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Abstract
Background: Frailty is an important geriatric syndrome 
and many efforts were made to measure and describe its 
properties, such as the Frailty Index (FI), clinical frailty and 
phenotype frailty. However, the majority of these measures 
were developed based on physical components. In the pres-
ent study, a novel Neurocognitive Frailty Index (NFI) was 
developed by adapting FI components and adding several 
neurocognitive components to create a more comprehen-
sive measure of frailty in the elderly.

Method: Secondary analyses of the baseline cohort and 
the five-year follow-up of the Canadian Study of Health and 
Aging (CSHA), a longitudinal observational cohort were un-
dertaken. Of the 10263 participants in this comprehensive 
intake assessment and 5-year follow-up, clinical and neu-
ropsychological assessment measures were available for 
1228 subjects.

Results: A multivariate logistic regression was used to cal-
culate probability of dementia as a binary outcome. Multiple 
linear regression was applied for the Modified Mini-Mental 
State (3MS) as a continuous variable. For those who died 
between CSHA-1(baseline) and CSHA-2 (five years fol-
low-up), Cox proportional hazard model was used for esti-
mation of 5-year survival. NFI was an independent predictor 
for those three outcomes factors. When both NFI and FI 
measures were included in each of the three multivariate 
analyses, only NFI was significant (p < 0.05).

Conclusion: NFI was strongly associated with cognitive 
changes over the 5-year period. Participants with a higher 
NFI score at baseline were at a greater risk of developing 
dementia and die within five years than people with lower 
NFI score. In contrast to the conventional approach (using 
FI), NFI can provide higher accuracy to predict outcomes.

Introduction

Rapid demographical change in developing countries 
is much more than a transition. It is about increased 
health care utilization, dramatic vulnerability related to 
health changes, higher risk of institutionalization, and 
mortality. Chronological age is a very important fac-
tor in the aging process; however, people of the same 
chronological age are often dramatically different in 
their health, level of activity, quality of life, and survival. 
This evidence serves to guide researchers on how the 
aging process can be seen as an opportunity for appro-
priate intervention. Many efforts have been undertak-
en to quantify aging and it appears that the concept of 
frailty offers a promising approach. Frailty is an age-re-
lated vulnerability state created by a multidimension-
al loss of reserves for example energy, physical ability, 
cognition and general health. Elderly people who are 
frail are more prone to adverse outcomes than elderly 
people who are physically fit. Thus, health condition can 
be seen as increased vulnerability associated with ad-
verse outcomes such as disability, falls, hospitalization, 
and death [1].

Despite the efforts to quantify the concept, there is 
currently no standardized definition of frailty in older 
adults or how it should be measured. Although there 
are many scales that have been developed to measure 
frailty. Most of these frailty measures have a common 
goal of predicting important outcomes such as: hospi-
talization [2,3], falls [3,4], institutionalisation [5], and 
death [6-8]. Mitnitski, et al. [9] developed one of the 
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most clinically useful frameworks of frailty based on a 
number of quantifying deficits. Their Frailty Index (FI) 
can be calculated based on a mathematical model of 
the accumulation of deficits where a deficit can be any 
symptom, sign, disease, disability, or laboratory abnor-
mality. Another index is phenotype frailty based on a 
pre-defined set of five criteria exploring the presence 
of five signs or symptoms (involuntary weight loss, ex-
haustion, slow gait speed, poor handgrip strength, and 
sedentary behaviour). In this index the number of crite-
ria is categorised into a 3-level variable namely robust-
ness (none of the criteria), pre-frailty (one or two crite-
ria) and frailty (three or more criteria). The majority of 
studies to date have used the frailty concept as a proxy 
for physical fitness but surprisingly cognitive capability 
(mental health) received less attention in the studies 
with older adults [10].

It has been shown that physical and cognitive impair-
ment commonly overlap in older adults, however, cog-
nition is not included in the physical frailty phenotype in 
the Fried phenotype frailty [3]. It has also been shown 
that physical frailty is associated with cognitive impair-
ment and dementia [11]. Some researchers have men-
tioned that other dimensions, such as cognitive status 
and psychological well-being, should also be taken into 
account to provide a better definition of the frailty syn-
drome [1]. As mentioned previously, the quantification 
of the cognitive domain could enhance the precision of 
frailty measurement [12]. Thus, by adding a cognitive 
component in the frailty index, this could enhance the 
capacity to develop a globally acceptable biological age 
index.

There is little understanding of the variability and 
mutual interaction in physical and cognitive change in 
relation to dementia and mortality and this approach 
could be useful in the prediction of dementia, by ap-
plying neuropsychological tests. However, the domains 
of cognition that should be included and interaction 
between those neuropsychological items and physi-
cal health (activity of daily living, general health and 
co-morbidities) need to be clarified.

The main goal of the present study is to fill this gap in 
the assessment of physical health and cognitive health 
of the elderly by developing a novel frailty measure 
namely the Neurocognitive Frailty Index (NFI). The ob-
jective of this study is to develop a new frailty index with 
both physical and cognitive dimensions, using the Cana-
dian Study of Health and Aging (CSHA) dataset to iden-
tify key elements for the NFI. Regression models were 
used to compare the results of the NFI in predicting dif-
ferent outcomes. Finally, the assessment and validation 
strength of the NFI was compared with the frailty index 
to predict outcomes.

Background

The initial frailty index [9], was determined from 40 

variables, selected as representing a range of health 
conditions and disabilities. Many papers validated and 
compared the characteristics of the FI in comparison to 
the phenotype frailty and clinical frailty [13-16].

Methods

This study used the data set from the Canadian Study 
of Health and Aging (CSHA), a multi-center, prospective 
cohort study of physical and mental health in persons 
65 years and older. In 1991, a representative popula-
tion sample (N = 10263) of participants was drawn from 
provincial records. The CSHA-1 baseline dataset includ-
ed an initial interview, which screened for self-rated 
health, chronic conditions (for example heart disease), 
functional ability (e.g. walking), dementia status, and 
cognition. In these analyses, the change in cognition, 
risk of dementia, and mortality at a 5-year follow-up 
(CSHA-2) were examined.

Measures

A self-administered risk factor questionnaire was 
completed at baseline and addressed demographic 
characteristics, lifestyle, and medical and family histo-
ries. Of those people who completed the 3MS at CSHA-1 
(n = 10,057), only participants who both answered the 
risk-factor questionnaire (n = 8403) and either complet-
ed a clinical and neuropsychological test at CSHA-1 (n 
= 1873) were included. Finally 1228 participants were 
eligible but just 601 were cognitively normal at baseline 
and included in the analyses.

Statistical Models

A multivariate logistic regression was used to cal-
culate probability of dementia as a binary outcome. 
Multiple linear regression was applied for the Modi-
fied Mini-Mental State (3MS) as a continuous variable. 
For those who died between CSHA-1 and CSHA-2, Cox 
proportional hazard model was used for estimation of 
5-year survival. Age and sex were entered as covariate 
in the 3 regression models.

Coding of Individual Response in Each Elements 
of NFI

The Neurocognitive Frailty Index (NFI) has two main 
components, which includes physical and cognitive vari-
ables. Thirty-four physical variables were selected from 
the CSHA-1 dataset at baseline in 1991. Binary variables 
were recoded, using the “0” to indicate the absence of 
the deficit, and “1” to indicate the presence of a defi-
cit. Particularly 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 a score of ‘’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 
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= 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-four “34”.

The CSHA neuropsychological assessment was done 
by using several appropriate tests in eight domains, as 
described in the CSHA website. These eight modules are 
representative of memory (Buschke Cued Recall [17], 
Wechsler Memory Scale: Information Subtest [18], Rey 
Auditory-Verbal Learning [19], Benton Visual Retention 
Test-R [20], Wechsler Digit Span [18], Working Memory 
[21]), abstract thinking (WAIS-R Similarities Test (short 
form) [18]), executive functioning (WAIS-R Digit Sym-
bol Sub-test [18], Trail Making [22]), judgment (WAIS-R 
Comprehension (short form) [18]), aphasia (Tokens Test 
[23], Word Fluency [24], Boston Naming Test [25], Ani-
mal Naming [26]), apraxia (Clock Drawing [27], Gesture 
Execution [28]), agnosia (Buschke Visual identification 
[17]), and construction (WAIS-R Block Design (short 
form) [18]). Most of the psychometric properties of 
these measures are presented in the CSHA website.

Similarly, the cognitive component was recorded 
by recognizing an ordinal scale of variables. A straight 
forward recoding was done for the eight cognitive vari-
ables: short-term memory, long-term memory, verbal 
abstract thinking, judgment, aphasia, apraxia, agnosia, 
and constructional difficulty. It is important to mention 
that for some cognitive domains, such as memory, sev-
eral neuropsychological subtests were collated in order 
to cover different areas of each domain.

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 variables in this 
component which means theoretically that a person 
could have a score between zero “0” to thirty-two “32”.

Results

This study is a secondary analysis of the Canadian 
Study of Health and Aging (CSHA). Table 1 describes the 
physical and cognitive variables and the cut-points in-
cluded in the Neurocognitive Frailty Index (NFI). When 
each of the 42 variables are added together, the total 
score of NFI can range between zero “0” and sixty-six 
“66”. Table 2 lists demographic details for the 1228 par-
ticipants in the analysis cohort. As noted, 41.4% were 
male with a mean age of 80.8 (± 6.7). The mean NFI 
score was 7.33 (± 4.45) for 601 participants deemed 
“normal” at baseline and significantly different with the 
MCI and the AD group (in Age, Education, 3MS at base- 
line and follow-up, FI and NFI).

Figure 1 shows the distribution of the Neurocogni-
tive Frailty Index, with a mean of 7.3 in the cognitively 
normal participants at baseline. Scatter plot of the Neu-
rocognitive Frailty Index and 3MS at baseline and 3MS 

Table 1: Physical and mental variables and cut-points included 
in the Neurocognitive Frailty Index.

List of 42 variables in NFI Cut point
1-Help eating Yes = 1, No = 0
2-Help dressing Yes = 1, No = 0
3-Help grooming Yes = 1, No = 0
4-Help walking around house Yes = 1, No = 0
5-Help getting in/out of bed Yes = 1, No = 0
6-Help bathing Yes = 1, No = 0
7-Help using toilet Yes = 1, No = 0
8-Help using telephone Yes = 1, No = 0
9-Help walking distance Yes = 1, No = 0
10-Help shopping Yes = 1, No = 0
11-Help with meal preparations Yes = 1, No = 0
12-Help with housework Yes = 1, No = 0
13-Help taking medication Yes = 1, No = 0
14-Help with finances Yes = 1, No = 0
15-Self rating of health Very poor = 1, Poor = 0.75, 

Not too good = 0.5,
Pretty good = 0.25, Very 
good = 0

16-Cough problem Yes = 1, No = 0
17-Feel tired Yes = 1, No = 0
18-Nose stuffed up or sneezing Yes = 1, No = 0
19-High blood pressure Yes = 1, No = 0
20-Heart and circulation Yes = 1, No = 0
21-Stroke Yes = 1, No = 0
22-Arthritis Yes = 1, No = 0
23- Parkinson Yes = 1, No = 0
24-Eye Yes = 1, No = 0
25-Ear Yes = 1, No = 0
26-Chest Yes = 1, No = 0
27-Stomach Yes = 1, No = 0
28-Kidney Yes = 1, No = 0
29-Bladder Yes = 1, No = 0
30-Bowel Yes = 1, No = 0
31-Diabetes Yes = 1, No = 0
32-Trouble with feet or ankles Yes = 1, No = 0
33-Nervous problem Yes = 1, No = 0
34-Trouble prevent normal 
activities

A great deal = 1, A little = 
0.5, Not at all = 0

35-Short-term memory None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

36-Long-term memory None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

37-Verbal abstract thinking None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

38-Judgment None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

39-Aphasia None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

40-Apraxia None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

41-Agnosia None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4

42-Constructional difficulty None = 0, Questionable = 
1, Mild = 2, Moderate = 3, 
Severe = 4
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Figure 2 (Panel A) shows a positive association be-
tween age and NFI. Panel B is showing the same asso-
ciation in men and women. Thus, these results indicate 
that the NFI has the same property for both men and 
women.

after 5-year follow-up show the association; NFI values 
tended to be lower in participants with higher 3MS 
scores. Spearman correlation between NFI and 3MS at 
baseline and follow-up are r = ̵ 0.31 (p = 0.01) and r = ̵ 
0.33 (p = 0.01) respectively.

Table 2: Demographic characteristics and cognitive status at baseline in cognitively normal subjects (n = 601) and MCI or AD 
subjects (n = 627).

Variables Cognitively normal n = 601 MCI/AD n = 627 P-value
Age (years); mean (SD) 79.96 (6.79) 81.75 (6.68) 0.01
Male; n (%) 245 (41%) 263 (41.9%) 0.69
Education (years); mean (SD) 9.36 (4.03) 8.32 (5.58) 0.01
3MS-CSHA1; mean (SD) 85.68 (9.10) 71.82 (10.62) 0.01
3MS-CSHA2; mean (SD) 81.53 (14.42) 59.19 (21.34) 0.01
FI; mean (SD) 0.17 (0.97) 0.22 (0.12) 0.01
NFI; mean (SD) 7.33 (4.39) 15.58 (6.84) 0.01
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Figure 1: Distribution of Neurocognitive Frailty Index (NFI) and 3MS (diagonal). Off-diagonal Scatter plots are related to NFI 
and 3MS at baseline and 5-year follow-up.
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effect, which means a higher score on NFI has a lower 
3MS score. Logistic regression was applied for model 
2 in which NFI was significant with an odds ratio equal 
to 1.12, which indicates that participants with a higher 
NFI score have a higher chance of developing demen-
tia. Finally, Cox regression was used for survival analy-
sis, which indicated all these variables were significantly 
related to mortality. Moreover, when both NFI and FI 

Table 3 describes three regression models that were 
used for each outcome. Multiple linear regressions 
were applied for cognitive change (using 3MS) in the 
model 1. In this analysis, age, sex and NFI were each sig-
nificant predictors of cognitive change. Age showed a 
negative effect, meaning that a higher age correlates to 
a lower 3MS score. Males have an almost 5 point lower 
3MS score compared to women, NFI showed a negative 
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Figure 2: Association between age and Neurocognitive Frailty Index (NFI) in cognitively normal group (baseline) (Panel A), in 
women and men (Panel B).
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chronic disease and death, was a big concern by re-
searchers in this field [5,32,33]. Fortunately, the frailty 
index was introduced and was compared over time in 
different settings and populations. It helped us to make 
a framework to develop this new index. In fact, compar-
ing and contrasting of FI was done so many times with 
other indexes including phenotype frailty and clinical 
frailty in very large sample size data, which guides us to 
consider frailty index as our framework to develop this 
new index.

However, the results of the present study suggest 
that in addition to physical capacity, frailty is also as-
sociated with cognitive and psychological symptoms. 
Surprisingly this approach did not get much consider-
ation up to now. As Langlois and colleagues suggested, 
both cognitive and psychological symptoms should be 
taken into account to better encompass the complexi-
ty of the frailty syndrome [1]. It is also suggested that 
a multidimensional approach should be used to assess 
the impacts of intervention programs devoted to frail 
older adults [1]. The present study addressed this gap.

Nevertheless, our results must be interpreted with 
caution. This is a secondary analysis using the CSHA 
dataset, so prospective confirmation with a larger sam-
ple size in different sample would allow generalizing 
the present findings. In addition, the NFI is in a devel-
opmental stage and needs to be replicated in various 
settings, including different health settings, education-
al backgrounds or even different ethnicities. Although 
the CSHA dataset has a large, representative sample, it 
is limited by missing data that may exclude vulnerable 
participants. Moreover, the follow-up period was only 5 
years and validation of this index needs to be examined 
for longer follow-up periods.

In conclusion, the NFI can be considered as a useful 
index to predict outcomes, which is simple to calculate 
and interpret. It has shown very good agreement with 
age and the FI. The most important outcomes in the 
elderly population such as dementia and mortality can 
be captured by the NFI very well. Little is known about 

measures were included in the three multivariate anal-
yses, only NFI was significant (p < 0.05); all models were 
adjusted for age and gender.

Discussion

Although, Canadians live longer, the process of aging 
affects one’s health status and for the most part, these 
changes are not favourable. Because of this demograph-
ic change, there is a need to develop policies and plans 
to deal with this change. For example, in the USA the 
number of Americans living with Alzheimer’s disease is 
growing and an estimated 5.5 million Americans of all 
ages have Alzheimer’s disease in 2017 [29]. Whereas, 
the number of Canadians aged 85 and over increased 
from almost 200,000 in 1981 to 492,000 in 2005 and 
is projected to increase to 1,000,000 by 2031 [30]. Al-
though prevalence of Alzheimer’s disease is almost 3% 
for those aged 65 and over, this number will increase 
10-fold and represent 33% for those over 85-years-old 
in the Canadian population. These numbers indicate 
why aging and related disorder such as Alzheimer’s dis-
ease are a major concern for the developing countries 
[31].

The objective of the present study was to develop 
and validate the NFI. The major finding of the present 
study is that the NFI allows for the evaluation of both 
physical and mental health components which can be 
related to important outcomes. The present results in-
dicate that participants with a higher NFI score have a 
higher chance of developing dementia and specifical-
ly a higher NFI score was associated to a higher risk of 
death. Additionally, the NFI is sensitive to detect even 
small changes in cognitive status.

Initially, it was clear to clinicians and researchers 
that an important part of frailty is not just in one’s phys-
ical wellbeing but also in one’s cognitive capacities. 
However, there was not a clear algorithm to assess this 
idea. Conflicting ideas regarding the definition of frailty, 
what criteria should be used for its recognition, and its 
relationships with aging, disability, institutionalization, 

Table 3: Result of 3 regression models to predict outcomes (3MS, Dementia, Mortality).

Model 1: 3MS as outcome
Variables Unstandardized B (SE) Standardized B T P-Value
AGE -0.60 (0.10) 0.28 -5.92 0.00
Gender -4.77 (1.33) -0.16 -3.59 0.00
NFI -0.93 (0.17) -0.27 -5.65 0.00

Model 2: Dementia as outcome
Variables Unstandardized B (SE) Wald Odds ratio P-Value
AGE 0.04 (0.03) 1.05 1.03 0.30
Gender -0.99 (0.58) 2.94 0.37 0.08
NFI 0.12 (0.05) 5.49 1.12 0.02

Model 3: Mortality as outcome
Variables Unstandardized B (SE) Wald Hazard ratio P-Value
AGE 0.06 (0.02) 19.01 1.06 0.02
Gender 0.48 (0.30) 7.20 1.61 0.12
NFI 0.09 (0.03) 22.01 1.09 0.00
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Corporation, New York.

21.	Dobbs AR, Rule BG (1989) Adult age differences in work-
ing memory. Psychol Aging 4: 500-503.

22.	Reitan RM (1992) Trail making test: Manual for administration 
and scoring. Reitan Neuropsychology Laboratory, Arizona.

23.	Benton AL, Hamsher K (1989) Multilingual Aphasia Exam-
ination. (2nd edn), Iowa City, Iowa USA: AJA Associates.

24.	Spreen O, Benton AL (1977) Neurosensory center compre-
hensive examination for aphasia. Victoria, British Colum-
bia: University of Victoria.

25.	Mack WJ, Freed DM, Williams BW, Henderson VW (1992) 
Boston Naming Test: shortened versions for use in Alzhei-
mer’s disease. J Gerontol 47: 154-158.

26.	Read DE (1980) Neuropsychological assessment of mem-
ory in early dementia: Normative data for a new battery of 
memory tests “Animal Naming”. Victoria, Canada.

27.	Tuokko H, Hadjistavropoulos T, Miller JA, Beattie BL (1992) 
The clock test: a sensitive measure to differentiate normal 
elderly from those with Alzheimer disease. J Am Geriatr 
Soc 40: 579-584.

28.	Joanette Y (1999) Evaluation neuropsychologique dans la 
démence de type Alzheimer: un compromis optimal. L’An-
née Gérontologique 9: 69-83.
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33.	Bergman H, Ferrucci L, Guralnik J, Hogan DB, Hummel S, 
et al. (2007) Frailty: an emerging research and clinical para-
digm - issues and controversies. J Gerontol A Biol Sci Med 
Sci 62: 731-737.

the contribution of cognitive domains in improving pa-
tient-level prediction outcome using physical frailty, to 
our knowledge this study is the first to expand the frailty 
concept by including neurocognitive measures. Further 
studies examining the contribution of neurocognitive 
frailty in improving prediction patient outcomes are 
needed before adopting NFI as a prognostic tool.
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