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ABSTRACT. Background and aims: The concept of “re-
serve” has been used to explain the difference between in-
dividuals in their capacity to cope with or compensate for
pathology. Brain reserve refers to structural aspects of the
brain, such as brain size and synapse count. Cognitive re-
serve is the ability to optimize and maximize perfor-
mance through two mechanisms: recruitment of brain
networks, and/or compensation by alternative cognitive
strategies. The aim of the present research was to devise
an instrument for comprehensive assessment and mea-
surement of the quantity of cognitive reserve accumulated
by individuals throughout their lifespan. Methods: A new
approach using the Cognitive Reserve Index questionnaire
(CRIq) was developed and tested in a sample of 588
healthy individuals, from 18 to 102 vears old, stratified
by age (Young, Adults, Elderly) and gender. The CRIq in-
cludes demographic data and items grouped into three
sections: education, working activity and leisure time,
each of which returns a subscore. The WAIS Vocabulary
test and TIB were also administered. Results: The main
descriptive features and some inferential results are de-
scribed. Intelligence was only moderately correlated
with cognitive reseruve, stressing the distinction between
these two concepts. Age and gender significantly af-
fected CRIq scores, whereas no effect emerged from
their interaction. Adults showed a higher score than
Young and Elderly. Conclusions: This study provides a
new instrument for a standardized measure of the cog-
nitive reserve accumulated by individuals through their
lifespan. The potential use of the CRIq in both experi-
mental research and clinical practice is discussed.
(Aging Clin Exp Res 2012; 24: 218-226)
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INTRODUCTION

The concept of “reserve” was proposed in the late
1980s to explain the differences among individuals in their

ability to cope with physiological or pathological cognitive
decline. There is not always a direct relationship be-
tween the severity of brain pathologies or brain damage
and the degree of deficit in performance. For many
years, Brain Reserve (BR) was the prevalent construct of
the potential ability of the brain to cope with neuronal
damage. Katzman et al. (1) examined the brains of ten
subjects who had documented post-mortem neu-
ropathology of Alzheimer’s dementia (AD), even though
they had not expressed any sign of cognitive decline
when alive. The authors attributed the absence of clinical
signs of dementia to the higher-than-average weight of
their brains. Later, BR was defined as the brain’s re-
silience: that is, the possibility of the brain itself coping
with increasing brain damage (2). The Brain Reserve
hypothesis is primarily a passive-quantitative model related
to individual differences (e.g., brain size and synapse
count); a greater BR is considered as a protective factor,
and a lower one indicates vulnerability.

The debate on BR and aging introduced and developed
the concept of Cognitive Reserve (CR), a fascinating
concept at the basis of brain plasticity. The Cognitive Re-
serve hypothesis suggests that the brain actively attempts
to cope with damage by using pre-existing cognitive pro-
cesses or enlisting compensatory strategies. Thus, people
with a high CR can withstand more age-related changes
and disease-related pathologies by effectively and flexibly
using cognitive paradigms or compensatory brain net-
works (2-7). However, there is no a clear-cut distinction be-
tween BR and CR. As Stern (2) explicitly suggested, there
is neural implementation of CR in terms of efficiency, ca-
pacity and flexibility of synaptic reorganization, and in
terms of the relative utilization of specific brain regions.
Similarly, intensive cognitive stimulation may be associated
with increased brain volume in childhood (e.g., 8).

So far, CR has been estimated by extremely hetero-
geneous methods and more than a few proxies, as shown
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Table 1 - Cognitive reserve proxies identified in 24 studies explicitly evaluating CR.

Study Education Occupation Intelligence Leisure activity

Alexander et al. (9) numerical scale no demographics-based 1Q no
(years of education) estimation; WRAT

(reading subtest)

Bialystok et al. (10) numerical scale 5-point scale (Human no no

(years of education) Resources and Skills
Development, Canada, 2001)

Christensen et al. (11)  3-point scale (less than no Spot-the-Word Test Self-directed
10, 10-12, over 12 Search Test
years of education)

Daffner et al. (12) numerical scale no AMNART; Raven’s no
(years of education) Progressive Matrices Test

Garibotto et al. (13) numerical scale 6-point scale no no
(years of education) (NEST-DD project protocol)

Garrett et al. (14) numerical scale no NART no
(years of education)

Le Carret et al. (15) 4-point scale (less than 5, 6-9, no no no
10-12, over 12 years of education)

Martino et al. (16) numerical scale (years of education) no WAIS-R (Vocabulary subtest) no

McDowell et al. (17) numerical scale (years of education) 6-point scale no no
and 4-point scale (qualification) (Statistics Canada’s standard

occupational codes, 1981)

Ngandu et al. (18) 3-point scale (less than 5, 6-8, no no no
over 8 years of education)

Perneczky et al. (19) numerical scale (years of education) no no no

Ropacki et al. (20) no 7-point scale OPIE no

(US Census categories, 1994 )

Roselli et al. (21) dichotomous scale (less or more no no no
than 8 years of education)

Scarmeas et al. (22) numerical scale (years of education) no NART customized

questionnaire

Solé-Padullés et al. (23) 4-point scale (qualification) customized 4-point scale WAIS-R (Vocabulary subtest)  customized

Spitznagel et al. (24)
Staff et al. (25)

Stern et al. (26)

Tucker-Drob et al. (27)

Valenzuela &
Sachdev (28)

no
numerical scale (years of education)

numerical scale (years of education)

dichotomous scale (less or more
than 12 years of education)
numerical scale (years of
education) plus courses

WRAT

questionnaire

no no

9-point scale (GB: Office of no no

Population Censuses

and Surveys, 1990)

no WAIS-R (Vocabulary subtest); no
NART

no Kit of factor-referenced no
cognitive tests

9-point ordinal scale no customized

(Australian Standard
Classification of
Occupations, 1997)

questionnaire

from a systematic literature revision of CR indicators
(some examples are given in Table 1).

Education is one of the first and most commonly used
proxies in studies on CR (17-19, 29, 30). Education
plays a role in the cognitive decline in normal aging, as
well as in degenerative disease or traumatic brain injury.
Nevertheless, it is frequently recognized that higher (or
lower) education levels have an influence on adult lifestyles.
The effect is rather difficult to isolate from other protec-
tive factors such as a successful job, the awareness of
health risks, and the quality of the social environment,
amongst others. The proxy is usually indicated by the
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number of years of education (or, alternatively, the degree
of literacy), in some cases on an ordinal scale and in
others a numerical one.

Several studies have shown that occupation may pro-
vide an additive and independent source of CR through-
out a person’s lifetime (13, 25, 31). The last (or the
longest) job is usually taken into account. Occupation
has a different value according to the cognitive load in-
volved. Perceived prestige and/or salary are also common
indices.

Over and above education level and occupation, epi-
demiological evidence has shown that premorbid en-



gagement in leisure activities may also provide a separate
or synergic increase in CR (22, 23, 32, 33). Intellectual,
social and physical activities are usually considered. Sev-
eral activities have been recorded by means of instruments
applying various types and numbers of items, target pe-
riods and frequencies (23, 28, 34, 35). The rationale be-
hind these studies is that experiences acquired during
adulthood and later can affect reserve.

Intelligence is another frequently used index of CR (9, 22,
23, 36), in which L.Q. or pre-morbid .Q. are the most com-
mon proxies used to estimate CR. Also in this case, the in-
struments used to evaluate 1.Q). are quite heterogeneous.
Some of the most common tests are the Vocabulary Subtest
of the Wechsler Adult Intelligence Scale (WAIS, 37) and the
National Adult Reading Test (NART, 38).

Therefore, even when the same proxies are used, the
procedures and measurement scales are difficult to com-
pare and the various studies are, so far, not always easi-
ly comparable. For the same reasons, use of the CR in
clinical settings is rather difficult.

Our research aimed at standardizing a new proce-
dure to quantify the amount of CR accumulated by indi-
viduals throughout their lifetimes by introducing a new
questionnaire, the Cognitive Reserve Index question-
naire (CRIg), and a new index, the Cognitive Reserve In-
dex (CRI). The relevance and potential use of the CRIq in
both experimental research and clinical practice is dis-
cussed.

METHOD
Participants and data collection

A total of 588 participants, randomly selected from the
general ltalian population (323 women, 55%), were en-
rolled in this study. Their age ranged from 18 to 102
years old (50.21+19.62, women 51.91+20.99 and men
48.13+17.65) and was arbitrarily divided into the fol-
lowing three groups: Young, from 18 to 44 years old
(n=246; 31.52+7.89), Adults, from 45 to 69 (n=212;
54+6.70) and Elderly, from 70 to 102 (n=120;
78.87+6.28). Participants were healthy and without ev-
ident neurological or psychiatric illness; no other specif-
ic exclusion criteria were used. The participants did not re-
ceive any compensation for taking part in the study.

Trained psychologists (all studying for a Master’s de-
gree) administered the CRIq in single individual sessions
lasting about 15 minutes. The CRIq is not anonymous;
however, if participants objected to registering their
names, a fictitious name was generated. All data were col-
lected from September 2009 to June 2010.

Intelligence assessment

As the existence of a correlation between CR and in-
telligence is undoubted, in order to quantify this rela-
tionship, two tests highly correlated with intelligence
were administered: 1) the Vocabulary Test from the

Cognitive Reserve Index questionnaire (CRIq)

WAIS (Italian version, 39); 2) the TIB (Test di Intelligen-
za Breve, 40, English translation: Short test of Intelligence,
a reading test very similar to the NART, 38).

CRIq scale construction

The CRIq includes some demographic data (date and
place of birth, gender, place of residence, nationality, mar-
ital status), and 20 items grouped into three sections, ed-
ucation, working activity, and leisure time, each of which
returns a subscore.

CRI-Education: years of education plus possible train-
ing courses (lasting at least six months); the raw score of
this section is the sum of these two values.

CRI-WorkingActivity: adulthood professions. Five dif-
ferent levels of working activities are available, dealing with
the degree of intellectual involvement and personal re-
sponsibility: unskilled, manual work (e.g., farmer, car
driver, call centre operator); skilled manual work (e.g.,
craftsman, clerk, hairdresser); skilled non-manual or tech-
nical work (e.g., trader, kindergarten teacher, real estate
agent); professional occupation (e.g., lawyer, psychologist,
physician); highly intellectual occupation (e.g., university
professor, judge, top manager). Working activity was
recorded as the number of years in each profession over
the lifespan. The raw score of this section was the result
of years of working activity multiplied by the cognitive lev-
el of job (from one to five), as detailed above.

CRI-LeisureTime: cognitively stimulating occupations
carried out during leisure time (out of working time or
school schedule). Sixteen items were related to various in-
tellectual activities (e.g., reading newspapers or books,
playing music), social activities (participation in charitable
activities, going to a museum, travel) and physical activi-
ties (sports, dancing). The frequency (i.e., never/rare,
ofteryalways) and the number of years (how long each ac-
tivity had been carried out) were recorded. The raw score
of this section was the total number of years of activity for
which frequency was often/always. A score related to the
number of children was also included.

The CRIq questionnaire (Italian, French and English ver-
sions), instructions, and the Excel file for automatic cal-
culation of scores, are available at http://cri.psy.unipd.it.

Computation of CRI

The raw scores of the three sections of the CRIq
were correlated with age by the number of years an ac-
tivity had been carried out (correlation r=-0.56 for edu-
cation; r=0.48 for working activity, r=0.66 for leisure time
activity). In order to rule out this “age effect”, three linear
models were used: the raw scores of the three sections
were set as dependent variables, and age as the inde-
pendent (or predictor) variable (see Fig. 1).

The three CRIq subscores (CRI-Education, CRI-
WorkingActivity, CRI-LeisureTime) were the residuals of
the relative linear models, standardized and transposed to
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a scale with M=100 and SD=15. This allowed all par-
ticipants to be systematically compared with their corre-
sponding age class. Lastly, CRI (total CRIq score) was the
average of the three subscores, again standardized and
transposed to a scale with M=100 and SD=15. The
higher the CRI, the higher the estimated CR. CRI could
be classified into five ordered levels: Low (less than 70),
Medium-low (70-84), Medium (85-114), Medium-high
(115-130) and High (more than 130).

Toward a validation of the CRIq

The CRI-LeisureTime section was progressively sim-
plified and improved by means of the ltem Response The-
ory (41, 42), by either excluding redundant, non-dis-
criminative items or by joining some of them. The actu-
al sixteen items used showed good reliability (0=0.73,
95% CI[0.70, 0.76)).

The majority of elderly Italians did not have more than
five years of education, for social and/or historical reasons.
Therefore, in our database it is not surprising that elderly
people had low CRI-Education but high CRI-WorkingAc-
tivity or high CRI-LeisureTime scores. Instead, at present,
young subjects with Master’s degrees (high CRI-Educa-
tion) may have unskilled jobs (low CRI-WorkingActivity),
due to the current crisis of the job market. Therefore, all
three sections of the questionnaire equally co-occurred to the
CRI (reliability of CRIq 0=0.62, 95% CI [0.56, 0.97]). The
prediction was that, although the three subscores were
all proxies of the same construct (i.e., CR), the correlation
between them would not be very high.
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Because of the lack of standardized questionnaires for es-
timating the CR, a concurrent validation of the CRIq could
not easily be obtained. “Intelligence” is the construct which
is most closely related to the CR (and was thus used as a
predictive proxy in some studies). However, the CRI and IQ
are not equivalent to each other. Thus, a perfect correlation
between them is neither expected, nor desirable. In our
sample, the correlation between CRI and two tests con-
sidered as being highly correlated with intelligence (Vo-
cabulary tests from WAIS and TIB) was around 0.45.

RESULTS

Statistical analyses are organized into three sections:
Frequencies, Correlations, ANOVAs.

Frequencies

Some main descriptive features from the data collect-
ed (588 participants) are reported, in order to shape
the whole database. The raw CRI-Education score
(12.28+5.34) showed frequency peaks around 5, 8, 13
and 18 years of school, easily linked to Italian levels of ed-
ucation. As predicted, Elderly showed a lower level of ed-
ucation than Adults and Young (7.33+4.17, 11.98+4.93
and 15.15+4.11, respectively). Women also showed a
lower level of education than men (11.58+5.30 and
13.13+5.28, respectively).

In CRI-WorkingActivity, low skilled manual work was
the most frequently recorded activity (33%), followed by
skilled manual work, professional occupation and skilled
non-manual work (20%, 18% and 15%, respectively). On-
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Table 2 - Percentages of types of working activity according to cognitive resources involved.

Total Females Males Young Adults Elderly
n=588 n=323 n=265 n=246 n=212 n=130

Never employed 13% 16% 9% 24% 1% 11%
Low skilled manual work: agricultural worker, waiter, driver, 33% 37% 28% 26% 35% 45%
mechanic, plumber, call centre operator, etc.

Skilled manual work: craftsman, clerk, cook, shop assistant, 20% 15% 27% 18% 23% 21%
tailor, nurse, professional soldier, barber/haidresser, ect.

Skilled non manual work: shopkeeper, white-collar worker, 15% 15% 15% 15% 17% 12%
priest or monk-nun, sales representative, estate agent, musician, etc.

Professional occupation: CEO of a small company, lawyer, 18% 16% 20% 17% 23% 10%
physician, psychologist, engineer, teacher, etc.

Highly responsible or intellectual occupation: CEO of large 1% 0% 2% 0% 1% 1%

company, politician, university professor, judge, surgeon, etc.

ly 1% of the sample had a highly responsible or intellec- pendence between the main variables involved in CRlg.
tual occupation; 13% had been never employed. The fre- The CRI showed a satisfactory correlation with the
quencies of various working activities across gender and three subscores, CRI-Education, CRI-WorkingActivity
age are listed in Table 2. and CRI-LeisureTime: r=0.77, r=0.78 and r=0.72, re-

CRI-LeisureTime showed Housework and Driving as spectively! (see Fig. 2). As predicted, the correlation be-
the most frequently recorded activities (12%). The least tween the subscores was not high: CRI-Education and
were Going to the cinema/theatre, and Charitable or artis- CRI-WorkingActivity were r=0.44; CRI-Education and
tic activities (about 2%). Table 3 lists the frequencies CRI-LeisureTime were 1=0.30; CRI-WorkingActivity

across gender and age. and CRI-LeisureTime were r=0.32. The first was sig-

nificantly higher than the other two (z=2.78, p<0.01 and

Correlations z=2.40, p<0.01, respectively, with the formula recom-
Results for Pearson’s correlations and the Fisher test mended by Cohen et al., 43).

are reported here, in order to show the degree of de- Differences across Gender were minimal, except for the

Table 3 - Percentages of types of activities carried out during leisure time.

Total Women Men Young Adults Elderly

n=588 n=323 n=265 n=246 n=212 n=130
Reading newspapers and magazines 11% 10% 11% 7% 10% 14%
Housework (cooking, washing, ironing, etc.) 12% 18% 5% 9% 11% 16%
Driving (not biking) 12% 9% 16% 13% 14% 8%
Leisure activities (sports, hunting, dancing, cards, bowling, etc.) 4% 1% 6% 1% 4% 5%
Using new technologies (digital camera, computer, internet, etc.) 5% 1% 6% 1% 4% 1%
Social activities (parties/going out with friends, 8% 7% 9% 11% 8% 6%
local community events, etc.)
Cinema or theatre 2% 3% 2% 3% 2% 2%
Gardening, handicraft, knitting, etc. 9% 10% 7% 3% 8% 13%
Taking care of children or elderly 3% 4% 2% 2% 3% 4%
Volunteering 2% 2% 1% 2% 1% 1%
Artistic activities (playing an instrument, painting, writing, etc.) 2% 2% 2% 3% 2% 2%
Exhibitions, concerts, conferences 4% 3% 4% 4% 1% 2%
Holidays 3% 2% 4% 5% 3% 2%
Reading books 7% 8% 6% 8% 8% 7%
Pet care 5% 6% 5% 5% 5% 5%
Managing one’s bank account(s) 12% 10% 14% 11% 12% 12%

Following Fisher transformation, in a sample of 588 individuals, all Pearson's correlations greater than 0.107 were significantly different from 0, p<0.01.
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correlation between CRI and CRI-LeisureTime: women
showed a higher correlation than men (r,,.,=0.76;
1,,,,=0.68; z=2.85, p<0.01). As expected, the correlation
between CRI and CRI-Education was significantly lower
for the Elderly (r,y.4,=0.76) with respect to the Young and
Adults (ry5,0=0.81, r,4,,=0.83; z=2.23, p<0.05 and
z=3.28 8 01, respectively). The correlation between
CRI and CRI WorkmgActwrty was significantly the low-
est for Young (ryong=0.67, 1,4,:=0.80, tg400y=0.74;
z=4.92, p<0.01 and z=2.38, p<0.01, respectively).
Adults also showed the s1gn1f1cantly lowest correlation be-
tween CRI and CRI-LeisureTime (r,4,=0.62, 1,0,,;=0.75,
Todery=0-75; z=4.24, p<0.01 for both).

"l‘de two 1ntelhgence tests used in this study (Vocabulary tests
of WAIS and TIB, number of errors) were only moderately cor-
related with the CRI (r=0.42 and r=-0.45, respectively).
Among the three sections of the CRIg, as expected, the
highest correlation with the two intelligence tests was with CRF-
Education (r=0.44 and r=-0.43, respectively); CRI-
WorkingActivity (r=0.29 and r=-0.28) and CRI-Leisure-
Time (r=0.22 and r=-0.32) were slightly less correlated.

ANOVAs

Four ANOVA tests were performed, in order to verify
the effects of Age and Gender on the CRI and CRI sub-
scores (Fig. 3, Table 4). A few post-hoc analyses were per-
formed with the t-test. Type I error control was not pro-
vided, owing to the small number of tests.
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Gender and Age significantly affected the CRI. Men
had a higher CRI than women (101.53 vs 98.75,

Fi1 582=5.56, p=0.02) and age also turned out to be a
s1gn1f1cant factor (Young 97.57, Adults 106.22, Elderly
94.45, Fp 552=32.08, p<0. 01) Post-hoc analyses re-
veeled the h1ghest CRIin Adult (Young vs Adults ty5¢=-7.27,
p<0.01; Young vs Elderly t574=2.13, p=0.03 and Adults
s Elderly ti340=6.32, p<0. 01) No effect emerged from the
Age- Gender interaction (Fy 55=0.98, p=0.37).

For the CRI-Education subscore Gender was the on-
ly significant factor, men exceed1ng women (101.42 vs
98.82, F(1 582=4.40, p=0.03) whereas Age groups and
Age- Gender 1nteract1ons did not reach significance (Young
99.41, Adults 101.74 and Elderly 98.26, Fy 50=2.02,
p=0. 13 and F2 582=0.22, p=0.79 respect1vely)

ANOVA on the subscore CRI-WorkingActivity showed
Gender and Age as significant factors. Men exceeded
women (103.09 vs 97.46, F; 559=24.65, p<0.01) and
the three Age groups were also s1gn1f1cant (Young 97.24,
Adults 107.00, Elderly 93.79, F; 539=41.54, p<0.01).
A post-hoc analys1s revealed a s1gn1l)1cant d1fference in
CRI-WorkingActivity across the three Age groups, CRI-
WorkingActivity in the Adult group being highest (Young
vs Adults: t56=-8.82; p<0.01; Young vs Elderly:

ta74=2.41, p=0.02; Adults vs Elderly t(340=6.85;

p<0.01). Age and Gender showed a s1gn1f1cant 1nteract1on
(Fi2.589=7.84, p<0.01).

Lastly, Age was the only significant main effect on CRI-
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LeisureTime (Young 97.84, Adults 105.34, Elderly
95.36, Fj 59=25.85, p<0.01). Post-hoc analyses
showed Adults had the highest CRI-LeisureTime with re-
spect to Young and Elderly groups, which did not differ
(Young vs Adults: t456=7.04, p<0.01; Adults vs Elderly:
t340=5.06; p<0.01, Young vs Elderly: t3,4=1.57,
p=0.11). No significant difference was found in Gender
(men 98.93 vs women 100.87, F; 559=2.66, p=0.10).

DISCUSSION

This study proposes a new questionnaire, the CRlq, to
collect and quantify the amount of CR acquired during a
person’s lifetime. In a single index, the CRIq conveys
three main sources of CR: education, working activity
and leisure time activities. Each of these aspects of an in-
dividual’s lifetime is recorded as a subscore. The CRIq cal-
culates each activity according to the number of years and
frequency of practice. Thus, the raw score increases

throughout an entire lifespan, as Stern stated “CR is not
fixed; at any point in one’s lifetime it results from a com-
bination of exposures” (2, p. 2017). However, by means
of a linear model, the three subscores and the final CRIq
score discards age, allowing comparisons across groups.

The data collected for 588 Italian participants indicated
that all three sections of the CRIq gathered distinct and
non-redundant information on individual lifestyles (cor-
relations between subscores were not high and ranged be-
tween r=0.30 and r=0.44). The ltalian population divid-
ed by age and gender showed several interpretable fea-
tures. The lowest correlation, between CRI and CRI-Ed-
ucation, was found in the Elderly group. As already re-
ported, elderly Italians generally only attended a few
years of school (particularly women) for historical and so-
cial reasons. Instead, the lowest correlation between CRI
and CRI-WorkingActivity was found in the Young group
probably because most young people were not yet work-

Table 4 - Means and standard deviations of CRI and sub-indices across gender and age.

Age n CRI CRI-Education CRI-WorkingActivity  CRI-LeisureTime
TOTAL 18-102 588 100 (15) 100 (15) 100 (15) 100 (15)
Young (18-44) 118 98.63 (10.53) 101.09 (14.87) 97.88 (7.73) 97.92 (7.63)
Men Adults (45-69) 107 106.19 (14.92) 102.71 (16.25) 108.81 (15.36) 102.48 (13.00)
Elderly (70-102) 40 97.60 (16.81) 98.99 (13.17) 103.15 (19.82) 92.42 (19.75)
Total Men 20-90 265 101.52 (13.97) 101.43 (15.20) 103.09 (14.30) 98.093 (12.78)
Young (18-44) 128 96.60 (8.95) 97.88 (12.59) 96.65 (6.93) 97.77 (8.34)
Women Adults (45-69) 105 106.25 (15.96) 100.75 (16.81) 105.15 (15.38) 108.25 (15.00)
Elderly (70-102) 90 93.05 (19.36) 97.94 (14.98) 89.64 (18.64) 96.67 (23.12)
Total Women 18-102 323 98.75 (15.71) 98.83 (14.75) 97.46 (15.10) 100.87 (16.57)
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ing or had not reached top positions. Interestingly, the on-
ly correlation in which women overtook men was in
CRI-LeisureTime, in which several items (e.g., housework,
caring for grandchildren or elderly people) pertained
specifically to women. This balanced the fact that CRI-
WorkingActivity did not include housewife as a profes-
sion. Men had a higher CRI than women, because of dif-
ferential involvement in work, low for women in the El-
derly group. Instead Adults had the highest CRI, both CRI-
WorkingActivity and CRI-LeisureTime.

CR and intelligence are undoubtedly related, and their
measures are therefore correlated. Nevertheless, CR and
intelligence are distinct. Wechsler (44) defined intelli-
gence as “the aggregate or global capacity of the individual
to act purposefully, to think rationally, and to deal effec-
tively with his environment”. Sternberg (45) stated that in-
telligence is a “goal-directed adaptive behavior”. Thus, the
focus of intelligence is on acting and behaviour, in other
words, on intellectual performance. Instead, CR is a con-
struct based on the idea of the storage of resources: the
potential cognitive capabilities acquired throughout life.
This clear-cut difference is reflected in their measure-
ment. Whereas 1.Q. is a measure of performance, CRI is
not. For this reason, we chose to exclude 1.QQ. as a CR
proxy, despite its undisputed correlation. We postulated
that CR and intelligence are two distinct constructs and
our results (correlation r=0.44) sustain our assumption.
Obviously, as expected, the highest correlation between
1.Q. and the CRI subscores of our sample was found
with CRI-Education.

The specific results obtained from our sample indicate
that CRIq is an efficient and reliable tool for measuring
CR. In particular, it is short and easy to administer,
and thus can easily be included in standard assessments
without too much effort for the subject in terms of both
time and cognitive resources. It also overcomes the
major limitations found in studies estimating CR. The
three proxies of the CRIq have already been used in oth-
er studies (23, 28), but they were usually combined in
couples or used with premorbid 1.Q. (see Table 1). In a
recent paper from a broad systematic review of CR in-
dicators, Jones et al. (46) confirmed education, occu-
pation and leisure activities as the most frequently used
proxies of CR. The CRIq considers activities carried
out throughout adulthood (from the age of 18) (32,
28), whereas others gathered information exclusively
from current lifestyles or the past six months (22, 47).
The CRIq also takes into account not only the number of
years during which the activities were carried out, but al-
so their frequency. Unlike other instruments which on-
ly measure activities late in life (28, 34), the CRIq can be
administered at any age. Lastly, since the measurement
of CR is not one of performance, a significant and in-
teresting feature of CRlIq is that it can also be adminis-
tered to relatives or close friends, if an individual cannot
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be interviewed for any reason (e.g., brain impairment,
aphasia, coma, dementia, etc.). Above all, the CRIq
provides a standardized and psychometrically controlled
measure of cognitive reserve, allowing its extensive em-
ployment in both experimental research and clinical
practice.

In fundamental research, the CRIq represents a single
index to compare data and results from different studies.
All investigations evaluating cognitive abilities could ben-
efit from it in place of education only, in order to assess
individual performance better. The CRIq may also be
used to validate new psychometric tests (only age and ed-
ucation are usually considered).

In clinical settings, the CRIq could be used to diagnose
senile dementia, comparing CRI and cognitive perfor-
mance. In subjects with high CRI scores, the richness of
neuronal synaptic tissue and its plasticity acts as a reserve,
compensating for the atrophy of grey matter and cover-
ing clinical pathological signs (2). Thus, poor perfor-
mance on cognitive tests, but still within the normal
range, must be considered suspect in cases of a high CRI.
Conversely, poor performance combined with a low CRI
is expected. The CRIq could also enable psychologists to
gain a more complete image of their patients and their
lifestyles, including information from standard assess-
ments which usually depend on the clinician’s experience.

The Cognitive Reserve hypothesis assumes that the
fuller the life a person has had in terms of intellect, abil-
ities and experiences, the more that person will be able to
cope with difficult cognitive tasks and social events in life.
The CRIq is the tool to quantify this cognitive, social, cul-
tural and human capital.
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