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Abstract

Background and purpose: The aim was to determine whether frailty is associated with the
relationship between neuropsychological markers and global cognition in older adults.
Methods: Cross-sectional analyzes were conducted of baseline data from three large co-
hort studies: National Alzheimer's Coordinating Center (NACC), Rush Memory and Aging
Project (MAP) and Alzheimer's Disease Neuroimaging Initiative (ADNI). Studies recruited
North American participants along the spectrum of cognitive functioning (44% no cogni-
tive impairment at baseline). A frailty index was computed in each dataset. Frailty indices,
neuropsychological tests (including measures of processing speed, episodic, semantic and
working memory) and Mini-Mental State Examination (MMSE) scores were the variables
of interest, with age, sex, education and apolipoprotein E €4 evaluated as confounders.
Results: Across all studies, 23,819 participants aged 55-104 (57% female) were included
in analyzes. Frailty index scores were significantly and inversely associated with MMSE
scores and significantly moderated relationships between neuropsychological test scores
and MMSE scores. In participants with higher frailty index scores, lower neuropsycho-
logical test scores were more strongly associated with lower MMSE scores (standardized
interaction coefficients ranged from -0.19 to -1.17 in NACC, -0.03 to -2.27 in MAP and
-0.04 to -0.38 in ADNI, depending on the neuropsychological test). These associations
were consistent across the different databases and were mostly independent of the com-
position of frailty indices (i.e., after excluding possible symptoms of dementia).
Conclusions: Amongst older Americans, frailty is associated with the cognitive expression
of neuropsychological deficits. Implementation of frailty assessment in routine neurologi-
cal and neuropsychological practice should be considered to optimize care outcomes for

older adults.
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INTRODUCTION

Neuropsychological tests play a pivotal role in the clinical approach
to cognitive disorders. Even with the growing availability and use
of biomarkers [1], standardized neuropsychological measurements
of cognitive skills and impairments remain essential in diagnosing
dementia, discriminating between dementia aetiologies, monitoring
trajectories of progression over time and developing individualized
therapeutic strategies [2, 3]. These measurements are also used to
identify dementia risk conditions (e.g., mild cognitive impairment
[MCI]; subjective cognitive decline) [4, 5] and are commonly used
in research protocols to determine participant eligibility and as end-
points (either alone or combined into composite scores) [6]. For neu-
ropsychological testing to be most valuable in these contexts, factors
impacting their scores and interpretation must be well understood.

Frailty is defined as the age-related decline in physiological ca-
pacity across several organ systems. It is manifest in a greater risk for
adverse outcomes, which can reflect a lesser ability to resist a given
stress or to recover from it in a timely fashion [7]. Frailty has recently
been demonstrated to moderate the relationships between the
neuropathological hallmarks of Alzheimer's disease and the clinical
presentation of dementia [8]; polygenic dementia risk and dementia
development [9]; and Alzheimer's disease biomarkers and cognitive
status [10]. Previous work has consistently reported lower cognitive
test scores for people with higher degrees of frailty [11-13], and the
concept of ‘cognitive frailty’ has been introduced to explain the ad-
verse outcomes commonly seen amongst people with the combined
presence of both frailty and cognitive deficits [14].

Increasingly, too, it is recognized that the degree of frailty may play
a role in moderating the relationship between test scores and their
expression as a disease [15]. For these reasons, frailty assessment
might be important when interpreting the relationship between neu-
ropsychological tests and underlying neural substrates. In other words,
frailty may influence the expression of cognitive change and alter the
accuracy of neuropsychological tests, hampering their interpretability.

In the present study, the aim was to understand the clinical utility of
measuring a patient's degree of frailty regarding its impact on the inter-
pretation of neuropsychological testing. Here, recent advancements
on the role of frailty assessment in clinical neurological practice [16-
20] are built upon to test two hypotheses: (i) a higher degree of frailty is
associated with worse global cognitive functioning as measured by the
Mini-Mental State Examination (MMSE), and (ii) frailty moderates the
relationship between neuropsychological measures and global cogni-

tive functioning, independently of common confounding factors.

METHODS
Sample and datasets
Participants were drawn from the baseline assessments of three

large, independent cohort studies of dementia and cognitive decline
(Table 1): the National Alzheimer's Coordinating Center (NACC), the

TABLE 1 Characteristics of the analytical sample.

Subsample
Characteristic NACC MAP ADNI
N 21,474 1,575 770
Age, years
Mean (SD) 73.3(8.8) 80.1(7.4) 72.7 (7.2)
Range 55-104 55-101 55-91
Sex, N (%)
Men 9,350 (44)  420(27) 404 (53)
Women 12,124 (57) 1,155 (73) 366 (48)
Education, years, mean (SD) 15.1(3.4) 14.6 (3.2) 16.3 (2.6)
Cognitive status, N (%)
Dementia 7,544 (35)  77(5) 145 (19)
MCI 4,831 (23) 402 (26) 335 (44)
Not cognitively 9,099 (42)  1,095(70)  290(38)
impaired
MMSE score
Median (IQR) 28 (5) 28 (2) 28 (4)
Mean (SD) 25.7(5.2) 27.5(3.2) 27.4(2.7)
Range 0-30 1-30 19-30
Frailty index score
Median (IQR) 0.13(0.14) 0.19(0.15) 0.20(0.13)
Range 0.00-0.65 0.00-0.77  0.00-0.56
APOE ¢4 carrier, N (%) 8,764 (41)  348(22) 354 (46)

Note: Proportions may not sum to 100% due to rounding.
Abbreviations: ADNI, Alzheimer's Disease Neuroimaging Initiative;
APOE, apolipoprotein; IQR, interquartile range; MAP, Memory and
Aging Project; MCI, mild cognitive impairment; MMSE, Mini-Mental
State Examination; NACC, National Alzheimer's Coordinating Center;
SD, standard deviation.

Rush Memory and Aging Project (MAP) and the Alzheimer's Disease
Neuroimaging Initiative (ADNI). Participants were eligible for inclu-
sion in the analytical sample if they were 55 years of age or older, had
data available on covariates (age, sex, education level and apolipo-
protein E [APOE] e4 status), had sufficient demographic and health
data to calculate a frailty index at their baseline assessment and had
valid performance data for at least one of the included cognitive
tests (Table 2).

National Alzheimer's Coordinating Center (NACC)

NACC data are contributed by Alzheimer's Disease Research Cent-
ers (ADRCs) in the United States (https://naccdata.org). Since 2005,
these ADRCs have employed prospective, standardized and longi-
tudinal data collection methods involving detailed clinical evalua-
tions of study participants. The resulting Uniform Data Set (UDS)
comprises information on participants' sociodemographics, neuro-
logical examination findings, functional status, neuropsychologi-
cal test results and clinical diagnoses, with UDS visits conducted
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TABLE 2 Means and standard deviations for neuropsychological tests included from each study.

NACC MAP ADNI
Cognitive domain Test Mean (SD) n Mean (SD) n Mean (SD) n
Episodic memory Logical memory (delayed) 7.7 (5.9) 20,872 8.7 (4.7) 1,570 8.2(5.3) 770
Semantic memory Boston naming test 23.9 (6.4) 20,960 13.7 (1.6) 1,551 26.4(4.2) 768
Animal naming 15.7 (6.9) 21,318 16.0(5.4) 1,574 17.9 (6.1) 770
Working memory Digit span forwards 6.3(1.3) 21,176 8.2(2.1) 1,574 - -
Digit span backwards 4.3(1.4) 21,121 6.1(2.1) 1,572 - -
Processing speed Digit-symbol coding 37.7 (15.9) 19,616 36.6 (11.6) 1,535 - -
Trail-making test A 49.9 (33.3) 20,433 - 40.2(19.2) 761
Trail-making test B 136.5 (85.6) 18,570 - 99.9 (52.6) 693

Note: The summary statistics presented here were calculated from raw test scores. Neuropsychological tests without values denote tests that were
not included in the protocol of that study. The MAP used a short form of the Boston naming test (15 rather than 30 items).

Abbreviations: ADNI, Alzheimer's Disease Neuroimaging Initiative; MAP, Memory and Aging Project; NACC, National Alzheimer's Coordinating

Center; SD, standard deviation.

approximately annually. Participants contributing data to the NACC
UDS include healthy volunteers as well as people with MCI, de-
mentia and related disorders. Informed consent was obtained at
the individual ADRCs. The NACC is approved by the University of
Washington Institutional Review Board. Baseline data from 21,474
NACC participants assessed at 34 ADRCs between September 2005
and February 2020 were used in this study.

Memory and Aging Project (MAP)

The Rush MAP is a clinical-pathological cohort study that, since its
inception in 1997, has enrolled over 2,100 older adults with annual
clinical evaluations [21]. This study recruited from residential facili-
ties, senior and subsidized housing, church groups and social service
agencies in northeastern Illinois (USA). Participants were eligible for
enrolment if they were able and willing to sign (i) an informed con-
sent and (ii) an Anatomical Gift Act, agreeing to donate their brain,
spinal cord and other biospecimens at their death. Participants also
signed a repository consent that allowed their data to be repurposed
for other studies. MAP was approved by an Institutional Review
Board of Rush University Medical Center, Chicago, IL, USA. Data
access can be requested at www.radc.rush.edu. Baseline data from
1,575 MAP participants were used in the present analyzes.

Alzheimer's Disease Neuroimaging Initiative (ADNI)

Data used in the preparation of this study were also obtained
from the ADNI database (http://adni.loni.usc.edu). The ADNI was
launched in 2003 as a public-private partnership led by Profes-
sor Michael W. Weiner. The primary goal of ADNI has been to test
whether serial magnetic resonance imaging, positron emission to-
mography, other biological markers, and clinical and neuropsycho-

logical assessment can be combined to measure the progression of

MCI and early Alzheimer's disease. Written informed consent was
obtained from all participants. Study procedures were approved
by local institutional review boards. Full details of ethics approval,
study design, participant recruitment and clinical testing have been
published previously and are available at adni-info.org. Baseline
data from 770 persons participating in phase 2 of the ADNI project
(ADNI2) were included in the analytical sample.

Global cognitive functioning and cognitive status

Global cognitive functioning was assessed in all studies using the
MMSE [22]. Briefly, the MMSE is a 30-point scale comprising sev-
eral cognitive domains, including visuospatial, language, attention,
memory recall, orientation. Higher scores indicate better cogni-
tive performance. Despite only providing a rough measure of the
individual's cognitive functioning, the MMSE is amongst the most
widely used tools to screen for cognitive impairment, track changes
in cognitive functions over time and define the severity of cognitive
deficits [23]. On occasions and in settings where an extensive and
formal neuropsychological evaluation is not available, it often plays
a central role in the diagnosis of dementia [24].

Cognitive status was determined by clinical assessment in each
study. In the NACC, either a consensus team or a single physician used
standard diagnostic criteria to classify participants as either normal
cognition, MCI [25, 26] or all-cause dementia [27, 28]. In the MAP,
presumptive diagnoses of dementia and Alzheimer's disease were
calculated via an algorithmic decision tree using accepted clinical cri-
teria [28] and confirmed by a clinician. Participants were diagnosed
with MCl based on cognitive impairment in the absence of a dementia
diagnosis [29]. In the ADNI, the diagnosis of MCl was based on the
Petersen criteria [5, 30]. In contrast, patients with Alzheimer's disease
dementia met the National Institute of Neurological and Communi-
cative Disorders and Stroke and the Alzheimer's Disease and Related

Disorders Association criteria for probable Alzheimer's disease [28].
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Neuropsychological tests

Individual neuropsychological tests covering several domains were
used in the analyzes presented here (Table 2). As test batteries were
not identical across studies, tests were grouped and analyzed in do-
mains: episodic memory (delayed logical memory [31] for all studies),
semantic memory (Boston naming [32] and animal naming [33] for
all studies), working memory (digits forward and backward [34] for
NACC and MAP) and processing speed (digit symbol pairs [34] for
NACC and MAP, trail-making tests A and B [35] for NACC and ADNI).

Frailty index

A separate frailty index operationalized the degree of age-related
health-deficit accumulation in each dataset (see Table S1). A frailty
index is a common measure of health status and closely reflects an
individual's risk for adverse health events and mortality, indepen-
dently of chronological age [36-38]. Variables included in a frailty
index can be symptoms, signs, functional disabilities and comorbidi-
ties [39]. To calculate a frailty index, the number of health deficits
present in an individual is divided by the total number of deficits
considered in the clinical evaluation, with higher scores represent-
ing higher frailty. For example, if a person has 10 deficits out of
50 variables considered, the frailty index will be 10/50=0.20. For
our analyzes, frailty was evaluated as a continuous measure (0-1)
as well as a categorical variable using cut-points to indicate low
(scores <0.10), intermediate (scores 20.10 and <0.25) and high
frailty (scores 20.25) [40]. For a sensitivity analysis, the frailty in-
dices generated in the three datasets were recalculated excluding
deficits that could potentially represent symptoms of dementia (i.e.,
functional deficits, stroke, psychiatric disorders and psychiatric
symptoms; Table S1) [41].

Demographics and covariates

All models evaluated age, sex, education and APOE ¢4 status as po-
tential confounders and these were included as covariates. Age and
education were measured in years, sex was a self-reported binary
variable (male/female) and APOE ¢4 status was categorized as any
APOE ¢4 allele or none. Covariate selection was guided by recom-
mendations published elsewhere [42] and based on our previous
work demonstrating strong links between these characteristics and

later-life cognition [19].
Statistical analysis
Sample characteristics and descriptive summary statistics were

calculated for variables of interest in each dataset. Characteristics

of the frailty indices were examined by plotting the distribution of

frailty index scores (density plots) and calculating their relationship
with age using Pearson correlations.

As the scoring was different for some neuropsychological tests
across datasets (NACC, MAP, ADNI), standardized scores (Z scores)
for these variables were used in statistical models. Within the ana-
lytical sample of each dataset, means and standard deviations were
first calculated for each neuropsychological test. Next, Z scores
were calculated for each participant for each neuropsychological
test by subtracting their test score from the sample mean and di-
viding by the sample standard deviation. These Z scores were trans-
formed so that higher scores represented better performance for
all neuropsychological tests. Multiple linear regression models were
used to quantify the relationships between frailty index scores and
neuropsychological test Z scores (the independent variables) with
MMSE scores (the dependent variable) whilst adjusting for known
confounders (age, sex, years of education and APOE &4 status). Sta-
tistical models were built in two steps. First, frailty index scores and
all confounders were added to the model to quantify the strength of
the confounder-adjusted relationship between frailty index scores
and MMSE scores (objective 1). Next, scores from a neuropsycho-
logical test Z score were added to the model and an interaction
term was included with frailty index scores to evaluate whether the
strength and/or direction of the relationship between neuropsycho-
logical test scores and MMSE scores differed as a function of frailty
(objective 2). Separate models were constructed for each neuropsy-
chological test and associations were expressed as the change in
MMSE scores associated with a 0.1 increase in frailty index scores
and accompanied by 95% confidence intervals (95% Cl). To aid in vi-
sualization and provide further specificity to any statistically signifi-
cant interactions, the continuous frailty index scores were replaced
with a categorical frailty group variable to assess the relationships
between neuropsychological test scores and MMSE scores at three
different levels of frailty.

Three sensitivity analyzes were undertaken to explore the con-
sistency and robustness of the results. First, to compare the cohorts
more directly, the initial analyzes were repeated using samples re-
stricted to participants with normal cognition or MCIl between the
ages of 65 and 75. This coordinated approach to analyzes across
datasets has been made with other studies of ageing, allowing for
more reliable and generalizable results [43]. Secondly, to examine
whether symptoms closely related to dementia were driving the re-
lationship between frailty index scores and MMSE scores, the ana-
lyzes were repeated with frailty indices that excluded these items
(Table S1). The third sensitivity analysis was to determine whether
associations differed in strength or direction between men and
women; however, as associations did not differ meaningfully be-
tween these populations, sex-stratified results are not presented.
Pooled results were not calculated given the considerable hetero-
geneity in study samples, and associations were examined in each
study sample separately. Statistical analyzes were undertaken using
R (NACC, MAP) and SPSS (ADNI), and visualizations were con-
ducted using R.
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RESULTS
Sample characteristics

Of 23,819 participants included in the analytical sample, 90% were
participating in the NACC (Table 1). Participants ranged in age from
55 to 104 years and were somewhat older in the MAP than the other
studies. Dementia was most common amongst NACC participants
and least common amongst MAP participants. Compared with ADNI
or MAP participants, NACC participants had frailty index scores
0.06-0.07 points lower (Figure 1); the highest frailty index scores
were observed in MAP (submaximal limit, 99th percentile 0.56),
followed by NACC and ADNI (submaximal limits 0.46 and 0.44, re-
spectively). Frailty index scores were positively correlated with par-
ticipant age in each study (MAP, r=0.31, p<0.001; ADNI, r=0.20,
p<0.001; NACC, r=0.14, p<0.001).

Frailty and MMSE

The association between frailty indices and MMSE scores was as-
sessed in each sample. After adjusting for possible confounders (age,
sex, education and APOE £4), higher levels of frailty were associated
with worse MMSE performance in all study samples (Figure 2). This
relationship was particularly strong in the NACC, where each 0.1 in-
crease in frailty index was associated with 2.49 points decrease in
MMSE scores (B=-2.49,95% Cl -2.55 to -2.43), and weaker in ADNI
(B=-0.73,95% Cl -0.92 to -0.53) and MAP (B=-0.68, 95% Cl -0.82
to —0.55). When the study samples were restricted to participants
aged between 65 and 75years with normal cognition or MCI, as-

sociations were weaker and more similar amongst the three samples

| NACC

[ ] ADNI

| MAP |

0 T T T T T T T
00 01 02 03 04 05 06 07

Frailty index score

FIGURE 1 Density plot of frailty index scores in NACC
(N=21,474), MAP (N=1,575) and ADNI (N=770).

Total sample Restricted sample Reduced frailty index

Lt
t 4 "

MMSE change per
0.1 increase in frailty index score
|
o

-2.51 |

ADNI MAP NACC  ADNI MAP NACC  ADNI MAP NACC

FIGURE 2 Associations of frailty index scores and MMSE scores
in each study sample. Estimates (B values) and 95% confidence
intervals were calculated using linear models adjusted for age, sex,
education and APOE &4 status.

(NACC, B=-0.57, 95% Cl -0.64 to -0.51; MAP, B=-0.28, 95% Cl
-0.47 to -0.09; ADNI, B=-0.24, 95% Cl -0.44 to -0.03). When a
reduced frailty index not considering possible symptoms of demen-
tia was used, statistically significant associations were confirmed for
NACC (B=-0.88, 95% CI -0.96 to -0.80) and MAP (B=-0.31, 95%
Cl -0.43 to -0.19) but not ADNI (B=0.14, 95% CI -0.03 to 0.31).

Frailty, neuropsychological tests and MMSE

The degree to which frailty index scores moderated the relation-
ship between neuropsychological test scores and MMSE scores
was next assessed. The frailty index score by neuropsychological
test score interaction term was consistently negative in value and
statistically significant across neuropsychological tests and study
samples (Table S2). However, although consistent in the direction of
effect, this interaction was not statistically significant for the trail-
making test A and trail-making test B in ADNI. Given a one standard
deviation decrease in neuropsychological test scores, participants
classified as having low frailty had the smallest decrease in MMSE
scores, and participants classified as having high frailty had the larg-
est decrease in MMSE scores (Figure 3). In sensitivity analyzes that
used either the restricted sample or the reduced frailty index, the
continuous interaction effects were most often negative in direction
and statistically significant for NACC and MAP. Still, associations in

ADNI varied in both directions and statistical significance.

DISCUSSION

In this analysis of 23,819 older adults, two main findings are re-
ported: (i) a higher degree of frailty was associated with worse
cognitive function; (ii) the relationship between neuropsychologi-
cal and global cognitive function was dependent on frailty. Spe-
cifically, robust older people (i.e., with low frailty) tended to have
relatively preserved overall cognitive functioning despite discrete
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FIGURE 3 Associations of neuropsychological test Z scores
and MMSE scores in each study sample at low frailty (frailty index
scores 0.000-0.100), intermediate frailty (frailty index scores
0.101-0.250) and high frailty (frailty index scores 0.251-1.000).
Estimates (B values) and 95% confidence intervals were calculated
using linear models with a frailty group by neuropsychological test
interaction term and adjusted for age, sex, education and APOE ¢4
status.

neuropsychological deficits, whereas frail older people showed
more global cognitive impairment as a result of neuropsychological
deficits. These findings were robust to several investigations of bias
and sensitivity.

These results bolster the notion that frailty exerts a detrimental
influence on late-life cognition. Frailty has been consistently asso-
ciated with impaired cognitive functioning [44, 45]. It represents a
risk factor for incident MCl and dementia in cognitively normal older
adults [9, 46, 47], MCI conversion to overt dementia [19, 20, 48] and
steeper cognitive decline amongst patients already diagnosed with
dementia [49]. Moreover, it reduces the likelihood of more favour-
able cognitive trajectories, such as recovering from MCI to normal

cognition [19]. Interestingly, these associations were present even

after adjusting for major confounders (e.g., age, education, APOE
genotype). Consequently, there is growing consensus on promoting
the inclusion of frailty assessment in the risk reduction strategies
towards dementia [50].

Previous work by our groups has found that frailty moderates
the relationship between the neuropathological hallmarks of Alz-
heimer's disease and the clinical presentation of dementia [8], the
relationship between genetic profile and dementia [9] and the as-
sociation between Alzheimer's disease biomarkers and cognitive
status [16]. In our present study, frailty emerged as a moderator of
the association of domain-specific neuropsychological abilities/im-
pairments with overall cognition. Thus, there is increasing evidence
that, by reducing the physiological reserves of the organism, frailty
contributes to the biological and phenotypic heterogeneity of cog-
nitive disorders. Furthermore, it may be hypothesized that frailty
counteracts the effect of other moderators (e.g., cognitive reserve,
brain reserve) that may positively influence the individual's suscep-
tibility to exhibit clinical manifestations of neuropathology and the
trajectories of cognitive decline.

This study also suggests how the interpretation of the neuro-
psychological assessment may be significantly biased by a person's
frailty status [15]. Indeed, the same neuropsychological impairment
may assume different clinical implications depending on the degree
of frailty of the tested individual; our data indicate that cognitive
deficits detected via neuropsychological tests may reflect larger
losses in global cognitive functioning amongst people with higher
degrees of frailty. In the absence of frailty assessment, this clinically
relevant information is hidden. There is a need to develop scoring
and standardization systems that may reflect the clinical complexity
of the older person. Indeed, frailty and cognitive deficits co-occur
commonly and are sometimes conceptualized as cognitive frailty,
which reflects high clinical complexity [14]. A sole focus on cognitive
frailty, however, may hide interactions between these phenomena
that are here shown to have clinical relevance. A continuous rather
than dichotomous quantification of frailty degrees and cognitive
deficits may instead support a more accurate/granular appreciation
of their mutual interplay. Either way, these considerations assume
essential public health implications in the light of the ongoing de-
mographic and epidemiological transformations, namely population
ageing and the increasing prevalence of age-related chronic patho-
logical conditions [51].

Limitations

The results from this study should be interpreted taking into ac-
count some limitations. First, although a large sample of partici-
pants drawn from three independent cohort studies was analyzed,
each of these studies was based in North America. Therefore, the
degree to which these results extend to other international popu-
lations is unclear. Similarly, the study samples were predominantly

composed of highly educated older people who probably do not
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represent the ‘real world’ clinical scenario; it is important to ac-
knowledge that these people were probably healthier and higher
functioning than those in the broader population, on average.
Secondly, the MMSE, the primary outcome used in our analyzes,
provides only a rough measure of the individual's overall cogni-
tive functioning. For example, it does not include an assessment
of executive functions. Furthermore, it only marginally captures
the complex mechanisms underlying human cognition. However,
it was the only measure of global cognition consistently present in
the three datasets and is still the most widely used tool in clinical
practice to describe overall cognitive performance and define the
severity of cognitive impairment. Further research on the poten-
tially differential links between frailty and decline or maintenance
across the range of cognitive domains would be advantageous.
Thirdly, the associations reported here are cross-sectional; di-
rectionality and temporality could not be addressed. Although a
recent genetic investigation into the relationship between frailty
and Alzheimer's disease did not find evidence of a causal pathway
[52], our sensitivity analysis excluding possible symptoms of de-
mentia from the calculation of frailty indices supported our origi-
nal results. Moreover, a recent longitudinal study that employed
in a sensitivity analysis a landmark period to reduce the impact of
undetected dementia on results found support for frailty preced-
ing dementia [9]. Similarly, the cross-sectional nature of our results
also limits the understanding of the mechanisms underpinning the
reported associations. Further longitudinal research is needed to
better understand the interplay between frailty, neuropsychologi-
cal and global cognitive functioning, and other patient character-
istics. Fourthly, other potentially relevant covariates, such as race,
culture and socioeconomic status, were not considered in our ana-
lyzes. Further research is necessary to detail whether the associa-

tions reported here are observed in different population groups.

CONCLUSIONS

In conclusion, frailty is strongly related to the level of cognitive func-
tioning amongst older persons and is associated with the cognitive
expression of neuropsychological deficits. Accumulating evidence
supports the implementation of frailty assessment in routine neu-
rological and neuropsychological practice to optimize care and out-
comes for older adults.
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