(parietal lobes, the fronto-striatal circuits and corpus callosum),
which during the aging process, hinder the execution of
activities learned in early stages of life. In addition, the sensory
alterations that accompany aging also contribute to alterations

in gait (23, 26).

A lower educational level in subjects with MCR subjects
has also been previously reported by Verghese and Doi (27).
Gonzales et al. (28) demonstrated changes in gait speed
and performance of tasks that involve working memory in
patients with low education, supporting the hypothesis of a
relationship between education and MCR (29). These findings
suggest that working memory impairment is one of the earliest
manifestations of cognitive decline in elders (30).

Regarding comorbidities, our study found an association
between MCR and diabetes mellitus diagnosis, like
that reported by Doi et al (27). This association can be a
consequence of cerebral changes produced by this disease;
atrophy, alteration of white matter integrity, and vascular
lesions that affect brain capacity, making it more vulnerable
to pathological changes, considering that these changes can
appear pre-clinically (particularly in cerebrovascular and
Alzheimer’s diseases) (31). For main geriatric problems, such
as falls and depression, our study found that they were present
in almost half of the subjects with MCR. These results are in
line with other studies that have previously demonstrated this
association (26). Casillaya et al (32) suggests that MCR is a
clinical syndrome that predicts adverse health outcomes such as
falls in older adults. On the other hand, researchers have found
that cognitive impairment, slow gait speed, and depressive
symptoms occur simultaneously in older adults (33). Although
depressive symptoms and reduced mobility coexist in older
adults (34), the relationship between depressive symptoms and
MCR requires further research (26).

Our study shows that individuals with MCR have 2.5 times
more risk of progressing to cognitive impairment. This result
is similar to those reported in a meta-analysis by Kueper et
al. (35) and in the study of Verghese et al. in 2014 (20) who
showed hazard ratios that ranged between 1.65 (1.30-2.10) in a
sample of Hispanic older adults living in the US to 3.54 (2.05-
6.12) reported in an Italian cohort. These authors propose that
MCR could be used to detect individuals at risk of developing
early cognitive impairment whenever the symptom combination
of subjective memory complaints and low gait speed are
present.

The study has several limitations. First, incomplete
information about critical variables due to the nature of an
in-home study had an impact on the sample size as well as
attrition with loss to follow-up over time. Second, the use
of self-reported questions about comorbidities, could have
underestimated their frequency, and because of the
underdiagnosis of chronic degenerative diseases in the general
population. Third, our analyses are based on the total score of
a cognitive test, leaving out the possibility to consider specific
cognitive domains that are more likely to deteriorate with MCR.

Nevertheless, there are several strengths worth mentioning.
First, we worked with a subsample from a representative
study of Mexican older adults where information concerning
diverse variables was gathered. This allowed us to include other
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medical conditions and sociodemographic data with possible
confounding effects. Second, as a longitudinal cohort study,
it provided the possibility to follow the change in cognitive
function and analyze the role of MCR as a risk factor. Third,
the assessment of functional independence in our study was
defined by the lack of difficulty with instrumental activities
of daily living, which involve greater cognitive demand than
the basic activities of daily living used in other studies (19)
ensuring a normal cognitive function at baseline. Fourth, to our
knowledge, this is the first study recognizing this syndrome in
Mexican population.

In conclusion, our study suggests that MCR syndrome is
a risk factor for cognitive impairment and a highly prevalent
condition among Mexican older adults. Gait evaluation in
individuals with subjective memory complaints could allow
the early identification of persons at risk of developing
cognitive impairment and possibly subsequent dementia. More
longitudinal studies are needed to confirm this association.

Ethical standard: The study protocol complies with the current laws of Mexico.
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