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Abstract

Background: Cognitive impairment and frailty are important problems affecting the elderly population. Frail elderly present worse overall cognitive performance.
Objective: The aim of this study was to investigate general and domain-specific cognitive performance among non-frail, pre-frail, and frail elderly persons.
Methods: This is a cross-sectional study in which 267 elderly persons living in Sdo Carlos, SP were divided into three groups according to the frailty criteria
defined by Fried et al. Cognitive performance was evaluated with a battery of cognitive tests covering domains such as memory, attention, language, and executive
functioning. A multinomial logistic regression analysis adjusted for age, gender, and education was performed to evaluate the association between performance
in cognitive domains and levels of frailty. Results: Frailty was significantly associated with lower scores on the global cognitive test (RRR = 0.86; IC 95% 0.78-
0.96; p < 0.01), word list memory (RRR = 0.92; IC 95% 0.86-0.99; p = 0.02), and figure list recognition (RRR = 0.78; IC 95% 0.62-0.99; p = 0.04). Pre-frailty
was associated with lower scores on the word list memory (RRR = 0.92; IC 95% 0.86-1.00; p = 0.04) and naming test (RRR = 0.82; IC 95% 0.69-0.99; p = 0.03).
Discussion: Frailty syndrome can influence general cognition and specific domains such as memory and language. Prospective studies will be fundamental to

evaluate the causal relation between frailty and cognition.
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Introduction

Cognitive impairment is becoming more prevalent in older persons,
and the consequences of dementia for this population are an
increasingly worrying public health issue!. Thus, the study of diseases
and syndromes most present in the elderly population is critical in
order to contribute to the promotion and restoration of their health
and quality of lifez. As well as leading to reduced cognitive capacity
and overload of homeostatic control mechanisms, the aging process
can also result in frailtys.

The frailty syndrome is a complex concept with many definitions
and screening methods. It is estimated that the prevalence of the
frailty syndrome varies from 5% to 58%:*. Fried et al.5 defined
frailty as a state of physiological vulnerability associated with aging,
which results from a reduced homeostatic reserve and difficulty for
the body to adequately respond to stressful eventss. Thus, clinical
manifestations of this syndrome would be linked to impairment
of the functional reserve of important organic systems in charge
of hormonal, immunological, inflammatory, and neurological
processess. Therefore, a frail individual’s organism may not develop
adaptive responses to stressors, such as intense physical activity,
extreme temperatures, or acute diseasess. According to the definition
by Fried et al.5, the frail individual has three or more of the following
biological features: unintentional weight loss (greater than 4.5 kg or
5% of the body weight in the previous year); self-reported fatigue;
muscle weakness; low level of physical activity; and slow walking
speeds. On the other hand, other definitions of frailty include social,
psychological, and cognition factors. Regardless of the diagnostic
method, frailty is associated with aggravation of diseases, cognitive
and functional decline, hospitalization, and deathe.

Clinically, cognitive decline progresses in tandem with functional
decline”. However, the way physical frailty contributes to the cognitive
deficit is not fully established in the literature”. Scientific evidence
suggests that the frailty syndrome can be a significant risk factor
for dementia in elderly personss?, with higher levels of frailty being
associated with lower scores of cognitive tests>1°. Environmental and
genetic factors may also influence the relation between physical frailty
and cognitive functions. Moreover, a hypothetical model proposes
that oxidative stress, mitochondrial dysfunction, possible damage
to DNA, and inflammation may cause impairment in both systems?.

The close link between frailty and cognition helped create a new
term to describe individuals with both characteristics. Thus, cognitive
frailty is a syndrome defined by physical frailty and cognitive impairment
in elderly persons without a diagnosis of dementia!l. Frail elderly
persons suffering from cognitive impairment are prone to deleterious
effects; consequently, understanding the association between these two
variables may contribute to planning early and effective interventions!.

A review article examining the current evidence on the relation
between frailty and cognition!s found that the vast majority of
the studies evaluated the frailty syndrome using the components
defined by Fried et al.5, since the objective was to analyze the physical
dimension of the syndrome. As for cognitive evaluation, the studies
mainly used brief screening scales, such as the Mini-Mental State
Examination (MMSE)®3. These findings suggest the need to use more
complex batteries for cognitive evaluation to determine the domains
most altered by frailty.

Interest in how different cognitive domains are altered in the presence
of the frailty syndrome is recent. Studies suggest that the memory domain
is less affected in frail persons than the executive function!41s. On the
other hand, a study conducted with 761 elderly persons with no cognitive
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impairment at baseline found that physical frailty was associated with
a risk higher than 60% of developing mild cognitive impairment, and
this association was maintained after adjusting for depression and
cardiovascular disease symptoms!¢. The frailty syndrome was linked to
a faster decline in four cognitive domains (semantic memory, working
memory, perceptive speed, and visuospatial capacity)1s.

A study evaluating 4,317 individuals from the age of 50 found
that pre-frailty and frailty are associated with lower scores in the
attentional domain in regression analyses”. Complementing these
data, Han et al.18 evaluated 10,388 aged 65 years or older and found
that frail elderly had worse scores on the MMSE. The regression
analyses showed that cognitive impairment was associated with a
higher risk of the syndrome in men, as well as the orientation and
attention domains were associated with a higher probability of
occurrence of the syndrome in both sexes!s.

Corroborating the study cited above, Chen et al.?? investigated
the association between global cognition and frailty in the elderly
without dementia. Lower scores on cognitive tests, as well as on
their specific domains, were associated with higher likelihood of
frailty!®. These studies reaffirm the close relationship between global
cognition, specific cognitive domains, and frailty in the elderly. In
this sense, detailed information about both variables can contribute
to effective interventions in the clinical context.

In the Brazilian context, few studies have sought to explore the
most altered cognitive domains in the presence of the syndrome. To
evaluate the frailty syndrome in Brazilian elderly and its related factors,
the FIBRA-BR study found that there were more frail and pre-frail
elderly with cognitive deficits than elderly classified as non-frail in seven
Brazilian cities'+20. Components such as muscle strength and slow gait
were associated with performance in the MMSE, the verbal fluency test,
and the clock drowning test20. Besides, the frail elderly showed worse
performance in temporal orientation and immediate memory'4. In
this way, continuing to explore the most altered cognitive domains in
the presence of frailty through broader batteries of cognitive screening
may contribute to uncovering new domains that could be altered in the
presence of the syndrome. Thus, the objective of the present study was
to investigate the differences in general and domain-specific cognitive
performance between non-frail, pre-frail, and frail elderly persons.

Methods
Setting and participants

The study was carried out in the city of Sdo Carlos, a municipality
located in the interior of the state of Sdo Paulo, Brazil. The city has
28,696 inhabitants with more than 60 years of age, corresponding
to 12.9% of the total population2. The study was carried out in a
catchment area covered by a family health program, in which 317
individuals aged over 60 years were registered as dwellers. During
home visits, 28 individuals were not found in their homes or no
longer lived at the address, 5 refused to participate in the study, 2
were bedridden, and 15 did not complete the frailty scale. Thus, the
final sample consisted of 267 participants. The data were collected
between March 2016 and February 2017.

Procedures

This study was approved by the ethics committee of the Federal
University of Sdo Carlos (CAAE: 48602515.5.0000.5504), and all
participants signed the informed consent form prior to participation.
Five trained gerontologists conducted the interviews at the
participants’ homes. Sociodemographic data were also collected.
The participants were divided into frail, pre-frail, and non-frail
groups, according to the criteria adopted by Fried et al.s A self-report
instrument of frailty validated for the Brazilian contextwas usedz2. The
instrument is composed of five biological components: unintentional
weight loss, manual grip strength, self-reported fatigue, reduced
walking speed, and low level of physical activity?2. The classification
of frailty follows the criteria of Fried et al.5: “frail” individuals score

positively on three or more components, “pre-frail” score positively
on one or two components, and “non-frail” do not score positively
on any component>22, In this instrument, the elderly respond “yes”
or “no” to each one of the biological components: (1) unintentional
weight loss — “In the last 12 months, did you lose weight without going
on any diet?”; (2) manual grip strength — “In the last 12 months, do
you feel weaker or think your strength has decreased?”; (3) reduced
walking speed - “Do you think that you are walking more slowly than
you did 12 months ago?”; (4) low level of physical activity - “Do you
think that you are currently performing less physical activity than you
did 12 months ago?”, and (5) fatigue — “In the past week, how often
did you feel that you could not perform daily activities (you started
something but could not finish)?” and “In the past week, how often did
the performance of your routine activities require a major effort?”2.

As for the cognitive evaluation, the following instruments were used:

- MMSE: This is a screening tool widely used for evaluation
of general cognition with a score ranging from 0 to 30. It
evaluates temporal and spatial orientation, memory (fixation
and evocation), language, attention, and calculation?3;

- Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) neuropsychological battery: This battery is compo-
sed of the following cognitive tests: verbal fluency (animals),
Boston naming test of 15 items, MMSE, word list memory,
constructional praxis, delayed word list recall, word list recog-
nition, and delayed praxis recall¢. In the memory evaluation
of this battery, the word list memory, a list of 10 words is
presented to the participant, who should remember as many
words as possible for a maximum period of 90 seconds (free
recall). The procedure is repeated another two times, and
the score is calculated as the sum of the words remembered
in the three attempts. Subsequently, constructional praxis is
evaluated by copying four figures. The delayed recall of the
previously presented word list is performed for a maximum
of 90 seconds. The 10 initial words are presented along with
10 distracters, and the participant must recognize which
words belong to the previously presented list. Finally, the
four previously copied drawings are reproduced?s;

- Brief Cognitive Screening Battery (BCSB): This battery inclu-
des verbal fluency (animals), clock drawing test, and figure
memory test (incidental, immediate, learning, delayed, and
of recognition). It is used with good accuracy in populations
with high illiteracy rates or low levels of education?s. The
evaluation of memory of this battery involves the presentation
of 10 figures (shoe, spoon, comb, tree, turtle, key, airplane,
house, book, and bucket), which should be named aloud
immediately by the individual. Then the figures are presen-
ted another two times, followed each time by an immediate
recall. After performing the verbal fluency test and the clock
drawing test, the 10 figures should be remembered in the
delayed memory test, followed by a final recognition test (10
target figures with 10 distracting figures)?2s;

- Subtest of similarity of the Cambridge Mental Disorders
Examination of the Elderly (CAMDEX): This test consists of
four questions that evaluate the abstraction ability of the par-
ticipants from the similarity between two things or objects, for
instance, “What do an apple and a banana have in common?”2s;

- Digit span test (backward and forward) of the Wechsler Me-
mory Scale-Revised: Consisting of seven pairs of numerical
sequences with different amounts of digits, this test is applied
in backward and forward order. In the forward span, the
sequences have 3 to 9 numbers, and in the backward span, 2
to 8 numbers?’. The test ends after error in two consecutive
sequences. The maximum quantity of repeated numbers
without error is registered for each version?”.

Statistical analyses

A descriptive analysis was performed for the independent variables
considering the total sample and the three frailty groups (non-frail,
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pre-frail, and frail). Pearson’s chi-square test, analysis of variance
(ANOVA), or Kruskall-Wallis test were used to assess differences
between the groups according to the sample distribution and variable
type. The association between frailty and cognitive performance was
analyzed using multinomial logistic regression. The relative risk
ratio (RRR) and their respective 95% confidence intervals (IC 95%)
were calculated for each cognitive test, adjusting for age, gender, and
education. The “non-frail” group was considered as the reference in
the regression models. The analyses were performed using the STATA
15.1, and the significance level considered was 5%.

Results

The participants were classified as non-frail (n = 36), pre-frail (n =
71), and frail (n = 160). Sociodemographic data (gender, age, and
education), as well as the average scores on the cognitive tests in

each frailty group, are shown in Table 1. The frail group had a higher
number of women (63.8%) than men. The average age was 71.5 years
old (£8.6), and the sample had low levels of schooling (63.8% with less
than 4 years of schooling). The frail group presented a lower mean
in all cognitive test scores. Nevertheless, the tests with statistically
significantly differences were the MMSE, the CERAD battery word
list, and the BCSB recognition item, the Boston naming test, and the
backward digit span test.

The multinomial logistic regression results are shown in Table 2.
Frailty was significantly associated with lower scores on the MMSE
(RRR =0.86;1C 95% 0.78-0.96; p < 0.01), CERAD word list memory
(RRR = 0.92; IC 95% 0.86-0.99; p = 0.02), and BCSB figure list
recognition (RRR = 0.78; IC 95% 0.62-0.99; p = 0.04). The pre-frail
level was associated with lower scores on the CERAD word list
memory (RRR =0.93;IC 95% 0.86-1.00; p = 0.04) and Boston naming
test (RRR = 0.82; IC 95% 0.69-0.99; p = 0.03).

Table 1. Sociodemographic variables and battery of cognitive tests in the three groups of frailty (non-frail, pre-frail and frail)

Variable Total (n = 267) Non-frail (n = 36) Pre-frail (n=71) Frail (n = 160) p
Age 70.2 (+7.7) 68.0 (+5.9) 68.6 (+5.5) 715 (+8.6) 0.04
Sex

F 61% 36.1% 60.6% 63.8% <0.01

M 39% 63.9% 39.4% 36.3%
Education

>4 year 43.8% 52.8% 56.3% 36.3% <0.01

<4 year 56.2% 47.2% 43.7% 63.8%
MMSE 22.2 (+5.0) 24.6 (+4.0) 23.0 (+4.7) 21.2 (£5.1) <0.01
Word list memory (CERAD) 12.1(5.8) 14.7 (+6.0) 125 (+5.4) 11.5(+5.8) <0.01
Delayed recall (CERAD) 3.0(+2.5) 3.5(+2.4) 3.1(£2.5) 2.9(+2.5) 0.32
Recognition (CERAD) 72 (x3.1) 79(+3.2) 7.3(x3.0) 7.0(x3.0) 0.07
Constructional praxis (CERAD) 5.3 (+3.3) 5.7 (+3.4) 5.8 (+3.0) 5.0 (+3.4) 0.30
Figures list memory (BCSB) 19.8(6.3) 20.2 (+5.8) 209 (+6.3) 19.3 (+6.4) 0.10
BCSB (Delayed recall) 6.5 (+2.7) 6.5(+2.3) 7.0(£2.8) 6.3 (+2.8) <0.01
BCSB (Recognition) 8.4(x2.7) 9.3(+1.6) 8.5(+2.6) 8.1(+2.8) <0.01
Abstraction subtest (CAMDEX) 2.7(+2.2) 3.3 (+2.6) 2.8 (+2.0) 2.4(+2.2) 0.1
Clock Drawing Test 4.8 (+3.6) 5.0(+3.5) 5.2 (+3.6) 47 (+3.6) 0.32
Verbal fluency 10.4 (+4.0) 10.9 (+4.4) 10.7 (#4.1) 10.1 (£3.7) 0.68
Boston Naming test 11.2 (£2.9) 12.4(£2.3) 11.0 (+3.0) 11.0 (+2.8) 0.04
Digit extension test (Forward) 43(+1.4) 45(+1.2) 46(+1.4) 42 (+1.4) 0.14
Digit extension test (Backward) 2.3(+1.2) 2.7(+0.9) 2.4(+1.1) 2.1(+1.3) 0.03

MMSE: Mini-Mental State Examination; CERAD: Consortium to Establish a Registry for Alzheimer's disease neuropsychological battery; BCSB: Brief Cognitive Screening Battery.

Table 2. Multivariate regression analysis of cognitive domains in relation to frailty (n = 267)

Variable Groups

Reference group Pre-frail Frail

(non-frail) RRR P RRR p
MMSE 0.90 (0.80-1.00) 0.06 0.86 (0.78-0.96) <0.01
Word list memory (CERAD) 0.93 (0.86-1.00) 0.04 0.92 (0.86-0.99) 0.02
Delayed recall (CERAD) 0.91(0.76-1.07) 0.25 0.92 (0.79-1.07) 0.28
Recognition (CERAD) 0.91(0.77-1.06) 022 0.93(0.81-1.08) 0.35
Constructional praxis (CERAD) 1.01(0.88-1.17) 0.84 1.00(0.87-1.13) 0.91
Figures list memory (BCSB) 1.01(0.94-1.09) 0.78 0.98 (0.92-1.05) 0.67
Delayed recall (BCSB) 1.03(0.88-1.22) 0.69 0.97(0.84-1.13) 0.70
Recognition (BCSB) 0.79 (0.62-1.01) 0.06 0.78 (0.62-0.99) 0.04
Abstraction subtest (CAMDEX) 0.87(0.72-1.06) 0.17 0.88(0.73-1.05) 0.15
Clock Drawing Test 1.00(0.88-1.14) 0.93 1.02 (0.90-1.15) 0.75
Verbal fluency 1.00(0.90-1.10) 0.93 0.99(0.90-1.09) 0.81
Boston Naming test 0.82(0.69-0.99) 0.03 0.89(0.75-1.06) 0.19
Digit extension test (Forward) 1.15(0.84-1.56) 0.39 1.01(0.76-1.34) 0.94
Digit extension test (Backward) 0.89(0.61-1.31) 0.57 0.80(0.57-1.13) 0.21

Adjusted for age, sex and education. RRR: Relative Risk Ratio; MMSE: Mini-Mental State Examination; CERAD: Consortium to Establish a Registry for Alzheimer's disease neuropsychological battery;

BCSB: Brief Cognitive Screening Battery.
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Discussion

In the present study, most participants were classified as frail (59.9%)
and pre-frail (26.6%). Participants in the frail group were more
likely to be women and have advanced age and low education level.
This result is compatible with those from other studies evaluating
the frailty syndrome in elderly persons2s2. This profile of frail
elderly persons may be explained by the feminization of ageing
and a significant physiological loss following this process, which
may contribute to the emergence of the frailty syndrome in this
populations. Furthermore, although low schooling is not directly
considered as a risk factor for frailty, it can consequently decrease the
quality of life of aging individuals, thus influencing the occurrence
of the syndromeso.

A review of the literature examining the mechanisms involved in
the relation between the frailty syndrome and cognitive performance
found that few studies tried to answer in an experimental way the
effect of the frailty syndrome on the decline of cognitive functions3!.
However, longitudinal studies indicate that frailty and cognitive
decline are mutually related, since the presence of frailty increases
the risk of cognitive decline and the presence of cognitive decline
increases the risk of frailty. A meaningful discussion to be held
is the role of cognitive decline in the frailty syndrome. Sternberg
et al4 found that the cognitive domain was present in 50% of the
syndrome definitions#. Thus, the central aspect of this debate lies in
the frailty construct.

In this study, the biological model proposed by Fried et al.5 was
used to evaluate the association of frailty with cognitive aspects, since
using a model that included cognition could erroneously increase the
association because of collinearity between the variables. Moreover,
the model by Fried et al. is the most frequently used in the current
literature. However, it must be pointed out that other frailty models
include cognition among the possible domains that may be altered
in the syndrome. This study found significant differences between
the frail and non-frail groups in global cognition, BCSB figure
recognition, and CERAD word list. Additionally, we found differences
between the non-frail and pre-frail groups in the Boston naming test.
The tests used to evaluate these domains are traditionally used in the
neuropsychological evaluation of dementias, especially Alzheimer’s
disease (AD). Buchman et al.32 examined the relation between frailty,
cerebral infarcts, dementia with Lewy bodies, and AD, and found
that the frailty syndrome was associated only with AD (p = 0.252,
SE = 0.077, p = 0.001)32. The authors raised the hypothesis that the
frailty syndrome could be a non-cognitive manifestation of AD32. In
this context, the introduction of frailty assessment in individuals with
dementia, especially those with the AD, seems fundamental. Research
and public policies should increasingly focus on developing strategies
to maintain cognitive and physical health during the aging process.

Bunce et al.33 assessed associations between specific cognitive
domains and the frailty syndrome3. At baseline, the frail elderly
persons showed poorer cognitive performance in processing
speed, word and face recognition, episodic memory, verbal fluency,
and reaction time3s. However, there were no significant changes
throughout the 12 years of study for any of the cognitive variables.
Our findings also showed a higher association between the memory
domain and frailty, so that each figure that was recognized in the
BCSB decreased the risk of the elderly person being in the frail
group by 22%, just as each word remembered in the list reduced
the risk by 8%.

In addition, we found that the Boston naming test was more
altered in pre-frail elderly persons. Since pre-frailty is an intermediate
state of the syndrome, we hypothesized that language impairment
could contribute to a more rapid impairment of other cognitive
domains and, consequently, the progression of the syndrome.
However, we did not find any studies specifically analyzing the
language domain in the presence of frailty. Thus, our findings point
to a cognitive domain that may also be altered in the presence of the
syndrome and call for new studies assessing the relationship between
these two variables more specifically.

Another study that explored the relation between frailty and
functioning in cognitive domains found significant differences when
comparing frail and non-frail elderly in executive functions and
processing speed, but no significant differences in global cognition!s.
When comparing this finding with our results, the methodological
differences of the studies may explain the differences found in
cognitive domains. For example, the methods for screening the
syndrome and defining the frailty groups were different in the two
studies. The authors of the former study also prioritized instruments
that assessed processing speed and executive functions, e.g., the
Wechsler Adult Intelligence Scale (WAIS-III), the Trail Making Test
(part A), and the Stroop color-word test!s.

In an attempt to explore the frailty and cognitive performance
of Brazilian elderly through the BCSB, Yassuda et al.20 found an
association of gait speed and reduced strength to cognitive test
performance in regression analysis2. In this sense, the evidence
suggests that impaired motor skills may be related to cognitive
impairment. Sterndng et al.3 examined the relationship between grip
strength and cognitive performance by assessing 708 participants
over 20 years. The authors used instruments that assessed verbal
skills, spatial abilities, processing speed and memory34. The results
evidenced an association between decreased grip strength and
decreased performance in all cognitive tests*. The evidence presented
here along with the results found in our study reaffirm that motor
and cognitive abilities share common mechanisms. Thus, new studies
should explore these variables more specifically.

The present study has some limitations. Firstly, more instruments
assessing the memory domain were used, and this choice may have
contributed to the obtained results since more specific tests to assess
other domains, mainly functions related to the frontal lobe, may
be essential to detect differences between the groups. Secondly,
other potential confounders such as alcohol use and smoking were
not considered in the analyzes and individuals with dementia,
Parkinson’s disease, or severe depression were not excluded from
the final sample. Lastly, the cross-sectional study does not allow
to establish causal relationships between the frailty syndrome and
decline in the cognitive domains evaluated, which would be possible
in longitudinal designs.

Conclusion

The prevalence of frailty syndrome is a phenomenon that deserves
attention from health professionals and researchers. In this study,
we found a large number of elderly individuals classified as frail
according to their self-perception. Moreover, we found an association
between frailty and poor global cognitive performance, memory,
learning, and language. New prospective studies are fundamental
to evaluate the relation between frailty and cognitive functioning in
specific domains, especially those related to the frontal lobe.
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