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Abstract: Background: Given the important association between cardiovascular disease and cognitive decline,
and their significant implications on frailty status, the contribution of neurocognitive frailty measure helping
with the assessment of patient outcomes is dearly needed. Objectives: The present study examines the prognostic
value of the Neurocognitive Frailty Index (NFI) in the elderly with cardiovascular disease. Design: Secondary
analysis of the Canadian Study of Health and Aging (CSHA) dataset was used for prediction of 5-year cognitive
changes. Setting: Community and institutional sample. Participants: Canadians aged 65 and over [Mean age:
80.4 years (SD=6.9; Range of 66-100)]. Measurement: Neurocognitive Frailty Index (NFI) and Modified
Mini-Mental State (3MS) scores for cognitive functioning of all subjects at follow-up and mortality rate were
measured. Results: The NFI mean score was 9.63 (SD = 6.04) and ranged from O to 33. This study demonstrated
that the NFI was significantly associated with cognitive changes for subjects with heart disease and this
correlation was a stronger predictor than age. Conclusion: The clinical relevance of this study is that our result
supports the prognostic utility of the NFI tool in treatment planning for those with modifiable cardiovascular
disease risk factors in the development of dementia.
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Introduction

While cardiovascular diseases (CVD) are associated to
cognitive decline and dementia in the elderly (1, 2),
much consideration has been given to the contribution of
cardiovascular diseases to cognitive impairment (3). Today,
CVD are established to strongly relate to cognitive impairment
and dementia in the elderly (1). Interestingly, CVD can lead to
Alzheimer’s disease (AD) and vascular dementia (1).

Coronary heart disease, hypertension, left ventricular
hypertrophy, among others, are risk factors for heart failure
(4). The association between CVD and cognitive impairment
in older people is multifactorial and involves common risk
factors such as atherosclerosis, hypertension, and diabetes
mellitus (1). A large European longitudinal study (5) has shown
that modifiable cardiovascular risk factors (CRFs) including
diabetes, smoking, hypertension, and low physical activities
are associated with lower cognitive test scores. A review (3)
additionally underscored that traditional CRFs (e.g., high blood
pressure, hyperglycemia, insulin resistance, diabetes mellitus,
hyperlipidemia, cigarette smoking, heart failure, stroke, and
atrial fibrillation) are also risk factors for AD. However, it
is unclear whether those modifiable behaviors significantly
partake in lowering the risk of developing cognitive impairment
(6). As highlighted, under promising strategies for prevention
of dementia (7), these risk factors need to be identified in
vulnerable individuals so that appropriate preventative
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interventions can be undertaken to reduce the risk of developing
cognitive impairment. Indeed, evidence shows that healthy
cardiovascular lifestyles mitigate cognitive disorders through
modifiable CVD risk factors (8).

Growing evidence shows that vascular/cerebrovascular
pathology can accelerate the progression of preclinical AD and
speed disease evolution (9). For instance, one study (10) note
that those who have CVD are at a greater risk of developing
mild cognitive impairment (MCI), and another review and
synthesis, examining the pathophysiologic relationship between
AD, cerebrovascular disease, and cardiovascular risk [9]
showed that effectively controlling vascular risk factors serves
to delay onset of AD and that the management of CRFs is
associated with a reduced risk of dementia.

Frailty, an age-related fragility associated with
multidimensional loss of energy, physical ability, cognition
and general health reserves (11), has been positively associated
with cognitive function in individuals with CVD (12) and is
more prevalent in patients with CVD (13). To this end, it is
noteworthy of underscoring the significance of the bidirectional
relationship between frailty and both cognitive and functional
reserve, and implication in neuropathology and brain reserve,
motor signs of aging and the reversibility of cognitive frailty
(14, 15). Hence, we need to underscore the importance of
a frailty index as a prognostic tool to evaluate the risk of
cognitive impairment and death.

Among those high-risk groups, individuals with
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cardiovascular health conditions are more vulnerable to the
development of dementia (16). Thus, index of ‘frailty’ needs
to be considered in cognitive decline as a modifying and
prognostic variable since morbidity and mortality are related
to CVD (17). The association between CVD and cognitive
impairment have long been established using statistical
approach whereas multidimensional approach is lagging behind
that could confirm this association.

Recently, the Neurocognitive Frailty Index (NFI) was
developed to create a more comprehensive measure of frailty
in the elderly (11), and evidence supports its higher accuracy
compared to other frailty outcome measures (11). Although
evidence shows that the NFI provides higher accuracy to predict
outcomes, the contribution of neurocognitive frailty indicator in
improving patient prognostic in high-risk groups has not been
established, that subsequently warrants further studies (11).

Given the link between CVD and dementia, there is an
urgent need to examine these associations (18). Thus,
a scientific group of experts convened by the Alzheimer’s
Association, with scientific input from the National Institute
of Neurological Disorders and Stroke and the National Heart,
Lung and Blood Institute from the National Institutes of Health
(2) to help in developing more accurate outcome measures
and clinical criteria to examine the effects of controllable
vascular risk factors for developing AD. Furthermore, the
risk of developing MCI is higher for people who have CVD
(19) or CRFs (20). This knowledge is important because this
can help in examining ways to prevent or better manage the
precursors of dementia. As noted earlier (11), studies to further
evaluate the contribution of neurocognitive frailty indicators in
improving prediction of patient outcomes are needed. Hence,
this study evaluates the prognostic value of the NFI in the
elderly with cardiovascular disease.

Materials and Methods

Study population

Participants’ data were drawn from the Canadian Study of
Health and Aging (CSHA) (21), a study of the epidemiology of
dementia in Canada. Planned in 1989, as a national longitudinal
study, the CSHA followed over 10,000 elderly Canadians (from
36 communities and institutions) over a ten-year period from
1991 to 2001 and has collected a wide range of information
on changing health status over time [http://www.csha.ca].
The CSHA was conducted in three waves but in this study
only data from waves 1 and 2 were used: CSHA-1 (1991 to
1992) and CSHA-2 (1996 to 1997) for prediction of 5-year
cognitive changes. The current analysis focused on the 997
participants who received a consensus diagnosis of no-cognitive
impairment (NCI) or cognitive impairment but not dementia
(CIND) on CSHA-1. Samples included those who completed
neuropsychological tests at CSHA-1 and received a clinical
diagnostic assessment at CSHA-1 and CSHA-2 (n=1228). The
CIND category included individuals whose level of cognitive
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impairment was measured to be greater than the NCI group but
less than the dementia group. Of the original 997 participants,
299 individuals had died in five years of follow-up, but these
were included in our participant sample.

Measurement

NFI was defined as a combined score of 42 physical and
cognitive elements. The physical elements included 4 domains,
activities of daily living, instrumental activities of daily living,
general health and comorbidities. The cognitive elements
include 8 domains, short-term memory, long-term memory,
verbal abstract thinking, judgment, aphasia, apraxia, agnosia,
and constructional difficulty, as they were available in the
dataset. Global cognitive score was obtained via the 3MS (22)
at baseline and at follow-up, and mortality rate was used as an
outcome measure.

Coding of Neurocognitive Frailty Index

The initial NFI (11) was determined from 42 variables,
here we used 41 variables, as CVD was our chief focus. The
NFI variables, which include both physical and cognitive
elements, are described in our earlier study (11). Thirty-three
physical components were selected from the CSHA-1 dataset at
baseline (1991). Binary variables were recoded, using the ’0”’
to indicate the absence of the deficit, and ’1°’ to indicate the
presence of a deficit. Particularly in Activities of Daily Living
(ADL) and Instrumental Activities of Daily Living (IADL)
items, data converted as score “1” for “can’t do at all” or “with
some help” denoting needed help, and we assigned score “0”
for “without any help”. The Self-Rated Health Question, «<How
is your health these days? Very good, pretty good, not too good,
poor, very poor» was rated between ”0” and “1”. Each lower
self-rating of health was coded to represent a larger deficit
«very good=0», «pretty good=0.25», «good=0.5», «poor=0.75»
and «very poor=1». For variables with dichotomous response
(general health), data coded into a score between “0” where no
deficit is present and “1” where the deficit is present. Overall,
physical component scores varied between zero “0” to thirty-
three “33”.

Similarly, we recoded the cognitive component but by
recognizing an ordinal scale of variables. A simple recoding
was done for the eight elements: short-term memory, long-term
memory, verbal abstract thinking, judgment, aphasia, apraxia,
agnosia, and constructional difficulty. A score was assigned
a “0” for response “None”, “1” for “Questionable”, “2” for
“Mild”, “3” for “Moderate” and “4” for “Severe”. There were
eight measures in this part which means theoretically that a
person could have a score between zero “0” to thirty-two “32”.
Each of the 41 components added together, therefore there was
a total score of NFI ranging between zero “0” and sixty-five
“66”. The physical and cognitive variables description and cut
points for the NFI are presented in a previous article (11).
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Table 1
Demographic characteristics and cognitive status of the sample as a function of NFI score categories

NFI score * 0-3 4-9 10-17 >=18 P-value
Age 75.3 (6) 78.4 (6.3) 80.9 (7.2) 80.8 (7.1) 0.001
Male (%) 99 (50.8) 191 (47.6) 100 (33) 25 (25.5) 0.001
Education (years) 102 (4) 9.5(4) 84 (4) 7(4) 0.001
3MS-CSHALI 89 (8.3) 84.9 (9.6) 79 (9.5) 72.1(9.6) 0.001
3MS-CSHA2 86.7 (12.6) 78.9 (14.5) 68.9 (18.2) 58.1(22.2) 0.001
NFI 21.6 (0.8) 5.7 (1.6) 12.3 (2.6) 22.3(3.8) 0.001

Note: 3MS: Modified Mini-Mental State; CSHA: Canadian Study of Health and Aging; NFI: Neurocognitive Frailty Index. Data showing mean (standard deviation) for all variables,
and total number (percentage) for sex category. * NFI score defined as number of deficits for example “0-3” means zero to three deficits

Table 2
Associations between NFI and Cognitive status (3MS at follow-up) using Multiple Linear regression for participants without
CVD in Panel A and with CVD in Panel B

Panel A

Variables B* SE* Standardized B P- value
Age -0.596 0.099 -0.218 0.001
Male (%) -3.114 1.277 -0.085 0.015
Education (years) 0.371 0.177 0.084 0.037
3MS (baseline) 0.863 0.078 0.484 0.001
NFI (continuous) -0.600 0.142 -0.170 0.001
*Note: B: Beta coefficient; SE: Standard Error.

Panel B

Variables B* SE* Standardized B P-value
Age -0.519 0.134 -0.208 0.001
Male (%) -3.114 1.277 -0.085 0.359
Education (years) 0.579 0.266 0.135 0.001
3MS (baseline) 0.788 0.114 0473 0.001
NFI (continuous) -0.797 0.188 -0.250 0.001

*Note: B: Beta coefficient; SE: standard Error.

Statistical Analysis

The parametric tests were used for normally distributed
variables and nonparametric tests were used for the not
normally distributed. Before applying regression models
univariate tests (including chi-square, t-test, ANOVA,
correlation) were used for data exploration.

Categorical NFI scores were created using classification
and regression trees, using the applied Chi-squared Automatic
Interaction Detector (CHAID) model. This modeling accounts
for the binomial distributions in response variable. Validation
of the multivariate analyses was tested with a 10-fold cross-
validation; CHAID identifies ‘nodes’, or persons subgroups,
that are most homogeneous with regards to probability of
death. These nodes were then applied to Cox regression for
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further investigation. In addition to bivariate tests and decision
tree, two separate Cox regression models were applied to the
data to estimate chance of death in 5 years of follow-up. Cox
regression was used in two formats of NFI (one for NFI as a
continuous and another as a categorical variable). A p-value of
0.05 or lower was considered statistically significant. Statistical
analyzes were performed using SPSS (version 23) (23) and
Rx64 (version 3.1) (24).

Results
This was a secondary analysis of the Canadian Study of

Health and Aging (CSHA) dataset (21, 25). The NFI mean was
9.63 (SD=6.04) and ranged from 0 to 33. Distribution of NFI
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was slightly skewed to the right (skewness=0.95, SE=0.08;
Kurtosis= 0.90, SE=0.16). At baseline, the mean age of sample
was 80.4 years (SD=6.9; Range: 66-100). There was a clear
positive, yet small association between age and NFI at baseline
(rho=0.27, p<0.001, 2-tailed).

Presented in Table 1, demographic characteristics and
cognitive data were described using means and standard
deviation for age, 3MS at baseline (CSHA1) and at follow-
up (CSHA2), years of education, and male sex percentage,
as a function of NFI scores breakdown. Here, NFI result was
grouped into 4 categories based on decision trees results (Figure
1).

Tables 2 presents the results of two separate regression
models predicting outcomes 3MS for participants with and
without CVD. In both models, NFI is significantly related
to 3MS at follow-up; however, NFI is stronger predictor in
people with CVD than without. In the multiple linear
regression analysis, adjusted for age, sex, education, and
3MS at baseline, the NFI was correlated to 3MS at follow-
up (regression coefficient=-0.6), and age (p<0.05). Every
additional deficit used to calculate the NFI was associated
with an increased chance of cognitive decline. However, this
association was stronger in people with CVD. NFI (regression
coefficient=-0.79) was significantly associated with cognitive
status at follow-up for people with CVD and this was stronger
than age (p<0.05).

Although in both groups (with and without heart problems),
NFI is related to the outcome (without:R2=0.08, rho=0.32,
p<0.01; with:R2=0.02, rho=0.141, p<0.05), the association
between NFI and 3MS indicates different variability to predict

the outcome in people with and without CVD (Table 2).

The CHAID decision tree analysis was used to determine
optimal stratification groups to best identify association
between NFI and mortality. Result indicated that the NFI could
be grouped into four categories. Group one (category) is for
the people who have an NFI score of less than 2.75 deficits
and mortality rate of 7.6%. The second and third groups have
a mortality rate of 21.8% and 36.3%, respectively, indicating
a three to five times more mortality rate, compared to baseline.
The highest risk was for people with an NFI score of more than
17.8 and mortality rate of 58%. We used this result for making
4 levels of NFI to predict mortality.

Cox regression was applied for modeling probability of
mortality when NFI was considered as a continuous variable.
NFI was significantly related to mortality probability with an
odds ratio of 1.08. This indicates participants with a higher
NFI score have a higher mortality probability. In this model,
age, gender and CVD were significant (Table 3, Panel A).
In the proportional hazard ratio analysis, accounting for age,
gender and education as confounding variables, the value of
NFI (as categorical) was more highly correlated to survival
than age. Every additional deficit used to calculate the NFI
was associated with an increased risk. By using results of the
decision tree grouping, the NFI was significantly associated
with mortality for the second group of participants in
comparison to the fittest people at baseline with an NFI score
between 4 and 8 deficits (HR = 2.63, 95% confidence interval
(CI) 1.22-5.71; p-value = 0.014). Participants with 18+ NFI
deficits showed greater risk [HR =9.172, (95% CI1 4.12-20.41)],
indicating they have 9 times more chance of death compared

Figure 1
Decision trees to determine optimal stratification of NFI for predicting mortality
event
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Table 3
Association between NFI and mortality probability using Cox proportional hazard model (Panel A). Association between NFI
and mortality using Cox proportional hazard model (Panel B)

Panel A

Variables B* SE* HR* 95% CI* P value
Age 0.049 0.009 1.050 1.032-1.068 0.001
Male (%) 0.539 0.119 1.714 1.357-2.163 0.001
CVD 0.269 0.121 1.308 1.033-1.658 0.026
NFI (continuous) 0.073 0.009 1.076 1.057-1.094 0.001
*Note: B: Beta coefficient; CI: Confidence Interval; HR: Hazard Ratio; SE: standard Error.

Panel B

Variables B* SE* HR* 95% CI* P value
Age 0.048 0.009 1.049 1.031-1.049 0.001
Male (%) 0.563 0.120 1.757 1.389-2.222 0.001
CVD 0.250 0.122 1.284 1.012-1.630 0.040
NFI (<3 deficits)* = —memeem e e s e
NFI (4-8 deficit) 0.970 0.394 2.638 1.218-5.714 0.014
NFI (9-17 deficit) 1.541 0.391 4.669 2.169-10.051 0.001
NFI (=18 deficits) 2.216 0.408 9.172 4.122-20.409 0.001

*Note: B: Beta coefficient; CI: Confidence Interval; HR: Hazard Ratio; NFI (<3 deficits) is baseline. SE: standard Error.

to baseline (Table 3, Panel B). Moreover, mortality probability
was greater in people with CVD (HR = 1.28) than without
(Figure 2, Panel A). Although all levels of NFI were highly
correlated to mortality (Figure 2, Panel B), the Kaplan-Meier
curve shows increasing level of NFI, suggesting dose-response
effect in relation to survival.

Discussion

Our study aimed to predict cognitive status and 5-year
survival rate in participants with CVD in the Canadian Study
of Health and Aging (21) dataset using a deficit accumulation
approach. The NFI, as a measure of frailty, was used to
examine the association between frailty and cognition as
measured by 3MS at baseline and 5 years later in individuals
with and without CVD.

We have shown a significant and positive association
between age and NFI, indicating that neurocognitive frailty
increases with age. Additionally, the magnitude of the
association for the NFI was larger than age. Furthermore, higher
NFI score was associated with higher probability of mortality.
Mortality was 28% greater in individuals with than without
CVD.

Our study results support previous findings from various
scientific groups. For example, the Alzheimer’s Association
that noted CVD are present in most cases with AD, without
suggesting that all individuals with AD have heart problems
(9). Similarly, the Cardiovascular Health Study Cognition
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Study (26, 27) found subjects with mild cognitive deficits
have CVD. Using the results of models from this study,
baseline cognition and age were significant predictors, yet a
more comprehensive prediction can be achieved by including
frailty measures. Additionally, our results concur with studies
examining vascular risk factors involving cognitive decline. A
longitudinal study (28) found the associations between smoking
and long-term blood pressure with the risk of cognitive decline.
However, a review (3) underlined the need for more sensitive
neuropsychological measures. Our study shows that the NFI
serves as a more effective prognostic tool to evaluate the risk
of developing dementia. Findings from an earlier study (29)
underscore the association between vascular risk factors and
cognitive function at midlife, and their different impacting
pathways on brain mechanisms. Although we have shown that
the NFI was highly correlated to mortality, a dose-response
effect in relation to survival is noted with increasing levels
of NFI. Thus, the identification of CRFs using the NFI might
serve to identify those at higher risk for dementia so to provide
preventative interventions.

Perhaps the most important implication of our result is
the integration of physical frailty and cognitive elements as
a neurocognitive frailty measure such as the NFI to better
understand the relationship between CVD and cognitive
decline. Indeed, in line with our findings, others (12) have noted
the importance of including the frailty status in the clinical
process of evaluating risk factors for dementia to optimize the
treatment plan. The present study provides validation-evidence
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for the use of NFI with elderly individuals at risk for cognitive

deficit with co-existing CVD to enhance the prognostic value of

cardiovascular risk factors.

Figure 2
Kaplan-Meier curves for the proportional survival of people
with and without CVD (Panel A) also with various levels of
NFI (Panel B). In Panel B, node 1 indicate NFI < 4 and node 2
for NFI between 4 and 8, node 3 related to NFI score between 9
and 17, and finally node 4 is related to NFI more than 18 score
Panel A
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Noteworthy that our study is not without limitation, and we
can underscore our use of cognitive screening tool as a possible
issue. In our study the cognitive status of all subjects was
assessed through the Modified Mini-Mental State test; although
this test offers increased validity over the MMSE, it remains a
screening tool for the evaluation of cognitive impairment.

We have established an association between CVD and
cognitive deficits; however, further investigation is needed to
clarify the extent and types of modifiable CVD risk factors
(e.g., diabetes and hypertension) and their consequence on
the cognitive functions. As previously highlighted (30) to
identify individuals needing specific intervention plans and to
maximize outcomes based on risk profiles using the NFI future
research is warranted. Since the NFI risk profile could be useful
in treatment planning, and that CVD are related to cognitive
deficits as noted by several colleagues (31), maintaining vessel
elasticity through physical exercise could be beneficial to those
at risk of developing cognitive deficits.
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