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Abstract

Background
Traditionally, the identi�cation of cognitive impairment is based on neuropsychological tests and supported with not widely available biomarkers. This study
aimed to establish the association between motor function (Gait Speed and Handgrip Strength) and the performance in a global cognitive performance and
various cognitive domains. Our secondary objective was to determine a cut-off point for Gait Speed and Handgrip Strength to classify older adults as
cognitively impaired.

Methods
This is a secondary analysis from the SABE Colombia study (Health, Well-Being, and Aging) conducted in 2015. We performed linear regression models, to
establish association with motor function, clinical, and sociodemographic variables, and predict the scores of the Mini-mental State Examination and its
domains (i.e. orientation, recall, counting, and language). The evaluation of the motor function variables as an instrument to separate cognitively impaired
older adults was evaluated by developing a receiving operating characteristic curve (ROC).

Results
Gait speed was associated with orientation (r2 = 0.16), language (r2 = 0.15), recall memory (r2 = 0.14) and counting (r2 = 0.08). Similarly, handgrip strength was
associated with orientation (r2 = 0.175), language (r2 = 0.164), recall memory (r2 = 0.137), and counting (r2 = 0.08). Slow gait had a cut-off point of 0,59 m/s,
with an area under the curve (AUC) of 0.629 (0.613–0.646), whereas a weak handgrip strength had an AUC of 0.653 (0.645–0.661), with a cut-off point of
17.50 Kg for separating those older adults with cognitive impairment.

Conclusions
Gait Speed or Handgrip Strength are similarly associated with cognitive performance, exhibiting the larger associations with orientation and language
domains. Gait Speed and Handgrip Strength can be easily performed by any clinician and seems to be useful screening tools to detect cognitive impairment.

Background
Dementia has become a worldwide health priority that affects the quality of life in older adults and caregivers (1). Research in this area is particularly
important in Colombia where the largest cohort worldwide with familiar autosomal dominant Alzheimer’s disease due to PSEN1-E280A and PSEN1-I416T
genetic variants have been reported (2, 3). In addition, as a middle-income country, smoking, alcohol consumption, diabetes, hypertension, lack of education,
and limited access to the healthcare system increase the risk of dementia by multifactorial causes(4). The latter can be challenging for a timely diagnosis of
dementia in the Colombian context, as the identi�cation of cognitive impairment has been traditionally based on neuropsychological tests and supported by
not widely available biomarkers. Thus, early identi�cation of cognitive impairment through non-cognitive biomarkers is an emerging approach that can be
useful to set up preventive strategies in dementia in low and middle-income countries (5, 6).

There is growing evidence suggesting that dementia, particularly Alzheimer's Disease (AD), is a continuum with a long preclinical stage that can be re�ected in
early motor symptoms (7–9). In recent years, the association between cognitive functions and motor function has been elucidated, suggesting shared neural
networks substrate including frontal-hippocampal pathways (10). Impairment in any of these circuits can be re�ected in motor or cognitive disturbances.
Thus, motor function assessment can be a useful correlate of cognition and a promising predictor of Mild Cognitive Impairment (MCI) and dementia (5).

In the Colombian context, there are previous publications evidencing that motor disfunction are associated with dementia(11, 12). The 5th Canadian
Consensus Conference: This expert panel suggested that individuals with subjective memory complaints, motor dysfunction (i.e. gait speed disturbances, and
dual-task gait impairment), are prone to developing cognitive decline and may be closely followed and screened (13). Currently, no standardized screening
protocols are using those non-cognitive markers that can be applied to Colombia.

In line with the above, the assessment of motor function with Handgrip strength (HS) evaluation has shown to be a good indicator of the whole muscular
strength (14), and preliminary reports have suggested that HS might be a good predictor for the risk of developing cognitive decline(11), frailty, and
dependency in instrumental activities of daily living(15, 16). Another measure of muscular function that has been associated with cognitive impairment is the
gait speed (GS) (17, 18). Abnormalities in GS precede cognitive decline by several years (19–21) and have been considered a potential novel biomarker of MCI,
AD, and other dementias. (22). Both HS and GS are easy to perform, objective, non-invasive, low-cost, widely available, and safe measures, increasing their
acceptability and generalisability. However, little is known about which of the cognitive domains are predominantly related to motor performance, even if that
can be valuable when performing a clinical evaluation in the elderly.

Therefore, the purpose of the following study was to establish the association of motor function (GS and HS) with cognitive function, assessed with the Mini-
mental State Examination (MMSE) and its domains (Orientation, Calculation, Language, and Memory). Our secondary objective was to determine a cut-off
point for GS and HS to classify older adults as cognitively impaired. Based on our preliminary reports(11, 12), we hypothesise that reduced motor function
might be associated with the global cognition and some domains such as orientation and memory.
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Methods

Study design
This is a secondary analysis from the SABE Colombia study (Health, Well-Being, and Aging) conducted in 2015. SABE Colombia is a population-based cross-
sectional study on health, aging, and well-being. SABE Colombia study included a country representative sample of 23,694 older adults living in the
community aged 60 years or more. The sample was probabilistic, clustered, strati�ed/multi-staged by urban and rural areas. The methods and procedures
conducted in the study were based on those used in the SABE international multicenter study in order to reach comparability, generalizability, and harmonized
protocols; however, it was adapted to the Colombian context. The information was integrated within the general framework of the Colombia National Surveys
System. Other technical details of the SABE Colombia study can be found elsewhere (23).

For the current analyses, we included a subsample of 5381 participants. A detailed �owchart with eligibility criteria and selection of our subsample is included,
please see Fig. 1.

Variables

Gait Speed
GS was computed from one sub-test of the Short Physical Performance Battery (SPPB), previously validated for the Colombian population applied in the SABE
Colombia study(24). The participants were asked to walk 3 meters at their regular pace two times from a standing position. Following SPPB protocols, the
best timing of both trials was used to determine GS and previous 3 meters GS was used in Colombian SABE(12).

Hand Grip Strength
HS was measured using an adjustable digital handgrip dynamometer (Takei Scienti�c Instruments Co., Tokyo, Japan). Participants were instructed by the
interviewer. The best score for each hand was recorded in Kg. The handgrip strength was calculated as the average of the left and right hand(25).

Functional status
For basic activities of daily living, we used the Barthel index (ranging from 0 to 100), low scores imply a functional dependency (26). For instrumental
activities of daily living, we used the Lawton and Brody scale (ranging from 0 to 54), high scores can be interpreted as functional impairment (27, 28).

Comorbidities:
Self-reported comorbidities or medical conditions were taken into account if had been diagnosed by a physician. The frequency of hypertension, diabetes,
respiratory diseases, cardiovascular diseases, cancer, and osteoporosis was reported.

Cognitive performance:
To assess cognitive function, we used the Mini-Mental State Examination (MMSE) total score (ranging from 0 to 30), where low values indicate worse
cognitive performance (29, 30). The MMSE was also analyzed in its cognitive domains (i.e. orientation, recall, counting, and language). We used a cutoff of
MMSE score < 25 to classify individuals as cognitively impaired following previously de�ned methods (31).

Statistical analysis
Given the quantitative nature of the variables, we carried out a descriptive analysis of the subsample, through the program R studio. The variables assessed
were: age and sex (sociodemographic) as possible cofounders; Barthel and Lawton score (functionality); MMSE and their domains (orientation, recall,
counting, and language); frequency of arterial hypertension, diabetes, cancer, chronic obstructive pulmonary disease (COPD), myocardial infarction, stroke,
arthropathies and mental diseases (comorbidities); �nally, HS and GS (muscular function). We tested the distribution of each of these variables with the
Kolmogorov-Smirnov (Lilliefors´ correction) test.

Association between muscular function and cognitive variables assessment
We performed various linear regression models, establishing the cognitive variables (MMSE and its domains) as dependent variables, and the remaining
variables of interest as independent variables. In accordance with our objective, we carried out the following models for each dependent variable: a) gait
speed, sex, and age; b) handgrip strength, sex, and age; c) all sociodemographic, functionality variables, comorbidities, and motor function variables. In all
these models we ruled out the presence of collinearity between the independent variables and evaluated possible interactions or confounding effects among
the variables. For the selection of the independent variables in a �nal model, we used backward elimination.

Muscle function for assessment of cognitive impairment
The evaluation of the variables GS and HS as an instrument to categorize cognitive impairment was evaluated by using a sensitivity analysis. A Receiving
operating characteristics (ROC) curve was made, and the Youden index was used to identify the optimal cut-off for each motor function variable. The
respective areas under the curve (AUC), sensibility, speci�city, and accuracy for each motor function variable was also calculated.

Results
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Descriptive analysis by cognitive status is summarized in Table 1. The median age was 68 years for cognitively normal individuals and 75 years for the
cognitive impaired group, and their median of schooling years was 4 years and 1 year, respectively. Women comprised 57.62% of the cognitively normal group
and 62.78% of the cognitively impaired. In the muscular function, both HS and GS, were signi�cantly lower in the cognitively impaired group when compared
to those cognitively normal subjects

Table 1
Descriptive analysis by cognitive status

    Cognitive normal Cognitive impaired P value

    n (%)

Gender Female 2325(57.62) 855(62.78) 0.001

Comorbidities Hypertension 2184(54.21) 843(62.17) 0.001

  Myocardial infraction 550 (13.64) 228(16.79) 0.004

  Stroke 149(3.7) 89(6.55) 0.001

  Diabetes 657(16.34) 240(17.69) 0.251

  Artropaties* 1170(29.05) 343(25.33) 0.008

  Mental Diseases** 326(8.10) 159(11.76) 0.001

  Mean ( SD)

  Age (years) 68 (10) 75 (14) 0.001

  Schooling (Years) 4 (4) 1 (3) 0.001

Muscular function Hand Grip Strenght (kg) $ 23.18 (8.84) 18.74( 8.7) 0.001

  Gait speed (m/s) $ 0.723 (0.23) 0.586 (0.23) 0.001

Functionality Lawton total 0 (2) 4 (10) 0.001

  Barthel Index 100 (0) 100 (5) 0.001

* include Arthrosis, Arthritis and Rheumatoid Arthritis; ** major mental disorders ; $ mean (SD) t-Test

Table 2. summarizes the demographic-adjusted linear regression models to predict cognitive variables. GS was associated with orientation (r2 = 0.16),
language (r2 = 0.15), recall memory (r2 = 0.14) and counting (r2 = 0.08). Similarly, in HS with orientation (r2 = 0.175), language (r2 = 0.164), recall memory (r2 = 
0.137), and counting (r2 = 0.08). Table 3 shows our �nal fully-adjusted model to explore the associations between motor function variables and cognitive
variables. This model included age, presence of mental disorder (the only comorbidity selected after backward elimination), functionality and its interactions.
The presence of these interactions implies that the magnitude of change in the cognitive variables, is even higher if both interaction variables are present. The
analysis revealed that 28.9% of the variability in orientation is attributed to our described model. Also, a this model showed large effect size with language (r2 
= 0,272), medium in memory recall (r2 = 0,192) and small in counting (r2 = 0,108).

Table 2
Association between motor function and cognitive domains.

Measure Mini Mental State Examination

Orientation Recall Counting Language Total

  R2 p value R2 p value R2 p value R2 p value R2 p value

Gait speed 0.17 < 0.001 0.15 < 0.001 0.08 < 0.001 0.16 < 0.001 0.19 < 0.001

Handgrip Strength 0.19 < 0.001 0.15 < 0.001 0.09 < 0.001 0.18 < 0.001 0.21 < 0.001

* Both measures presented signi�cat interaction with age

Figure 2 shows the ROC curves that evaluated HS and GS as markers of cognitive impairment. Regarding HS, the point with the largest area under the curve
(AUC) was de�ned as 17.50 Kg, with an AUC of 0.629 (95% CI: 0.613–0.646). On the other hand, for GS a cutoff point of 0.5999 m/s was de�ned, which had
an AUC of 0.653 (95% CI: 0.645–0.661).

Discussion
Our results enhance the evidence in the relationship between muscular function and cognition. We found that motor function exhibited the largest association
with the orientation domain (Final model r2 = 0.289 ; GS r2 = 0.16 ; HS r2 = 0.175) followed by the language domain (Final model r2 = 0,272 GS r2 = 0.15 ; HS r2 = 
0.164). Our �ndings complement preliminary reports that have showed associations between early motor function and dysexecutive symptoms and semantic
memory impairments (32).
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The underlying neural mechanisms of the motor-cognition relationship is set on the place and grid cells located in the entorhinal cortex, with an important role
in spatial orientation (33). Thus, a correlation between small volume of the left entorhinal cortex and muscular dysfunction was reported in those without
cognitive impairment during the dual-task gait analysis (34). Previously publication determine that executive functions are essential for gait control, since gait
requires the integration of sensory and perceptual information, a continuous updating of the input, and quick adaptations of the gait pattern (35–37).
Similarly, a longitudinal study (38), in dual-task GS 27.4% of the variance was attributed to executive attention, while orientation and attention are cognitive
domains linked to each other(38).

In the same line, speech and language are proven to be among the most reliable markers to distinguish between the types of dementia in which motor
dysfunction can be observed (39). Also, speech and language are cognitive domains strongly associated with the supplementary motor area (SMA), a very
important structure in motor execution, thus, alterations in the SMA and its correlated circuits (subcortical circuits, basal ganglia) may be clinically seen as
alterations in language and motor performance (40). Muscle strength, speci�cally HS can be an overall indication of the integrity of the central nervous
system and the total force of the upper limb muscles. Stronger HS is related to better performance on functional tasks as it can be an indicator of the ability to
walk, rise from a chair, hold small items, toothbrush or comb (16).

Our results showed that the coe�cient of variability in the cognitive domains is similar when analizing GS or HS, suggesting that both variables have similar
performance when evaluating motor function correlates the cognitive status of individuals. Even though GS has emerged as one of the motor domains
strongly correlated with incident dementia, our results showed that GS and HS may be an alternative parameter that can be used in the clinical practice to
assess individuals at risk to develop dementia. GS and HS has been reported as a useful single marker of frailty (41). Likewise, handgrip dynamometers are
inexpensive, easily portable, non-invasive, reliable, do not require extensive training, and are not biased by learning effects that can be seen in
neuropsychological tests (16).

In line with our �ndings, previous reports have shown that poor physical performance is associated with cognitive decline. Besides, GS and HS represent a
core determinant of physical frailty and sarcopenia, which are both associated with cognitive impairment (42). More recently, there has been proposed that
physical and cognitive decline can occur simultaneously and they can share common etiologies (43). Hormonal levels and in�ammatory biomarkers are
thought to be implicated in cognitive dysfunction; indeed, hormones like Irisin, are expressed not only in the muscle but also in the brain and it reduces
neuroin�ammation and post-ischemic oxidative stress, suggesting that this molecule may play an important role in neuroprotection and synaptic plasticity
(44). Similarly, higher levels of pro-in�ammatory cytokines, such as IL-6, were associated with greater cognitive decline as well as lower HS. Associations
between impaired cognitive performance and poor physical performance in GS and balance suggest that abnormalities in the nervous system processing
speed may be linked to changes in cognitive function (16).

In our analyses, the accuracy of GS and HS as methods to identify cognitive impairment was 65% and 63%, respectively. The cut-off point set for GS was
0,59 m/s, and for HS was 17.5 kg. This is one of the main contributions of our study based on the fact that we propose a non-cognitive way to classify older
adults with cognitive impairment in a national representative sample in a middle-income country, �lling knowledge gaps in motor biomarkers of cognitive
decline research. Currently, there is no su�cient evidence using GS or HS to identify cognitive impairment, for this reason, many recent publications suggest
that combining motor and cognitive measures improves the classi�cation of older adults at risk of dementia (45, 46). Around the world, there is an imperious
need to �nd low-cost, accurate, and accessible biomarkers to identify preclinical stages of dementia (47). Therefore, the results of the present study enhance
the opportunity of diagnosis in countries without access to expensive biomarkers such as Positron Emision Tomography (PET) imagining. However, further
research in this area is needed to extend the generalizability of our �ndings.

Our study has some limitations. First, the cross-sectional did not make us able to establish causality. This points to the importance of conducting longitudinal
studies evaluating the predictive validity of HS and GS and standardizing the optimal cut-off for detecting individuals with impaired cognition. Second, we
calculated the ROC curve taking as a comparator a score greater than 24 for the MMSE, which is not validated in our population. GS in the 3 meters test is not
a routingly used and this results may underestimated speed(48). However, we do not consider that it biases our results as has been used in previous works(12,
18). Nevertheless, the SABE Colombia study has the largest sample of Latin American older adults, providing to our analyses a good statistical power.

Conclusion
GS or HS are associated with cognitive impairment, with the larger association in orientation and language domains. GS or HS seems to be useful screening
tools for cognitive impairment and can be performed by any clinician. Both motor function tasks share similar operational characteristics and can be used
independently. This approach is particularly helpful for low-and middle-income countries such as Colombia since it could reduce the costs associated with a
full neuropsychologic assessment or biomarkers such as PET imaging.

Abbreviations
ROC: receiving operating characteristics, AUC:area under the curve, MCI:mild cognitive impairment, HS:handgrip strength, GS:gait speed, MMSE:mini-mental
State Examination, SPPB:short physical performance battery, COPD:chronic obstructive pulmonary disease, SMA:supplementary motor area, PET:positron
emision tomography
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Figures

Figure 1

Flow-chart selection.
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Figure 2

ROC curves de�ning cut-off points for HS (left) and GS (right) as markers for cognitive impairment, in the points with largest AUC. AUC: area under the curve,
HS: handgrip strength, GS: gait speed
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