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Abstract

Background Models of cognitive reserve in aging suggest
that individual’s life experience (education, working
activity, and leisure) can exert a neuroprotective effect
against cognitive decline and may represent an important
contribution to successful aging.

Aim The objective of the present study is to investigate the
role of cognitive reserve, pre-morbid intelligence, age, and
education level, in predicting cognitive efficiency in a
sample of healthy aged individuals and with probable mild
cognitive impairment.

Methods Two hundred and eight aging participants
recruited from the provincial region of Bari (Apulia, Italy)
took part in the study. A battery of standardized tests was
administered to them to measure cognitive reserve, pre-
morbid intelligence, and cognitive efficiency. Protocols for
10 participants were excluded since they did not meet
inclusion criteria, and statistical analyses were conducted
on data from the remaining 198 participants. A path anal-
ysis was used to test the following model: age, education
level, and intelligence directly influence cognitive reserve
and cognitive efficiency; cognitive reserve mediates the
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influence of age, education level, and intelligence on
cognitive efficiency.

Results Cognitive reserve fully mediates the relationship
between pre-morbid intelligence and education level and
cognitive efficiency, while age maintains a direct effect on
cognitive efficiency.

Discussion Cognitive reserve appears to exert a protective
effect regarding cognitive decline in normal and patho-
logical populations, thus masking, at least in the early
phases of neurodegeneration, the decline of memory, ori-
entation, attention, language, and reasoning skills.
Conclusions The assessment of cognitive reserve may
represent a useful evaluation supplement in neuropsycho-
logical screening protocols of cognitive decline.

Keywords Cognitive reserve - Aging - Pre-morbid
intelligence - Mini-mental state examination - Montreal
Cognitive Assessment - Elderly

Introduction

In recent years, we have witnessed a steady increase in the
number of diagnoses related to neurodegenerative diseases,
especially dementia. These diagnoses come with increasing
costs for public health and social assistance systems
struggling to develop effective responses and solutions for
the chronic and debilitating pathologies that can accom-
pany aging [1, 2].

Biomedical and psychosocial research increasingly
concentrates on the prodromal and early phases of neu-
rodegenerative diseases as well as risk and prevention
factors, seeking to identify variables that make the largest
impact on cognitive decline. An aging individual with
cognitive deficits that do not yet impact daily-life
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functioning meets the criteria for mild cognitive impair-
ment (MCI) [3], together with an increased risk of devel-
oping Alzheimer’s disease. Brain changes with advancing
age, such as diminution of cerebral weight and volume,
formation of amyloid plaques, and changes in protein
synthesis, are the organic substrates of cognitive deterio-
ration and can have a significant negative impact on daily
life.

Recent debates in the literature aim to establish which
cognitive function is first implicated in cognitive decline,
in order to define a model of MCI specific to each type of
dementia [4]. It is noteworthy, however, that individuals
with cognitive decline may present with widely varying
types of cognitive dysfunction and differ considerably in
terms of the severity of their symptoms. This is in accor-
dance with the hypothesis of cognitive reserve (CR) [5],
which posits that certain brain functions can mitigate the
effects of neurodegeneration and reduce vulnerability to
neural damage [6, 7]. According to this model, individuals
differ in terms of innate variables such as intelligence, and
diverse experiences due to lifestyle, cultural and educa-
tional background, work-related activities, and personal
habits [8]. The strong assumption underlying the model of
CR is that flexible and high-performing neural circuitry
should be less vulnerable to degeneration processes. The
CR model also posits that individuals can develop neural
resources which reduce the risk of a cognitive decline to
come and can thus sustain a greater degree of neural
damage before crossing the threshold of clinically recog-
nized cognitive impairment. This threshold can therefore
be understood as representing an interaction between the
level of organic damage sustained and the capacity of an
individual to dynamically compensate for such damage, by
using pre-existent neural circuitry or recruiting alternative
networks that maintain the stability of their cognitive skills
across time [9].

Numerous studies have identified three main sources of
CR, which correspond to the three main aspects of an
individual’s life experience: (a) education level [10-12],
(b) work-related activities [13, 14], and (c) leisure time
[15-17]. It is these factors that contribute to the develop-
ment of neurological reserve, which protects the brain from
neuropathology and plays an important role in promoting
successful aging. In the Italian context, the CRI-q [18, 19],
an instrument that measures cognitive reserve by probing
an individual’s experience in these three areas, was
recently developed.

Another factor that appears to be involved in building
CR is intelligence, innate and pre-morbid [20]. Intelligence
quotient (IQ) is usually measured using standardized tests
that provide detailed information on an individual’s intel-
lectual performance in a specific cognitive domain, with
respect to a normative sample. In contrast, measures of pre-
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morbid intelligence aim to quantify the extent to which a
neurological damage has impacted the intellectual capacity
of patients. Pre-morbid intelligence is usually measured
using a performance test that provides an estimate of pre-
morbid 1Q [21]. One of the most widely used tests of this
type for English native speakers is the National Adult
Reading Test (NART) [22], which assesses pronunciation
of irregular, low-frequency words. These words are likely
to be pronounced incorrectly using common phonetic
interpretation rules if an individual does not already pos-
sess this linguistic knowledge. The theoretical assumption
is that reading ability is retained across time despite dete-
rioration in other cognitive domains. Since reading ability
is highly correlated with general intelligence, it can be used
to estimate the IQ that preceded neural damage or deteri-
oration. Colombo and colleagues [23] have proposed a
similar test for Italian native speakers, the Test di Intelli-
genza Breve (TIB, i.e., Brief Intelligence Test).

Some studies use pre-morbid IQ as a component in the
estimation of CR [14]. However, Nucci and colleagues [18]
discourage the use of IQ as an index of CR, arguing that the
latter should be (a) considered an autonomous construct
referring to the accumulation or storehouse of potential
resources, (b) evaluated in a manner which does not depend
on tests that measure performance, (c) suitable for the very
elderly or to persons with diagnoses that are not specifi-
cally neurodegenerative (e.g., those who present with
psychiatric syndromes or physical disabilities), and
(d) measured by a test readily administrable to family
members or caregivers.

The general objective of the present study was to
investigate the causal role of CR, pre-morbid intelligence,
age, and education level in predicting the cognitive effi-
ciency in a sample of healthy aged and with probable mild
cognitive impairment people. A further objective was to
evaluate the construct of CR as a possible mediator for the
effects of other predictors, namely pre-morbid intelligence,
age, and education level, on cognitive efficiency.

Materials and methods
Participants

Two hundred and eight participants, Apulia residents lar-
gely recruited from the metropolitan area of Bari, took part
in the study on a voluntary basis from March to May 2015.
Inclusion criteria were: (a) absence of any diagnosis of
dementia or overt signs of other neurodegenerative dis-
eases, (b) absence of psychiatric diseases that might affect
cognitive functioning, (c) absence of neurological or
chronic systemic disorders not pharmacologically com-
pensated that might affect cognitive functioning, (d) no
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history of stroke, brain lesion, or cranial trauma, and
(e) autonomy in daily life. Ten participants were excluded
for the following reasons: Four participants received a
score equal to above one on the Clinical Dementia Rating
(CDR) scale, presumably indicating cognitive deterioration
of a light/moderate to severe nature, three participants
obtained a score below cutoff for autonomous functioning
in daily life, one participant had been diagnosed as bipolar,
and two participants suffered from epilepsy. The final
sample whose data were included in statistical analyses
was composed of 198 participants.

Procedure

All participants recruited for the study were given the
following battery of tests:

e Mini-mental state examination—MMSE [24];

e Montreal Cognitive Assessment—MoCA [25]: The
MoCA is a measure with a similar scope as the MMSE,
which also allows for a rapid screening of global
cognitive functioning;

e Test di Intelligenza Breve (i.e., Brief Intelligence
Test)—TIB [23]: The TIB is a measure that serves as
an estimate of IQ preceding a traumatic or morbid
event, using an algorithm based on the theory of neural
networks. The TIB consists of 54 words including 34
“test words,” some with irregular (proparoxytone) and
others with regular (even) stress, and 20 high-frequency
words not considered in the performance score. The test
consists in reading the words aloud. These words are
divided into “easy” and “difficult” categories, based
on the difficulty of pronouncing them correctly. On the
basis of the number of errors computed, the age of the
subject, her/his education level, and gender, it is
possible to quantify the individual’s pre-existing cog-
nitive level, providing three distinct scores (i.e., verbal,
performance, and total score);
Cognitive Reserve Index Questionnaire—CRI-q [18]:
The CRI-q is a measure based on the principal indices
of CR reported in the literature. The questionnaire
collects information related to the three sources
constituting CR, which are thought to have both
independent and additive effects: education, working
activity, and leisure time. The three resulting scores
(CRI Education—CRI WorkingA.—CRI Leisure T.)
are combined in a single score called the “Cognitive
Reserve Index” (CRI). The final score for the CRI-q
questionnaire and its three sub-indices are computed on
a scale with a mean of 100 and a standard deviation of
15;

e (linical Dementia Rating—CDR [26];

e Activities of Daily Living—ADL [27];

e Instrumental Activities of Daily Living—IADL [28];

e Structured Interview: A brief structured interview with
an associated checklist was constructed ad hoc, in order
to probe and exclude the following pathologies with
possible detrimental impact on cognition: known neu-
rodegenerative diseases other than dementia, psychi-
atric syndromes, neurological and chronic systemic
disorders not compensated by pharmacological treat-
ment, strokes, brain lesions, and cranial traumas.

Each testing administration was jointly accomplished by
two research assistants expert in neuropsychology and
lasted about 90 min, with breaks provided as requested by
participants. Testing took place in the homes of the par-
ticipants, was administered in spacious and well-lit rooms,
and did not conflict with the regular schedules of the par-
ticipants. All participants signed a consent form declaring
their voluntary participation in the research.

Statistical analyses

The data were analyzed using R software. Path analysis
was employed to analyze data. It is a technique used to
describe relations between variables and constitutes a
special case of structural equation modeling [29, 30], in
which only a single indicator is used to specify for each
variable in the causal model. It may be viewed as a
structural model that lacks measurement model (i.e., the
hypothesized relation between observed and latent vari-
ables). Path analysis is an appropriate technique of inves-
tigation if the hypotheses proposed by the researcher are
consistent with already established hypotheses and well-
attested results reported in the relevant literature, indicating
that the hypothesized relations between variables are cor-
roborated by empirical findings. In the present study, we
tested the following model: age, education level and
intelligence directly influence CR and cognitive efficiency;
CR mediates the influence of age, education level, and
intelligence on cognitive efficiency. Furthermore, age,
education level, and intelligence are significantly corre-
lated with each other, as are the two measures of cognitive
efficiency.

Results

Table 1 shows the means, standard deviations, and corre-
lation coefficients for the variables employed in this study.
As already specified in the Methods section, CDR was
measured in order to exclude individuals with light/mod-
erate to severe cognitive deterioration (CDR > 1). It was
also used to distinguish between healthy participants with
no evidence of cognitive impairment (CDR = 0) and those
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Table 1 Means, standard

e . Variable Mean SD AGE EDU TIB CRI MMSE MoCA
deviations, and correlations
between variables used in path AGE 72.40 710 _
analysis ' '
EDU 9.19 4.85 —0.34 -
TIB 100.06 14.46 —0.30 0.54 -
CRI 99.93 23.75 —-0.29 0.69 0.71 -
MMSE 25.93 2.83 —0.30 0.35 0.39 0.56 -
MoCA 20.56 4.32 —0.50 0.48 0.57 0.56 0.63 -

EDU education level (years of schooling), TIB Test di Intelligenza Breve (Brief Intelligence Test), CRI
Cognitive Reserve Index, MMSE Mini-mental state examination, MoCA Montreal Cognitive Assessment

All correlations are significant, p < 0.001

with probable mild cognitive impairment (CDR = 0.5). It
was preferable to use this measure as the criterion for
classification since the MMSE and MoCA scores were used
in the statistical model as outcome variables. Furthermore,
with respect to MoCA, there is an ongoing debate con-
cerning which score might be considered the best cutoff in
determining a diagnosis of mild cognitive impairment for
the Italian population [31-33]. Out of 198 participants (111
female), 164 were shown to be cognitively healthy (83
females), and 34 showed a probable mild cognitive
impairment (28 females).

All correlations between predictors, and between the
predictors and the two measures of cognitive efficiency,
were significant with p < 0.001. The effect sizes varied
between 0.29 (correlation between age and CR) and 0.71
(correlation between pre-morbid intelligence and CR). No
correlation coefficient between age, education level, and
pre-morbid intelligence was higher than 0.75, suggesting
that there were no issues of multicollinearity among the
predictors. Consequently, all the variables were included in
the path analysis.

Table 2 shows the standardized estimates for the effects
of each predictor on each outcome variable, with the
related standard errors, Z scores, and p values. R-squared
values for each outcome variable are also shown. The
predictors explain 35 % of the variance in MMSE scores,
36 % of the variance in the MoCA scores, and 64 % of the
variance in CR scores. Figure 1 illustrates significant
effects in the path analysis model; non-significant effects
have been removed but are reported in Table 2. With
respect to the effects of the predictors on the measures of
cognitive efficiency, significant results were found for the
effect of age on the MMSE (ff = —0.23, p < 0.001) and on
the MoCA (ff = —0.16, p < 0.001), and for the effect of
CR on the MMSE (f = 0.48, p < 0.001) and on the MoCA
(B = 0.52, p < 0.001). As for the effects of the predictors
on CR, significant results were obtained for the coefficients
of pre-morbid intelligence (f = 0.48, p <0.001) and
education level (ff = 0.42, p < 0.001). Also significant
(p < 0.001) was the covariance between age, education
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level, and pre-morbid intelligence (age and education level
Cov = —0.34; age and pre-morbid intelligence
Cov = —0.30; and pre-morbid intelligence and education
level Cov = 0.54), and the covariance between the MMSE
and MoCA (Cov = 0.65).

Table 3 shows the direct, indirect, and total effects of
the predictors on the MoCA and on the MMSE. There were
no direct effects of pre-morbid intelligence and education
level on cognitive efficiency. On the other hand, these same
variables demonstrated rather important indirect effects on
cognitive efficiency (pre-morbid intelligence on the MoCA
p =0.25, p<0.001; pre-morbid intelligence on the
MMSE f = 0.23, p < 0.001; education level on the MoCA
p = 0.22, p <0.001; and education level on the MMSE
f = 0.20, p < 0.001). These relationships were completely
mediated by CR, which absorbed most of the variance due
to these two predictors. By contrast, no significant indirect
effects were observed for age.

Discussion

The main result of the present study, obtained through a
path analysis model, was that cognitive efficiency was
significantly predicted by age and by CR, which was, in
turn, robustly correlated with pre-morbid intelligence and
education level. There was an inverse relation between age
and cognitive efficiency: The greater the age of partici-
pants, the lower their cognitive efficiency. CR wholly
mediated the relation between pre-morbid intelligence and
education level, on the one hand, and MMSE and MoCA
scores, on the other hand. This was a direct relationship:
Greater pre-morbid IQ and education levels lead to a larger
accumulation of resources that older adults can use to cope
with cognitive decline, which in turn leads to better cog-
nitive efficiency. The ties between intelligence, which can
be considered an innate individual factor, and education
level, which can be considered as a complex product of
innate factors such as intelligence and environmental fac-
tors, with CR are aligned with theoretical models which
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Table 2 Path analysis results: standardized effect estimates, standard errors of estimate, Z scores, p values, explained variances (R squared) for

each outcome and mediation variable

Effect Standardized estimate Standard error VA p R squared
On MoCA 0.355
Of age —0.160 0.040 —3.970 < 0.001
Of cognitive reserve 0.524 0.076 6.923 < 0.001
Of pre-morbid intelligence 0.036 0.054 0.658 0.511
Of education —0.031 0.053 —0.585 0.559
On MMSE 0.353
Of age —0.232 0.058 —3.970 < 0.001
Of cognitive reserve 0.476 0.092 5.176 < 0.001
Of pre-morbid intelligence 0.052 0.079 0.658 0.511
Of education —0.045 0.076 —0.585 0.559
On cognitive reserve 0.637
Of age —0.006 0.046 —0.123 0.902
Of cognitive reserve 0.484 0.051 9.429 < 0.001
Of education 0.423 0.052 8.123 < 0.001
Covariance
Of MoCA and MMSE 0.395 0.060 6.583 < 0.001
Of age and education —0.337 0.063 —5.343 < 0.001
Of pre-morbid intelligence and education 0.538 0.050 10.669 < 0.001
Of age and pre-morbid intelligence —0.299 0.065 —4.624 < 0.001
Fig. 1 Graphical representation .23
of the model tested. The solid AGE - MMSE
lines represent statistically
significant coefficients: the _16 M
solid-dotted lines indicate the \
variance explained by the -30 48 \
outcome and mediation ' 2
. R*=.35
variables
-34 TIB > CRI 65
A8
I
| R?=.36
.54 . 2
42 I 52 :
: /
I N
EDU I MoCA
I
¥
R?= .64

understand reserve in the sense of an “accumulation” or
“storehouse” of experiences taken from various aspects of
life [18, 19, 34]. This storehouse, which an individual
begins to build from a young age when neuronal growth
and neural plasticity are maximal, and which carries

forward through the entire life span, contributes to sus-
taining cognitive capacity even in later stages when neu-
ronal circuits begin to deteriorate. CR can thus be seen as a
protective factor against normal and pathological cognitive
decline which might mitigate, at least in the early stages of
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Table 3 Direct, indirect, and

Direct effect Indirect effect Total effect

total effects on MoCA and on Effect
MMSE On MoCA
Of age

Of pre-morbid intelligence
Of education
On MMSE
Of Age
Of pre-morbid intelligence

Of education

—0.160%** —0.003 —0.162%*
0.036 0.254%%%* 0.290%**
—0.031 0.222%%%* 0.191%*
—0.232%** —0.003 —0.235%**
0.052 0.230%** 0.282%%*
—0.045 0.2017%%* 0.156*

¥ p < 0.05; # p < 0.01; ** p < 0.001

neural degeneration, deficits in memory, orientation,
attention, language, and reasoning [4, 35-41].

It is noticeable that CR has been nearly always repre-
sented by means of indicators such as education level,
socio-economic status (i.e., SES), occupational attainment,
and measures of intelligence (in most cases a measure of
pre-morbid intelligence). In some cases, a composite score
derived from a linear combination of these factors has been
employed [42]. Nonetheless, in more recent theoretical
advancements [43], CR has been conceptualized as a
hypothetical construct that may be better represented by a
multiple indicator model, including also other components
such as lifestyle factors, engagement in cognitively stim-
ulating behaviors, and social activities [44, 45]. This way
of thinking at CR suggests that: a) There are multiple
sources which contribute to CR, and b) CR may be viewed
not as a fixed entity, but rather as a changing phenomenon
across the life span, which can gain or lose its protective
potential depending on exposures and behaviors acted
throughout an individual’s entire life span. Thus, CR can
be considered as a measure per se rather than being rep-
resented singly by education level, work attainment, or pre-
morbid intelligence. Furthermore, the latter are not sup-
posed to progress or to change significantly from a certain
stage of life, while other life experiences (i.e., lifestyle
factors, cognitively stimulating behaviors, and social
activities) can occur in every stage of life, even in those
where individuals are not supposed to raise their education
level or to improve their IQ anymore [7].

The assessment of CR in elderly people could provide a
useful supplementary measure to integrate with existing
protocols in the neuropsychological assessment of cogni-
tive decline, which is usually conducted using perfor-
mance-based tests. Regarding the diagnostic process of
cognitive decline due to neurodegenerative processes,
obtaining information about CR may be critical, since
individuals showing different degrees of CR will demon-
strate disease-related clinical symptoms at different times.
In this case, it would be useful for the clinician to predis-
pose more challenging and more pathology-specific
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diagnostic tests for people with high degrees of CR [7].
Moreover, including measures which account for an indi-
vidual’s life experiences could help in formulating a clin-
ical assessment of the likely progress of neurodegenerative
processes and could provide indications for recommending
possible interventions based on restorative or compen-
satory strategies in elderly people with a diagnosis of mild
cognitive impairment [46—48].

This work took an exploratory approach in examining
possible theoretical models relating CR and pre-morbid
intelligence to cognitive efficiency as one of the life out-
come in elderly [49]. The most important suggestion of the
present study was that the influence of pre-morbid intelli-
gence on cognitive efficiency seemed to be mediated by the
educational, professional, and social/leisure experiences
across the life span. In other terms, the intelligence mea-
sured throughout special tests—as NART [11, 14] or TIB
[18, 19]—seemed predictive of personal choices/opportu-
nities and, in turns, of cognitive efficiency.

In conclusion, although intelligence, sketchily detected
in the present study according to a pre-morbid 1Q measure,
undoubtedly gives a paramount contribution to individuals’
choices and experiences along the life span, the variability
of life trajectories cannot be caught only by the contribu-
tion of this factor. Crucially, the effect of pre-morbid
intelligence on cognitive efficiency seems to be mediated
by a composite measure of experiences occurring during
life span, rather than having a direct impact. If the latter
suggestion will be confirmed by future research, improving
life span experiences, also involving people in leisure
activities and in life-long learning programs, should miti-
gate the effects of lower pre-morbid IQ and education level
on cognitive efficiency.

Given these encouraging results, future implementations
of the model presented here could include several precau-
tions and improvements in terms of theoretical and
methodological aspects. First, it would be helpful to
increase the sample size, making possible a more complex
model that could include new variables and allow for a
structural equation model instead of a path analysis [30].
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The larger the sample size, the greater the reliability of the
correlation estimates which inform the model. Second,
including a short battery of standardized psychological
instruments alongside the CDR could improve overall
diagnostic success in identifying individuals with mild
cognitive impairment, with a view to including, with a
reasonable degree of diagnostic certainty, only cognitively
healthy individuals or in the earliest stages of cognitive
deterioration [50].
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