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Abstract
Background: According to Statistics Canada in 2014, 23.4% 
of Canadians aged between 45 and 64-years-old, and 
47,4% of adults aged 65 years and older were diagnosed 
with hypertension. Given the significant association be-
tween hypertension and cognitive decline, and consequent-
ly on frailty status, the contribution of Neurocognitive Frailty 
Index in the assessment of patient’s prognosis is of utmost 
importance. Hence, the prognostic utility of the Neurocogni-
tive Frailty Index (NFI), a comprehensive measure of frailty 
in the elderly and a correlated measure of cognitive change, 
could help shed some light in better understanding of this 
relationship.

Methods: Objectives: Thus, our aims was to better under-
stand the relationship between hypertension and cognitive 
performance in order to put in place better prevention and 
treatment programs that will address the needs of the el-
derly with hypertension and cognitive deficits. Additionally, 
to provide validity-evidence for the NFI. Design: Secondary 
analysis of the Canadian Study of Health and Aging (CSHA) 
dataset. Measurement: The cognitive status, 5-year survival 
rate for elderly and using the NFI. Setting: The CSHA data-
set consisting of a community and institutional sample.

Results: The overall results of this study show that NFI is a 
modifiable risk factor to predict outcomes when it is adjusted 
for age, gender, education and 3MS. The association was 
slightly stronger at baseline for the elderly with hyperten-
sion.

Conclusion: The NFI could be useful in identifying the risk 
factors for those with hypertension.
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Introduction
According to Statistics Canada data [1], in 2014, 

23.4% of Canadians aged between 45 and 64-years-
old were diagnosed with hypertension, whereas 
47,4% of Canadians aged 65-years-old and over were 
diagnosed with hypertension, which corresponds to 
2,5010,545.

Hypertension has been shown to be associat-
ed with accelerated cognitive decline and dementia 
[2,3]. However, the relationship between hyperten-
sion and cognition remains ambiguous [4,5]. Some 
studies found that hypertension and hypotension 
increased risk for cognitive decline and dementia 
whereas some studies failed to support this associa-
tion [6]. Hypertension and hypotension are major risk 
factors for vascular diseases, which may also lead to 
cognitive impairment due to stroke or chronic cere-
bral hypoperfusion in the elderly [6-8]. Hypertension 
may also be involved in the development of Alzhei-
mer’s dementia [9]. Epidemiological studies have 
shown that hypertension is a risk factor for demen-
tia, but the association is complex, varies in strength 
and direction according to the age of the onset. Some 
hypotheses have been proposed as to explain this re-
lationship. Long-term high blood pressure in midlife 
may determine severe atherosclerosis and large-ar-
tery stiffness in later life indicating that the athero-
sclerotic process may be implicated in the pathogen-
esis of dementia [9]. Also, it is still unclear whether 
hypertension and vascular morbidities affect cogni-
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CSHA-1 (1991 to 1992) and CSHA-2 (1996 to 1997) for 
prediction of 5-year cognitive changes. We have includ-
ed 997 participants who received a consensus diagnosis 
of no cognitive impairment (NCI) or cognitive impair-
ment but not dementia (CIND) on CSHA-1. Samples in-
cluded 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 in-
cluded individuals whose level of cognitive impairment 
was evaluated to be greater than the NCI group but less 
than the dementia group. The Neurocognitive Frailty In-
dex (NFI) was defined as a combined score of 42 physi-
cal and mental components (in 8 cognitive domains) as 
they were available in the dataset. The cognitive score 
was measured by the Modified Mini-Mental State (3MS) 
[17] at follow-up and designated the outcome measure. 
From the 997 sample, 299 individuals had died in five 
year of follow-up.

Measurement
The NFI hypertension measure was defined as a 

combined score of 42 physical and mental compo-
nents in 8 cognitive domains. The NFI has 42 com-
ponents but the high blood pressure variable was re-
moved. The outcome measure included the cognitive 
score as measured by 3MS at follow-up, and mortal-
ity.

Coding of neurocognitive frailty index
The initial NFI [15] consisted of 42 variables, select-

ed as representative of different aspect of health con-
dition. In the present study, 41 variables were used but 
hypertension was the object of investigation, our main 
question. It was removed from the original NFI compo-
nents. The NFI has two main components, that is both 
a physical and a cognitive, of which thirty-three physi-
cal components were selected from the CSHA-1 data-
set 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. Particu-
larly in ADL and IADL items, data converted as score 
“1” for “can’t do at all” or “with some help” denoting 
needed help, and we assigned score of “0” for “with-
out 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, cognitive component was 
recorded 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 con-

tion by leading to neurodegeneration or atheroscle-
rosis and neurodegeneration are independent pro-
cesses in the development of dementia [9].

The risk of dementia varies in strength and direction 
according to the age of onset of hypertension and anti-
hypertensive drugs can reduce the risk of AD [10]. Older 
age is the strongest risk factor for vascular cognitive im-
pairment and dementia after stroke [11]. This finding is 
consistent with the high incidence of stroke or cerebro-
vascular related dementia in the elderly.

Therefore, as noted by others [12], the assessment 
of frailty status could be useful in clarifying outcomes 
for older patients with cardiovascular disease. Thus, the 
objective of the present study is to investigate the rela-
tionship between hypertension and cognitive decline in 
relation to frailty.

Hypertension is the most common modifiable risk 
factor for stroke. Elevations in both systolic and dia-
stolic blood pressure are associated with increased risk 
of stroke and stroke related dementia [11]. A few me-
ta-analyses have found that there is an ambiguity con-
cerning the link between hypertension and cognitive 
performance by presenting mixed results, some signifi-
cant, some non-significant, and some with a U shape 
[4,13]. Altogether, the findings are quite varied and this 
could have been likely occurred because 1) researchers 
have used different operational definitions and meas-
ures of cognitive functioning, and 2) researchers used 
different populations without controlling for potential 
confounding variables.

Another factor, which needs to be considered in the 
association between hypertension and cognitive defi-
cits, is frailty since cardiovascular diseases are related 
to morbidity and mortality [12]. The inclusion of frailty 
assessment in clinical care has important implications. 
For instance, one study [8] has found among frail and 
pre-frail men with cardiovascular disease that the cog-
nitive function is poor. Hence, the examination of the 
relationship between frailty and cognition in those with 
cardiovascular disease could facilitate treatment pro-
cess in primary care [14]. Many frailty measures have 
been developed and could be integrated in the clinical 
care of older adults with CVD. Our team [15] have also 
called for the need to further examine the prognostic 
value of the Neurocognitive Frailty Index with those 
who have cardiovascular risk problems.

Thus, the aim of the present study aims to better 
understand the predictive value of the NFI and 5-year 
survival for individuals with hypertension.

Methods

Study population
Participants in this study were drawn from the three 

waves Canadian Study of Health and Aging (CSHA) [16] 
dataset. Here only data from wave 1 and 2 were used: 
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Health and Aging. At baseline, the mean age of sample 
was 80.4 year (SD = 6.9; ranged between 66 and 100). 
The NFI mean was 9.61 (SD = 6.08) and ranged from 0 to 
33). Distribution was slightly skewed to the right (Sup-
plement Figure 1).

Based on CSHA information at baseline 623 
(62.5%) did not have blood pressure, 239 (24%) had 
blood pressure and 135 (13.5%) had blood pressure 
but used some type of medication. Mean NFI was 
9.21 (SD = 5.93) in people without blood pressure, 
and 11.42 (SD = 6.37) in people with high blood pres-
sure and finally 8.28 (SD = 5.54) in people with blood 
pressure but they are using medication. We did a 
ANOVA test (F = 15.66, p = 0.001) followed by a Dun-
can test (as post hoc test), it turns out we can merge 
group of people without HBP with whom have HBP 
but using medication.

Demographic and cognitive data were described us-
ing means and standard deviation (age, 3MS at base-
line, 3MS at follow-up, year of education) or percentage 
(gender), which presented in Table 1. In this analysis NFI 
was grouped in 4 categories based on result of decision 
trees.

structional difficulty. A score was assigned a “0” for re-
sponse “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”. Table 1 describes the physical and cog-
nitive variables and the cut-points included in the NFI. 
Each of the 41 components added together, therefore 
there was a total score of NFI ranging between zero “0” 
and sixty-five “65”.

Statistical models

The parametric tests were used if variables had 
a normal distribution and nonparametric tests were 
used if the data were not normally distributed. Chi-
square was used for categorical data. Comparisons 
between two groups were done using independent 
t-tests. A one-way between subjects’ ANOVA was 
conducted when there were three or more groups. 
Mann-Whitney U and Kruskal-Wallis tests were used 
for comparing two groups if the data were not nor-
mally distributed. Pearson (if the data were normal-
ly distributed) and Spearman (if the data were not 
normally distributed) correlation coefficients) were 
used to assess the relationship between variables. 
Categorical NFI variables were created using classi-
fication and regression trees. This study applied one 
specific algorithm of decision trees, a CHAID (Chi-
squared Automatic Interaction Detector) model. This 
modelling 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 patient subgroups, that 
are most homogeneous with regards to probability of 
death. These nodes were then applied to Cox regres-
sion for 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 continu-
ous and another as a categorical variable). A p-value 
of < 0.05 was considered statistically significant. All 
statistical analyzes were performed using SPSS (ver-
sion 23) [18] and R × 64 (version 3.1) [19].

Results
This is secondary analysis of the Canadian Study of 

Table 1: Demographic characteristics and cognitive status of the sample by the Levels of NFI.

Levels of NFI 0-4 5-10 11-18 ≥ 19 P-value
Age 77.03 (6.06) 80.31 (6.32) 82.34 (7.10) 82.1 (7.22) 0.001

Male (%) 99 (50.8) 191 (47.6) 100 (33) 25 (25.5) 0.001

Education (years) 10.63 (4.23) 8.87 (3.74) 8.28 (3.98) 6.78 (3.94) 0.001

3MS-CSHA1 88.73 (8.33) 82.89 (9.6) 78.48 (9.61) 71.95 (9.63) 0.001

3MS-CSHA2 85.34 (13.09) 78.26 (15.32) 67.03 (18.27) 57.45 (22.15) 0.001

NFI; mean (SD) 2.65 (1.22) 7.18 (1.57) 13.27 (2.26) 22.28 (3.72) 0.001

Table 2: Association between NFI and cognitive changes us-
ing Multiple Linear regression.

Part A: For those cases without high blood pressure or on 
medication.

Variables B SE Standardized B P-Value

Age -0.525 0.089 -0.194 0.001

Education 
(years)

0.449 0.161 0.102 0.006

3MS (baseline) 0.877 0.071 0.497 0.001

NFI (continuous) -0.616 0.122 -0.181 0.001

Note: Gender was not significant and removed from final mod-
el.

Part B: For those cases with high blood pressure.

Variables B SE Standardized B P- value

Age -0.618 0.181  -0.254 0.001

3MS (baseline) 0.851 0.138  0.508 0.001

NFI (continuous) -0.571 0.255  -0.184 0.001

Note: Gender and year of education were not significant and 
removed from final model.
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optimal stratification groups to best identify association 
between NFI and mortality. Result indicated NFI can be 
grouped into four categories. Group one is for the peo-
ple who have NFI less than 4.25 (almost 4 deficits) with 
mortality rate of 13.0%. The second and third group 
have mortality rate of 25.3% and 38.5% which indicate 
two and three times more mortality rate, comparing to 
baseline. The highest risk went to people with NFI score 
of 19 and over (with mortality rate of 57.4%). We used 
this result for making 4 Levels of NFI to predict mortal-
ity.

In the proportional hazard ratio analysis, adjusted 
for age, gender and education, the value of NFI (as cate-
gorical) was more correlated to survival than age. Every 
additional deficit used to calculate the NFI was associ-
ated with an increased hazard rate. By using result of 
decision tree grouping, NFI was significantly associated 
with mortality for the second group participant in com-
parison to the fittest people at baseline (NFI between 5 
to 10 deficits; HR = 1.805, 95% confidence interval (CI) 
1.174-2.776; p-value 0.007). People with NFI of more 
than 19 deficit has shown HR = 5.090 (95% CI 3.174-
8.161), which indicate they have 5 times more likeli-
hood of death comparison to baseline (Table 3, part B). 
Although all levels of the NFI were highly correlated to 
mortality, the graph shows increasing Levels of the NFI 
has dose-response effect in relation to survival, but this 
pattern is different in two groups (Figure 1; Panel A and 
Panel B).

Discussion
The present study aimed to predict cognitive status 

and 5-year survival in individuals with hypertension. 
The results indicate that for individuals with and with-
out high blood pressure the NFI when adjusted for age, 
gender, education and 3MS at baseline, the association 
was slightly stronger for those with high blood pressure. 
However, NFI is the only modifiable factor to predict 
cognitive deficits and mortality.

The present results support findings from previous 
studies. For instance, Oveisgharan and Hachinski [5] 
found that the presence of hypertension predicts pro-
gression to dementia in the sample of subjects with 
cognitive impairment no dementia (CIND). Goldstein, et 
al. [20] determined that hypertension is associated with 
faster cognitive decline in persons at risk for dementia. 
Brady, et al. [20] noted that uncontrolled hypertension 
regardless of age is associated to cognitive deficits. In 
our study, the NFI score was significantly associated 
with cognitive changes for the subjects with hyperten-
sion but this was stronger than age.

The present results also concur with studies exam-
ining vascular risk factors involved in cognitive decline. 
For instance, Kilander, et al. [21] found an association 
between hypertension and cognitive impairment was 
greater in untreated men. In a review [14], the need 

Table 2 parts A and B present the result of two sep-
arate regression models for people with and without 
high blood pressure to predict outcomes (3MS). Results 
indicate in both models, NFI is significantly associated 
to cognitive status (3MS at follow-up); however, NFI is 
just slightly stronger predictor in people with high blood 
pressure in comparison to people without high blood 
pressure. In the multiple linear regression analysis, ad-
justed for age, gender, education and 3MS at baseline, 
the NFI was correlated to 3MS at follow-up same as age 
(p < 0.05). Every additional deficit used to calculate the 
NFI was associated with an increased chance of cog-
nitive decline. However, this association was slightly 
stronger in people with high blood pressure.

Association between other factors and 3MS at fol-
low-up are presented in the both models (Table 2 Part 
A and Part B). Although in both groups age, 3MS (at 
baseline), and NFI are related to outcome, the result in-
dicate that NFI is just only modifiable factor to predict 
outcome.

Cox regression was applied for modeling probability 
of mortality (for continuous NFI). NFI was significantly 
related to mortality with a hazard ratio equal to 1.08. 
This indicates participants with a higher NFI score have 
a higher probability of mortality. In this model, age, 
gender and heart problem were also significant (Table 
3, part A), this association is stronger than age.

We used CHAID decision tree analysis to determine 

Table 3: Association between NFI and mortality using Cox pro-
portional hazard model.

Part A: NFI as continuous variable.

Variables B SE HR 95% CI P-Value
Age 0.047 0.009 1.049 1.032-1.067 0.001

Male (%) 0.519 0.118 1.680 1.332-2.119 0.001

NFI 
(continuous)

0.076 0.009 1.079 1.061-1.098 0.001

Note: High blood pressure and year of education were not sig-
nificant and removed from final model. CI: Confidence Interval; 
HR: Hazzard Ratio; SE: Standard Error.

Part B: NFI as categorical variable.

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

NFI (≤ 4 
deficits)*

-------- ------- -------- ----------------- --------

NFI (5-10 
deficit);

0.970 0.394 2.638 1.218-5.714 0.014

NFI 
(11-18 
deficit);

1.541 0.391 4.669 2.169-10.051 0.001

NFI (≥ 19 
deficits);

2.216 0.408 9.172 4.122-20.409 0.001

Note: NFI (≤ 3 deficits) is baseline. CI: Confidence Interval; 
HR: Hazzard Ratio; SE: Standard Error.
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tification and control of vascular risk factors at midlife 
is an important approach to decrease the incidence of 
dementia. Although our results show that the NFI was 
highly correlated to mortality, a dose-response effect 
in relation to survival is noted with increasing levels of 

for more sensitive methods to detect frailty and meas-
ure its impact was raised for clinical practice in primary 
care. The present results show that the NFI serves as 
a prognosis tool to evaluate the risk of developing de-
mentia. Findings by Tzourio [22] suggest that the iden-

 

Panel A 

 Panel B

 

Figure 1: Kaplan Meier curves for the proportional survival of people without high blood pressure or using medication (Panel 
A) also with high blood pressure (Panel B).
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(2017) A U-shaped association between blood pressure 
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7. Weinstein G, Wolf PA, Beiser AS, Au R, Seshadri S (2013) 
Risk estimations, risk factors, and genetic variants asso-
ciated with Alzheimer’s disease in selected publications 
from the Framingham Heart Study. J Alzheimers Dis 33: 
S439-S445.

8. Weinstein G, Lutski M, Goldbourt U, Tanne D (2018) Physi-
cal frailty and cognitive function among men with cardiovas-
cular disease. Arch Gerontol Geriatr 78: 1-6.

9. Abete P, Della-Morte D, Gargiulo G, Basile C, Langellotto 
A, et al. (2014) Cognitive impairment and cardiovascular 
diseases in the elderly. A heart-brain continuum hypothe-
sis. Ageing Res Rev 18: 41-52.

10. Santos CY, Snyder PJ, Wu WC, Zhang M, Echeverria A, 
et al. (2017) Pathophysiologic relationship between Alzhei-
mer’s disease, cerebrovascular disease, and cardiovascu-
lar risk: A review and synthesis. Alzheimers Dement (Amst) 
7: 69-87.

11. Raj N Kalaria, Rufus Akinyemi, Masafumi Ihara (2016) 
Stroke injury, cognitive impairment and vascular dementia. 
Biochim Biophys Acta 1862: 915-925.

12. Singh M, Stewart R, White H (2014) Importance of frailty in 
patients with cardiovascular disease. Eur Heart J 35: 1726-
1731.

13. Gifford KA, Badaracco M, Liu D, Tripodis Y, Gentile A, et al. 
(2013) Blood pressure and cognition among older adults: A 
meta-analysis. Arch Clin Neuropsychol 28: 649-664.

14. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K (2013) 
Frailty in elderly people. Lancet 381: 752-762.

15. Pakzad S, Bourque P, Feldman H, Fallah N (2017) Toward 
developing a novel neurocognitive frailty index in the elder-
ly. Geriatric Medicine and Gerontology 3: 1-7.

16. Canadian study of health and aging (1994) Canadian Study 
of health and aging: study methods and prevalence of de-
mentia. CMAJ 150: 899-913. 

17. Teng EL, HC Chui (1987) The Modified Mini-Mental State 
(3MS) examination. J Clin Psychiatry 48: 314-318. 

18. IBM Corp (2015) IBM SPSS Statistics for Windows, Version 
23.0. Armonk, NT: IBM Corp.

19. R Development Core Team (2014) R: A language and en-
vironment for statistical computing. 2014, R Foundation for 
Statistical Computing: Vienna, Austria.

20. Brady CB, A Spiro 3rd, JM Gaziano (2005) Effects of age 
and hypertension status on cognition: The veterans affairs 
normative aging study. Neuropsychology 19: 770-777. 

21. Kilander L, Nyman H, Boberg M, Hansson L, Lithell H 
(1998) Hypertension is related to cognitive impairment: A 
20-year follow-up of 999 men. Hypertension 31: 780-786.

22. Tzourio C (2007) Hypertension, cognitive decline, and de-
mentia: An epidemiological perspective. Dialogues Clin 
Neurosci 9: 61-70.

the NFI. Thus, the identification of hypertension as a 
risk factor using the NFI might serve to identify those 
who are more at risk for dementia in order to provide 
preventative interventions. Given that the NFI is prov-
ing to be a valuable tool to assess the risk of developing 
AD and that our results have established an association 
with hypertension, the present findings add support to 
early intervention in those subjects with hypertension 
and cognitive decline.

In conclusion, additional research examining the con-
tributions of the NFI in the prediction of specific CVDs 
could provide a better understanding of the role of 
these risk factors in predicting the risk of dementia.
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Supplement Figure 1: Kaplan Meier curves for the proportional survival of people with and without hypertension.
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