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Abstract
OBJECTIVES: Frailty is a risk factor for poor cognitive performance 
in older adults.  However, few studies have evaluated the association 
of cognitive performance with frailty in a low- to middle-income 
country (LMIC). This study aimed to investigate an association 
between cognitive performance and frailty in older adults with 
memory complaints in Brazil. Secondarily, we aim to assess an 
association of cognitive performance with gait speed and grip strength. 
DESIGN: Cross-sectional study.
SETTING: Outpatient service from a LMIC.
PARTICIPANTS: Older adults with memory complaints reported by 
the participants, their proxies, or their physicians. 
MEASUREMENTS: Frailty was evaluated using the Cardiovascular 
Health Study criteria. A neuropsychological battery evaluated memory, 
attention, language, visuospatial function, executive function. Linear 
regression analysis with adjustment for age, sex, and education was 
used. We also evaluated the interaction of education with frailty, grip 
strength, and gait speed. 
RESULTS: Prefrailty was associated with poor performance in the 
memory domain, as well as slower gait speed was associated with 
worse performance in memory, attention, language, and executive 
function. Frailty and grip strength were not associated with cognitive 
performance. Interactions of education with gait speed were significant 
for global performance, as well as for attention and visuospatial ability.
CONCLUSION: In elderly patients with memory complaints, 
prefrailty was associated with poor memory performance. Slowness 
was associated with poorer performance in some cognitive domains, 
mainly in participants with low education. 
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Introduction

Frailty syndrome and neurocognitive disorder are 
of cardinal importance in the current context of a 
rapidly aging world (1). The prevalence of dementia 

among community-dwelling older people is estimated to be 
4.7% worldwide, and it is estimated to be even higher in 
Latin America (8.5%) (2). Frailty has a prevalence of 10.7% 
worldwide (3) and 13.5% in Brazil (4). Both conditions 
are known for enhancing adverse health outcomes, like 
hospitalization, disability, and mortality (5,6). Therefore, 

in low- and middle-income countries (LMIC), the burden 
of population aging can be even more challenging. Both 
conditions share mutual physiopathology, like inflammation, 
insulin resistance, endocrine distress (7), and age is the most 
important risk factor for both (8, 9). The coexistence of frailty 
syndrome and cognitive impairment has been described, 
although the association mechanisms are not clear (10).  Frailty 
syndrome is a risk factor for cognitive impairment, and poor 
cognitive performance can predict frailty (11–13).  

One of the most common complaints among older adults 
is forgetfulness (14). Evaluating individuals with memory 
complaints is usually the trigger to assess cognitive function 
in individuals at risk for cognitive impairment. Early 
evaluation of cognitive complaints is important to manage 
lifestyle, risk factors, and to start cognitive rehabilitation 
(15). Cognition evaluation is frequently done using screening 
tests, like the Mini-Mental State Examination (16). They 
show good reliability and are useful for general clinical and 
geriatric practice (17), but they lack detailed information 
in cognitive domains that helps to provide a more precise 
diagnosis of the etiology of the cognitive impairment (18). 
A neuropsychological battery can help to provide detailed 
information about several cognitive domains (19).  

Cognitive domain patterns associated with frailty syndrome 
have been studied in some countries (20–22), but as far 
as we know, not in LMIC, where low education and more 
impoverished socioeconomic conditions negatively influence 
general health conditions and increase the risks for both frailty 
and cognitive impairment. Therefore, we aimed to investigate 
the association of performance on cognitive domains with 
frailty in a sample from a LMIC. Additionally, we aimed to 
evaluate the association of cognitive performance with walking 
speed and strength.  

      
Methods

Design, setting, and participants 

Patients with memory complaints were recruited from 
an outpatient geriatric service at a tertiary hospital located 
in the city of São Paulo, Brazil. Trained geriatricians and 
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neuropsychologists evaluated participants from June 2016 to 
August 2018. Patients of 60 years or more were included if 
memory complaints were reported by the participants, their 
proxies, or their physicians. Exclusion criteria were a previous 
diagnosis of dementia, presence of delirium, psychosis, drug 
or alcohol abuse, low visual acuity (Snellen test equal 20/200 
or worst), incapacitating aphasia or dysarthria, inability to 
walk without proxy help, clinical instability (e.g. hypoxemia, 
hypotension, decompensated heart failure, chemotherapy, Child 
Pugg class C liver failure, hemodialysis, and end-life clinical 
conditions), or absence of fluency in Portuguese. Informed 
consent was applied and the local ethical committee in research 
approved this study. 

Clinical and sociodemographic evaluation

Patients or proxies were interviewed for sociodemographic 
data, and electronic medical records were assessed to evaluate 
the Charlson comorbidity index. We also measured de body 
mass index (BMI), using the weight and height squared.

Frailty evaluation

Frailty was evaluated using the Phenotypic Criteria 
of the Cardiovascular Health Study (23), composed of five 
dichotomous items: (A) Unintended weight loss of 5% or 
more in the last 12 months (B); Weakness measured with a 
handgrip dynamometer, using the best of three measures from 
the dominant hand (Supplementary Table 1) (24); (C) Slowness 
was evaluated by the time taken to walk 4 meters, using the best 
of two measures (Supplementary Table 2) (24); (D) Exhaustion 
was defined by answering “a moderate amount of the time” or 
“most of the time” during the last week for the two questions 
“I could not get going” or “I felt that everything I did was 
an effort”; (E) Physical inactivity was evaluated using the 
International Physical Activity Questionnaire (25). Participants 
were classified as robust if their score was 0, prefrail if their 
score was 1 or 2, or frail if their score was 3 or higher. 

Neuropsychological Evaluation 

Thirteen cognitive tests were applied in a single session, in 
a quiet and bright room by a single researcher for an average 
of two hours. These tests were grouped into five cognitive 
domains. A z-score was calculated for each test by subtracting 
the participant’s test score from the sample mean score and 
dividing the difference by the sample standard deviation. We 
then calculated the domain z-score by averaging the z-scores of 
the tests for each domain: 

(A) Memory: Hopkins Verbal Learning Test-Revised 
(HVLT-R) Total Recall and Logical Memory I from the 
Wechsler Memory Scale-Revised (WMS-R) – Paragraph A;(26) 
HVLT-R Delayed Recall, HVLT-R Discrimination Index and 
Logical Memory II WMS-R – Paragraph A; (26, 27) 

(B) Language: Boston Naming test (30 items) and Category 
Fluency (Animals);(28, 29)  

(C) Visuospatial Functions: Line Orientation of Repeatable 

Battery for Assessment of Neuropsychological Status (RBANS)
(30) and clock drawing task CLOX 1;(31) 

(D) Executive Functions: Wechsler Abbreviated Scale of 
Intelligence (WASI) Color Trails 2 and Matrix Reasoning 
Subtest from Wechsler Abbreviated Scale of Intelligence 
(WASI);(32, 33) 

(E) Attention: Digit Span Subtest from Wechsler Adult 
Intelligence Scale-III (WAIS-III) and Color Trails 1.(32, 34) 

A global composite z-score was calculated by averaging 
all tests and then generating a z-score from this average. We 
added a negative sign for tests Color Trails 1 and Color Trails 
2 tests because the lower the time spent, the better the result, as 
opposed to the other tests.    

Statistical Analysis

Characterization of the sample was done using means and 
standard deviation for interval variables, and frequencies for 
categorical ones. For descriptive analyses, we used chi-square 
for categorical variables, and one-way ANOVA and Kruskal-
Wallis tests for interval variables according to their distribution.  
The dependent variables were the global composite score 
and the z-scores for each cognitive domain. The independent 
variables were the frailty status with robust category as the 
reference. We evaluate the association of frailty with cognitive 
performance using linear regression models adjusted for age, 
sex, and education. We also investigated the association of 
cognitive performance with muscle strength and gait speed 
(continuous variables), using linear models adjusted for the 
same demographic variables. Additionally, we evaluate the 
interaction of education with frailty, gait speed, and grip 
strength on cognitive performance using linear regression 
analysis models adjusted for age and sex. We used Stata 15 
(StataCorp 2017, College Station, TX) for statistical analyses. 
The alpha level was set at the 0.05 level.

Results

The flowchart of the study participants is presented in 
Figure 1. In 160 individuals, the mean age was 80.3±6.5 years 
old, 73.1% were women, mean education was 5.6±5.2 years, 
and 63.7% were white.  Regarding the frailty evaluation, 
16.3% were robust, 61.3% prefrail, and 22.4% frail (Table 
1). Prefrailty was associated with poor performance in the 
memory domain (β=-0.37, 95%CI= -0.74 to -0.01, p=0.046) in 
adjusted models (Table 2). Slowness was associated with poor 
global composite z-scores and all cognitive domains except 
visuospatial ability (Table 3). Frailty and grip strength were not 
associated with worse cognitive performance. 

We found interactions between education and gait speed, 
suggesting a worse performance in global cognitive function, 
attention, language visuospatial ability (Figure 2). However, 
interactions of education with frailty and muscle strength were 
not significant (Supplementary Table 3).
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Discussion

In this study of older adults with memory complaints, 
prefrailty was associated with poor memory performance. Older 
adults with frailty presented worse cognitive performance in all 
domains, but these associations did not remain after adjusting 
for sociodemographic variables. Slower performance in the gait 
speed test was associated with a worse performance in global 
cognitive function, memory, attention, and language. Besides, 
the associations were significant in all cognitive domains 
when gait speed was performed with a distractor. Muscular 
strength was not associated with cognitive performance. We 
found an interaction between education and gait speed in the 
global cognitive function, language, attention, and visuospatial 
function.

Some points may explain our finding of worse memory 
performance in older adults with prefrailty. The first point is 
that the individuals with memory complaints are expected 
to have a high frequency of amnestic patterns, which may 
justify the lower performance in the memory domain in our 
sample. Moreover, during the trajectory of cognitive decline in 

neurodegenerative diseases, the decline in memory function is 
usually one of the earliest symptoms (35). The third point is that 
possibly the severity of the frailty syndrome and the cognitive 
impairment evolve together. The robust state coincides with 
normal cognitive aging. As physical status changes to prefrailty, 
there may be an agreement with the development of early 
cognitive symptoms. In this way, frailty occurs with advanced 
stages of dementia. Both frailty and pathological cognitive 
aging lead to high consumption of physiological reserve. Along 
with these lines, when there is high consumption of physical 
and cognitive physiological reserve, we have the diagnosis of 
cognitive frailty, which is defined as the presence of cognitive 
impairment in the presence of physical frailty (130), been the 
cognitive component not attributable to Alzheimer’s disease or 
some other dementia (36). The association of poorer memory 
performance with prefrailty was not found in another study with 
a small sample but agreed with other important studies (37). 
A cross-sectional study in Ireland evaluated the association of 
cognitive domains with prefrailty and frailty (20). This study 
found an association of all cognitive domains with prefrailty 
and frailty, but discrete cognitive differences between prefrailty 
and frailty status (21).  In another large cross-sectional study 
in Greece, the greater the number of compromised cognitive 
domains, the greater the chance of frailty, with an odds ratio of 
1.56 (CI 1.04–2.36; p = 0.03) (22). 

Our finding of gait speed association with lower global 
cognitive performance, memory, attention, and language is 
consistent with the literature (38). Slowness was associated 
with a worse performance in overall cognitive performance and 
language in some Brazilian studies (39) (40). Gait speed is a 
significant predictor of global health and cognitive dysfunction; 
mostly if associated with a memory complaint, configuring the 
motor cognitive risk syndrome, which has a high predictive 
value for conversion to dementia, especially vascular dementia 
(41). This phenomenon occurs mainly when vascular dementia 
is caused by microvascular disease in the subcortical area, an 
area also responsible for gait automatism (42). Indeed, gait 
requires more than automatic mechanisms to be performed (43). 
The concomitant execution of motor functions with a cognitive 
demand, called dual-task, is part of routine life and has been 

Figure 1. Flowchart of study participants

Table 1. Baseline characteristics of the older adults according to frailty status (n=160)
Total 

n = 160
Robust 
n = 26 
16.3%

Prefrail 
n = 98 
61.3%

Frail
 n = 36 
22.4%

p

Age (years), mean (SD)† 80.3 (6.5) 78.6 (6.1) 80.2 (6.3) 81.9 (6.9) 0.121
Female, n (%)‡ 117 (73.1) 19 (73.1) 71 (72.4) 27 (75.0) 0.068
Education (years), median (IQR)§ 5.6 (5.2) 7.7 (2.0-13.0) 5.8 (2.0-9.0) 3.5 (0.5-4.5) 0.015
Race, n (%)‡ 0.031
White 102 (63.8) 14 (53.8) 59 (60.2) 29 (80.5)
Black 42 (26.3) 6 (23.1) 30 (30.6) 6 (16.7)
Other 16 (10.0) 6 (23.1) 9 (9.2) 1 (2.8)
BMI* (kg/m2), mean (SD)† 27.2 (4.6) 27.0 (3.9) 27.3 (4.8) 27.3 (4.7) 0.953
Charlson, median (IQR)§ 1.3 (1.4) 0.6 (0.7) 1.2 (1.4) 1.9 (1.7) 0.018
*BMI=Body Mass índex; SD=standard deviation; IQR=interquartile range; †one-way ANOVA; ‡chi-square test; §Kruskal-Wallis test
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studied to evaluate motor outcomes, especially falls. However, 
little has been studied about its association with cognitive 
outcomes. When we used a cognitive task with the gait speed 
test, we tried to introduce a test with some similarity to the 
daily challenges. We hypothesized that the introduction of this 
dual-task would sensitize our assessment of the association 
of gait speed with cognitive function, not only by slowing the 
participant but by adding complexity to the cognitive task. The 
association of all cognitive functions with gait speed with a 

distractor suggests that this dual-task can be a useful evaluation 
model. Our findings agree with a study in which the execution 
of an isolated motor task did not show any difference between 
the control group of cognitively preserved older individuals 
compared to a group with cognitive impairment, but the 
addition of the double task generated a slowing in the motor 
response in the group of older adults with cognitive impairment 
(44).

The handgrip strength measure seems to be higher in 

Figure 2. Predicted cognitive performance according to interaction between education levels and gait speed
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developed countries than in developing countries (45), which 
suggests that the socioeconomic level positively influences 
this measure. Weakness was associated with lower global 
cognitive performance (46). However, another study found 
that a test called functional reach (a validated test that tested 
the ability to pick up small objects and transport them with 
a spoon repeatedly) showed a more strong association with 
cognitive performance compared to the strength measurement 
(47). Therefore, the assessment of fine motor functions, such 
as coordination and speed, may be better predictors of the risk 
of cognitive decline than the assessment of strength. Thus, 
in cross-sectional studies, the magnitude of the association 
of cognitive performance with strength was weaker than that 
the one found with gait speed, which was not supported by 
longitudinal evaluations (48).

We found an effect modification on global cognitive 
performance and visuospatial function when we investigated 
the interaction of education with gait speed These interactions 
were expected since the low educational level is a known risk 
factor for worse cognitive performance, and it is associated 
with a low socioeconomic level, increased comorbidities, and 
worse global health conditions (49). Besides, low education is 
a risk factor for frailty (8). Additionally, gait speed performance 
depends on the musculoskeletal system, which in turn depends 
on good nutrition and engagement in physical activity (50). On 
the other hand, the lower the level of education, the lower the 
engagement with physical activity, and the worse the quality 
of nutrition (51), which may interfere with gait quality. With 
aging, postural control is increasingly dependent on cortical 
control (52), therefore depending on cognition.

As far as we could ascertain, we did not find any studies 
to compare the results of the analysis of the interaction of 

education with frailty and its components. 
The main strength of this study is the neuropsychological 

assessment in a sample from a LMIC. As far as we know, it is 
the only study in Latin America to apply a neuropsychological 
battery to assess cognitive domains and investigate their 
association with frailty syndrome. Also, we investigated the 
interaction of education with frailty and its components to 
identify whether this socioeconomic variable could modify the 
effect of frailty on cognitive performance. The concept of frailty 
has evolved, and it is proposed that it has an intricate network 
of pathophysiological connections (53). For this reason, 
statistical analyzes that move towards clinical complexity are 
essential for the evolution of knowledge of this condition.

However, we need to consider our study limitations. We 
excluded patients incapable of performing physical tests, 
unable to walk alone, and decompensated clinical diseases. 
This may have led to the exclusion of more frail individuals. 
Another limitation of this study is the discrete sample number, 
which may have influenced the lack of associations between 
cognitive performance and frailty. In this study, we did not 
categorize individuals by cognitive diagnosis. However, we 
believe that in this sample, the study of cognitive performance 
is more appropriate since the study of the association of frailty 
with cognitive categories would require a considerably larger 
sample. Finally, this study was performed in a single medical 
center, which decreases the external validity of our findings. 
Finally, this was a cross-sectional study in which the causal 
association between physical performance and cognitive 
function changes cannot be determined.

In conclusion, in older people with memory complaints, 
early assessment of frailty and slowness can contribute to the 
detection of cognitive dysfunction. 

Table 2. Association between frailty status and cognitive performance (n=160)
Z-SCORE Crude Adjusted

Prefrail ß (95% CI)         p Frail ß (95% CI) p Prefrail ß (95% CI)          p Frail ß (95% CI)          p

Global  -0.45 (-0.87; -0.02) 0.037 -0.87 (-1.37; -0.38) 0.001 -0.17 (-0.48; 0.14) 0.292 -0.28 (-0.65 ;0.10) 0.148

Memory -0.59 (-1.01; -0.17) 0.006 -0.85 (-1.34; -0.35) 0.001 -0.37 (-0.74; -0.01)  0.046 -0.39 (-0.83; 0.05) 0.080

Attention -0.04 (-0.47; 0.38) 0.846 -0.61 (-1.11; 0.12) 0.016 0.20 (-0.17; 0.55) 0.252 -0.09 (0.53; -0.33) 0.666

Language -0.41(-0.83; 0.02) 0.063 -0.68 (-1.18; -0.18) 0.008 -0.15 (-0.49; 0.19) 0.384 -0.13 (-0.54; 0.28) 0.528

Visuospatial function -0.14 (-.57; 0.28) 0.514 -0.68 (-1.17; -0.18) 0.008 0.10 (-0.25; 0.45) 0.586 -0.16 (-0.59; 0.26) 0.439

Executive function -0.42 (-0.84; 0.001) 0.054 -0.76 (-1.26; -0.26) 0.003    -0.14 (-0.47 ;0.18) 0.377 -0.17 (-0.56; 0.21)   0.377

Linear regression model adjusted model for age, sex, and education. Reference: robust participants

Table 3. Association between walk speed and cognitive performance (n=160)
Z-SCORE Crude Adjusted

Gait Speed 
ß (95% CI)

 p Gait Speed with Distractor 
ß (95% CI)

 p Gait Speed 
ß (95% CI)

 p Gait Speed with Distractor  
ß (95% CI)

 p

Global -0.03 (-0.05; .001) 0.056 -0.08 (-0.11; -0.05)    <0.001 -0.02 (-0.04; -0.00) 0.010 -0.05 (-0.07; -0.02) <0.001

Memory -0.03 (-0.05; 0.00) 0.056 -0.07 (-0.09; -0.04) <0.001 -0.02 (-0.05; -0.00) 0.026 -0.04 (-0.07; -0.02) <0.001

Attention -0.02 (-0.05; 0.01)   0.116 -0.08 (-0.10; -0.05) <0.001 -0.02 (-0.04; -0.00)   0.045 -0.05 (-0.07; -0.03) <0.001

Language -0.02 (-0.05; 0.01) 0.112 -0.06 (-0.09; -0.04) <0.001 -0.02 (-0.04; -0.00) 0.039 -0.03 (-0.06; -0.01) 0.004

Visuospatial function -0.01 (-0.04; 0.01) 0.279 -0.07 (-0.10; 0.04) <0.001 -0.01 (-0.04; 0.01) 0.179 -0.04 (-0.07; -0.02) <0.001

Executive function -0.02 (-0.04; 0.01) 0.114 -0.07 (-0.10; -0.04) <0.001 -0.02 (-0.04; -0.00) 0.494 -0.036 (-0.06; -0.01) 0.001

 Linear regression model adjusted model for age, sex, and education.
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