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ABSTRACT
Background: Many variables affect outcome after brain injury. Cognitive reserve (CR) is a subject-
ive factor that reflects a set of personal characteristics and that differentiates individuals. It may
influence an individual’s capacity to react to brain injury.
Objective: To study the effects of cognitive reserve on functional and cognitive outcome at the
end of rehabilitation, in patients with severe acquired brain injury (sABI), by means of the
Cognitive Reserve Index questionnaire (CRIq).
Methods: We report a retrospective study of a continuous series of sABI patients on first admis-
sion to a rehabilitation center. Disability and cognitive outcomes were recorded.
Results: In the 94 patients enrolled, the assessments after rehabilitation showed a significant gain
measured with the disability Rating Scale for patients with a higher CR (CRIq� 85). A significant
negative correlation was found: between CRIq scores and the interval elapsing before first access
to neuropsychological assessment, between CRIq scores, especially level of education, and tests
that measure the same domain (attention).
Conclusions: Improvements in overall and cognitive disability emerged, but CR did not seem to
substantially influence outcome in this sample of patients. This result may be partly due to the
clinical severity of the population studied and the sample’s dimension, although quantitatively
representative of the population.
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Introduction

The term severe acquired brain injury (sABI) includes a var-
iety of acute brain lesions of traumatic and non-traumatic
origin (tumours, anoxia, brain hemorrhage and ischemia,
infections and toxic-metabolic encephalopathy), character-
ized by onset of variably prolonged coma (Glasgow Coma
Scale <¼8) and simultaneous motor, sensory, cognitive
and/or behavioral impairment (De Tanti et al., 2015).
According to the International Classification of Functioning
Disability and Health (ICF, OMS WHO, 2001, 2002; Lexell
& Brogårdh, 2015), patients with sABI often have a variety
of neuromotor and cognitive sequelae that influence their
participation in daily activities. However, individuals with
organic damage of the same severity often have very differ-
ent functional outcomes (McHugh et al., 2010; Nichol et al.,
2011) and prediction models are difficult to apply in clinical
practice (Greicius et al., 2009). To explain differences in out-
come, many studies have analyzed a number of possible
prognostic factors in patients with sABI. Briefly, these fac-
tors can be classified as objective and subjective, where
objective means data on the lesions, and subjective means
personal characteristics. Among objective variables, etiology

(Avesani et al., 2018), severity (Harvey, 2015), site and
dimension of organic damage (Baker et al., 2019), duration
of the state of altered consciousness and sequelae derived
from the lesion (Allanson et al., 2017) have been investi-
gated in previous studies. New and emerging genetic and
biomarker predictors (Bagnato et al., 2020), as well as high
resolution magnetic resonance imaging predictors are being
defined (Maas et al., 2005). Among predictive subjective var-
iables, age at onset (Hukkelhoven et al., 2003), psychological
characteristics before the event and sociodemographic
aspects (Hoofien et al., 2002; Seagly et al., 2018), such as
education (Van der Naalt et al., 2017), have been examined
in the literature.

The concept of Reserve (R) was introduced in order to
clarify what differences determine dissimilar functional out-
comes in persons who suffered similar brain damage. R is
therefore a set of personal characteristics prior to a cognitive
disease, that differentiate individuals and that could influ-
ence outcome (Stern, 2002; Mathias & Wheaton, 2015). At a
theoretical level, researchers have divided R into passive and
active (Katzman, 1993; Stern, 2002). The model of passive
reserve states that individuals have a capacity that defines to
what extent an insult (due to pathology or age) can be
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sustained before causing impairment of function. This con-
cept is in line with a quantitative model of passive brain
reserve in terms of neurons and synapses, known also as
Brain Reserve (Katzman et al., 1988), according to which
overall performance is better in individuals with a larger
brain mass. This model is sustained by studies showing a
lower incidence of dementia in individuals with higher brain
mass (Mathias & Wheaton, 2015; Sol�e-Padull�es et al., 2009;
Stern, 2002, 2009), identifying this condition as a protective
factor against brain disease. In contrast to this view, the
active reserve model takes a more dynamic and less quanti-
tative perspective, in which R is correlated with the extent
to which an individual uses the resources available to him.
It is a model in which the brain reacts actively to damage,
exploiting previously learned cognitive processes or utilizing
compensating approaches (Mathias & Wheaton, 2015).
Thus, individuals with a quantitatively lower passive R
might use their resources more efficiently than individuals
with a larger passive R; this model takes the name of
Cognitive Reserve, CR (Barulli & Stern, 2013; Sol�e-Padull�es
et al., 2009; Stern, 2002, 2009; Tucker-Drob et al., 2009).
Although there is no clear distinction between the effects of
Brain Reserve and Cognitive Reserve, Stern suggests that
there is a close correlation between number of neurons and
good use of brain areas in subjects with higher CR
(Stern, 2009).

The role of CR has been studied in various diseases, such
as dementia (Roe et al., 2010; Soldan et al., 2018; Stern
et al., 2018), multiple sclerosis (Fuchs et al., 2019),
Parkinson’s disease (Lee et al., 2019), epilepsy (Giovagnoli,
2019), head trauma (Bigler & Stern, 2015) and stroke (Gil-
Pag�es et al., 2019; Nunnari et al, 2014). With regard to
severe acquired brain injury, recent research suggests that
cognitive capacities have a greater influence on functional
outcomes than the structural variables described above
(Medaglia et al., 2015). In sABI patients, the role of CR has
been evaluated by means of indirect subjective indicators,
such as education level and intelligence quotient prior to the
event, and by indirect objective indicators, such as brain
size, biomarkers and neuroimaging parameters (Medaglia
et al., 2017). In a retrospective study, Schneider et al. (2014)
found that the education level of subjects with TBI was cor-
related with overall long-term functional outcome in terms
of disability. In a review, Nunnari et al. (2014) state that
stroke patients with a higher level of education showed a
better outcome in neurocognitive tests, whereas patients
with TBI and a higher intelligence quotient before the event
showed a correlation with better post-lesional outcomes.
Moreover, the results of a study by Kesler et al. (2003) sug-
gest that larger brain volumes before the event and higher
education levels can reduce vulnerability to cognitive deficits
following head trauma. Finally, recent studies suggest that
CR may influence motor outcome in stroke patients and
that it plays a protective role after brain damage (Krch
et al., 2019; Padua et al., 2020; Umarova et al., 2019).
However, there is little evidence to explain the role of CR in
the link between organic damage, clinical sequelae and func-
tional outcome in sABI patients. To our knowledge, there

have been no studies that frame CR in terms of psychosocial
factors before the event (such as occupation or social activ-
ities and hobbies), using a validated tool in sABI patients.

The aim of the present study was to assess the correlation
between CR, measured by means of the Cognitive Reserve
Index questionnaire, CRIq (Nucci et al., 2012), and its sub-
indices and functional results recorded in sABI patients
admitted to a center specialized in intensive rehabilitation
after acute events. Since it is useful and often essential know
the main factors affecting functional recovery of patients
with acquired brain injury in order to design personalized
rehabilitation, another aim of this study is to evaluate the
relation between CR and cognitive outcome in a population
of patients undergoing neuropsychological rehabilitation.

Materials and methods

Study design

This is a retrospective study of a continuous series of sABI
patients on first admission to our rehabilitation center.

Inclusion criteria

First admission to a rehabilitation center after an acute
neurological event that caused altered state of consciousness
with a Glasgow Coma Scale (GCS) score �8 (Teasdale &
Jennett, 1974) for more than 24 h, no neurological or psychi-
atric history before the event, total independence in all
basic activities of daily living (bADL) before the event,
native speakers of Italian, age between 18 and 70 years
on admission.

Exclusion criteria

Absence of caregiver to answer the CRIq, interruption of
stay in the center due to transfer to another unit for more
than 20 days.

Objectives

Primary endpoints: identification of a correlation between
CR (CRIq score) and functional outcomes after sABI.

Secondary endpoints: evaluation of any correlation
between Cognitive Reserve Index (measured by CRIq) and
cognitive outcome (measured by specific neuropsychological
tests) of sABI patients undergoing cognitive rehabilitation.

Study protocol

The study protocol includes collecting the following data:

� demographic data and medical history;
� main event data: data on the acute event, etiology, coma

(GCS at onset), primary brain damage;
� clinical data on admission with evaluation of: secondary

damage, structures, functions (support for basic vital
functions, motor impairment), cognitive impairment,
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state of consciousness (Level of Cognitive Functioning
scale, LCF, Lexell & Brogårdh, 2015; Sherer et al., 2002),
activity and participation (Disability Rating Scale, DRS,
Rappaport et al., 1982 and modified Barthel Index, mBI,
Shah et al., 1989; Mahoney & Barthel, 1965);

� neuropsychological assessment: specific tests are used to
investigate the principal cognitive domains (attention,
learning and memory, executive functions) in patients
with a sufficient LCF (see below).

Brief description of the tests used:

� Visual Search (Della Sala et al., 1992) is a visual scanning
test that evaluates the capacity for focused attention and
exploration speed;

� Trail Making Test (TMT) (Giovagnoli et al. 1996) is a
test of visual attention and task switching, including vis-
ual motor coordination, execution speed and cognitive
flexibility;

� Digit span forward and backward (Monaco et al., 2013)
is a measure of short-term verbal memory. The backward
version includes evaluation of working memory;

� Corsi span forward and backward (Monaco et al., 2013)
is a test to evaluate short-term spatial memory. The
backward version includes evaluation of work-
ing memory;

� Corsi supraspan (Capitani et al., 1991) examines visual
spatial learning of new information;

� Rey auditory verbal learning test (Carlesimo et al., 1996)
evaluates verbal learning capacity and spontaneous long-
term recall;

� Cognitive Estimation Test (Della Sala et al., 2003) evalu-
ates capacity for cognitive estimation based on logical
reasoning, research and critical comparison of previously
acquired general knowledge;

� Raven’s Matrices test (Caffarra et al., 2003) evaluates
logical and operative reasoning ability.

All scores were normalized for age, sex and education
level according to the authors’ guidelines.

� CRIq data (Nucci et al., 2012) regarding the patient’s
state before the event, obtained by administering the
Cognitive Reserve Index questionnaire (CRIq) to the
caregiver. CRIq is a semi-structured interview addressed
to a family member who knows detailed patient history.
It is a standardized assessment that quantifies cognitive
reserve through information regarding the individual’s
entire adult life. It consists of three parts: CRI-Education
(CRI-E: level of education; the raw score is the sum of
years of schooling and years of extra-scholastic training),
CRI-WorkingActivity (CRI-WA: years worked at distinct
levels of occupation based on the cognitive input
required and level of responsibility; the raw score is the
number of years worked in proportion to the cognitive
commitment that each occupation requires), and CRI-
LeisureTime (CRI-LT: all activities normally done during
a person’s free time; the raw score is the sum of the years

passed in leisure-time activities in proportion to the fre-
quency of the activities). Each sub-index and the total
CRIq score are correlated with age and expressed on
scale where the mean is 100 and the SD is 15. The ques-
tionnaire has been part of the center’s usual assessment
protocol starting from January 1, 2016 and is adminis-
tered to a family member in the first two weeks from
the admission.

Procedure

� All patients admitted to our center between January 1,
2016 and December 31, 2017, who met the inclusion/
exclusion criteria, were enrolled in the study. The evalu-
ation and treatment procedure followed in our rehabilita-
tion center envisages recording the descriptive data listed
in the above assessment protocol on admission (T1). On
the basis of initial LCF score (T1), patients were divided
into two groups (Figure 1):

� Group 1 with LCF � 6 (G1): patients in this group
underwent formal neuropsychological (NPS) assessment
in our neuropsychology unit on admission (T1). They
then underwent a personalized cognitive rehabilitation
program. Before discharge (T2), a follow-up NPS test
was performed, administering the LCF, DRS and
mBI scales.

� Group 2 with LCF <6 (G2): patients in the second group
only did the basic LCF, DRS and mBI tests on admission
and at discharge (T1 and T2), since cognitive impairment
did not allow access to formal NPS assessment.

The LCF scale periodically administrated, was used to sub-
mit patients, who at any time during admission reached a
score of 6, to a formal NPS assessment.

Statistical analysis

All statistical analysis was performed with the SPSS v.23
(IBM Corp.) statistical package and/or with the R version
3.6.2 open source statistical system and the many additional
CRAN packages (Comprehensive R Archive Network;
cran.r-project.org). Continuous quantitative variables were
described by their trends, dispersion and form. We calcu-
lated arithmetic mean, 5% trimmed mean, median, mode,
variance, standard deviation, standard error, quartiles, inter-
quartile interval, slope, kurtosis, minimum and maximum.
Where pertinent, 95% confidence intervals were also
recorded. Categorical data was reported in frequency tables
and expressed as absolute, relative and cumulative frequen-
cies and percentages. Bivariate correlations between continu-
ous and ordinal variables were tested by the Pearson r and
Spearman rho coefficients of correlation.

Linear regression was used to study the relation between
result predictors and variables. Differences in repeated meas-
ures (T1, T2) of quantitative data between groups were tested
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by the Wilcoxon rank test, whereas differences between inde-
pendent groups were investigated by the Mann-Whitney and
Kruskal-Wallis tests. Pearson’s Pear2 and the Fisher exact test
were used to evaluate the association between categorical vari-
ables in contingency tables. p< 0.05 was taken to indicate a
statistically significant difference.

Results

General sample data

We enrolled 94 patients: 69 males, 25 females, mean age
46.24 years (SD ¼ 15.72 years), data shown in Table 1. A
majority of patients (n¼ 41) had vascular etiology (ischemia
and hemorrhage), followed by TBI (n¼ 38) and anoxic dam-
age (n¼ 15). The prevalence of males was more evident
among victims of traumatic brain injury TBI (30 males, 8
females) by 3:1. The mean age of these patients was less

than that of patients with other etiologies (36 ± 15 years,
mean ± SD). Regarding the severity of disorders of con-
sciousness (DoC) and cognitive level, Table 2 shows LCF
values on admission in relation to the origin of injury.

Onset-Admission interval (OAI) and basic scales

Mean OAI, i.e. the interval between the event and admission
to rehabilitation, was 77 days (SD ¼ 8.55 days). There was
an inverse relation between OAI and change in LCF, i.e.
delta LCF (LCF T2-LCF T1) increased with decreasing OAI.
The same pattern was observed for mBI and DRS, namely
DRS decreased with increasing OAI (Table 3).

Primary endpoint results
Quantification of residual disability. With regard to residual
disability measured with the basic scales, 94.7% of patients

Figure 1. Inclusion Flow Diagram (until December 31, 2017).
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showed disability on admission with total dependence meas-
ured by mBI, whereas only 51% maintained the same level
of disability at discharge. DRS showed extremely severe
mean disability of the population on admission (i.e. mean
score 17–21), including cases of vegetative state, whereas at
discharge the mean disability category was severe (i.e. mean
score 12–16).

The whole sample showed a significant improvement in
motor performance measured with disability scales (mBI
and DRS) between admission and discharge (Table 1).

CRIq scores. Our sample showed a mean CRIq score of
99.80 (SD ¼ 14.105); for mean scores of the sub-indices, see
Table 1.

Relation between CR and functional outcome. No statistic-
ally significant correlation was found between CR before the

event, measured by CRIq, and gain obtained with regard to
disability, except for a borderline significant correlation
between mBI and CRI-WA gain (n¼ 89) and mBI and CRI-
LT gain (n¼ 89) (Table 4).

In order to verify an effect on clinical improvement of
patients with high cognitive reserve, the sample was divided
into patients above and below a CRI cutoff of 84 (total
CRIq > 84, n¼ 81), the mean score of CRIq, also chosen by
the authors of the test (Nucci et al., 2012).

Thus stratified, the sample was studied in relation to the
trend of the basic scales. The sample was also divided
dichotomously according to disability measured by DRS
(DRS >16: extremely severe disability and DRS �16: severe
disability) as shown in Table 5.

At discharge, there was a significant gain in DRS score
for patients with CRIq �85 before the event (35/40 who
improved in terms of disability showed high CR scores). For
patients with CR <85 it was not possible to define a statis-
tical significance due to small sample size (n¼ 10). With
stratification by DRS, a significant gain was evident in the
vascular etiology and TBI group, whereas the gain was not
significant in the anoxic damage group (Table 5).

When disability was measured and stratified according to
mBI, no relation with CRIq scores �85 seemed to emerge.

On assessment of LCF, we had a total of ten subjects
with CRIq <85 and LCF <6 at T1, and six subjects with
LCF <6 at T2, sample numbers too small to look for
correlations.

OAI and correlations with CRIq and cognitive outcomes. A
significant correlation was found between OAI and CRIq
(p¼ 0.019). Regarding the relation between OAI and NPS
testing, an inverse proportional relationship was found
between OAI and part B of the Trail making test (TMT-B):
the earlier rehabilitation starts, the greater the gain in part B
of TMT (n¼ 13, p¼ 0.013). 9 of these 13 subjects (23.7% of
the total sample) had TBI, three had cerebrovascular damage
(7.31%) and one had a neoplastic lesion (category “other”).

Secondary endpoint results

General considerations on cognitive rehabilitation
45 patients underwent cognitive rehabilitation (Figure 1):
mean length of stay was 218 days (SD ¼ 119.36 days) and
mean duration of treatment was 109.7 days (SD ¼ 63 days).
It was not possible to detect any association between total
CRIq scores and recovery time (length of stay). A significant
negative correlation was found between CRIq scores and
time to achieve criteria for access to neuropsychological

Table 3. OAI and correlations with CRIq and changes (delta) in disabil-
ity scores.

OAI CRI-q D_LCF D_DRS D_mBI

OAI Pearson r 1 0.246� �0.359�� 0.391�� �0.356��
p-Value 0.019 <.001 <.001 <.001
N 94 91 94 91 92

��Correlation significant at 0.01 level (2-tailed).�Correlation significant at 0.05 level (2-tailed).
OAI: Onset-Admission Interval; D: Delta score.

Table 2. Cognitive functioning at admission (LCF T1) and Etiology.

Etiology

1 2 3 4 5 Total

LCF T1 1 Count 0 1 0 1 0 2
% 0.0% 50.0% 0.0% 50.0% 0.0% 100.0%

2 Count 1 11 13 6 0 31
% 3.2% 35.5% 41.9% 19.4% 0.0% 100.0%

3 Count 2 16 13 1 0 32
% 6.3% 50.0% 40.6% 3.1% 0.0% 100.0%

4 Count 0 1 5 3 0 9
% 0.0% 11.1% 55.6% 33.3% 0.0% 100.0%

5 Count 2 2 3 1 1 9
% 22.2% 22.2% 33.3% 11.1% 11.1% 100.0%

6 Count 2 2 2 2 0 8
% 25.0% 25.0% 25.0% 25.0% 0.0% 100.0%

7 Count 1 0 2 0 0 3
% 33.3% 0.0% 66.7% 0.0% 0.0% 100.0%

Total Count 8 33 38 14 1 94
% 8.5% 35.1% 40.4% 14.9% 1.1% 100.0%

Etiology: 1¼ ischemic brain damage; 2¼ haemorrhagic brain damage;
3¼ traumatic brain injury; 4¼ anoxic brain damage; 5¼ other etiologies.

Table 1. Characteristics of sABI population at admission (T1) and dis-
charge (T2).

Etiology Cerebrovascular disease (n) 41 (F 13–M 28)
Traumatic Brain Injury (n) 38 (F 8–M 30)
Anoxic Damage (n) 15 (F 4–M 11)

Age Mean (SD)—years 46.24 (15.72)
LoS Mean (SD)—days 218.01 (119.36)
OAI Mean (SD)—days 77 (8.55)
LCF Mean T1 3.3 (1.45)

Mean T2 5.14 (1.97)
T2–T1 1.84 (1.64)
p-Value <0.001

mBI Mean T1 (SD) 4.6 (15.46)
Mean T2 (SD) 39.7 (40.35)
T2–T1 34.9 (37.84)
p-value <0.001

DRS Mean T1 (SD) 20.3 (4.76)
Mean T2 (SD) 13.4 (7.56)
T2–T1 �7.01 (6.69)
p-Value <0.001

CRIq Mean (SD) 99.80 (14.105)
CRI-E Mean (SD) 97.18 (13.28)
CRI-WA Mean (SD) 101.80 (13.63)
CRI-LT Mean (SD) 100.43 (12.17)

F: Female; M: Male; SD: Standard Deviation; LoS: Length of Stay; OAI: Onset-
Admission Interval; CRIq: Cognitive Reserve Index questionnaire; -E:
Education; -WA: Working Activity; -LT: Leisure Time.
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assessment (measured as the interval between admission to
the rehabilitation center and the first NPS assessment), as
shown in Table 6.

Effect of level of education
Regarding education level as a significant factor of cognitive
reserve (Nucci, 2012), 35% of our sample completed 13 years
of schooling, 12.8% 8 years and 10.6% 11 years. Only 7%
completed more than 18 years of education. No relation was

found between the number of years of schooling completed
and the change in LCF (T2–T1) or the change in mBI. 83%
of the sample did not frequent any additional courses
beyond schooling (as assessed by CRI-School), 6.4% did one
course (lasting at least 6months) and 4.5% did more than
one course lasting more than 6months.

We considered the variable “years of education com-
pleted” (of CRIq Education) because it was more complete
than the other components of the sub-scale (years fre-
quented and courses). This component was compared with
changes in the scores of NPS tests to identify a possible
effect of education on score gains. A significant gain was
only evident between years completed and TMT-A, however
the sample was small (n¼ 8) (Table 7). This correlation per-
sisted even ignoring the initial value of TMT-A at T1.

In the neuropsychological assessments, some tests showed
a significant improvement in performance after cognitive
rehabilitation (from T1 to T2), as shown in Table 8.
Regarding the correlation between CRIq or its sub-indices
and cognitive performance measured by NPS tests, signifi-
cant differences were found between CRIq and TMT-A and
CRI-WA and TMT-A (Pearson 0.009), but sample size was

Table 4. Correlations between CRIq subindex and disability scale delta scores.

CRI-q CRI-E CRI-WA CRI-LT Delta_LCF Delta_DRS Delta_mBI

CRI-q
Pearson r 1 .764�� .817�� .774�� �.016 .105 �.147
p-Value <.001 <.001 <.001 .883 .329 .170
N 91 81 81 81 91 89 89

CRI-E
Pearson r .764�� 1 .525�� .459�� .012 .139 �.131
p-Value <.001 <.001 <.001 .910 .195 .221
N 81 91 91 91 91 89 89

CRI-WA
Pearson r .817�� .525�� 1 .476�� �.031 .014 �.049
p-Value <.001 <.001 <.001 .767 .898 .647
N 81 91 91 91 91 89 89

CRI-LT
Pearson r .774�� .459�� .476�� 1 �.023 .117 .211�
p-Value <.001 <.001 <.001 .828 .277 .047
N 81 91 91 91 91 89 89

��Correlation significant at 0.01 level (2-tailed).�Correlation significant at 0.05 level (2-tailed).
CRI-E: CRI Education; CRI-WA: CRI Working Activity; CRI-LT: CRI Leisure Time.

Table 5. CRIq distribution with DRS stratification in T1 and T2 and etiology.

DRS T2
McNemar test

CRIq <¼16 >16 Total p-Value

<85 DRS T1 >16 5 5 10
Total Count 5 5 10
DRS T1 �16 15 0 15

¼ >85 >16 35 30 65
Total Count 50 30 80 <0.001

Total DRS T1 �16 15 0 15
>16 40 35 75

Total Count 55 35 90 <0.001
Cerebrovascular disease DRST1_01 �16 7 0 7

>16 18 15 33
Total Count 25 15 40 <0.001a

Traumatic Brain Injury DRST1_01 �16 6 0 6
>16 21 11 32

Total Count 27 11 38 <0.001a

Anoxic Damage DRST1_01 <¼ 16 3 0 3
>16 2 9 11

Total Count 5 9 14 0.500a

aBinomial distribution used.

Table 6. Correlation between CRIq scores and time to first neuropsycho-
logical evaluation.

CRI-q LOS val T1

CRI-q Pearson r 1 �.019 �.296�
p-Value .860 .043
N 91 91 47

LOS (length of stay) Pearson r �.019 1 .668��
p-Value .860 <.001
N 91 94 50

val T1 Pearson r �.296� .668�� 1
p-Value .043 <.001
N 47 50 50

LOS: length of stay; val T1: interval between admission and access to first
NPS assessment.
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much reduced (n¼ 16) with respect to the initial sample.
On the other hand, there was no correlation between delta
TMT-A and delta mBI or mBI at T2. Table 7 shows the cor-
relations between sub-indices of CRIq and the change in z-
scores for each test, for a cutoff of 84 (total CRIq >84), the
mean score of CRIq (range 85–114), also chosen by the
authors of the test (Nucci, 2012).

36 patients with high cognitive reserve (CRIq tot > 84)
did not have access to formal NPS assessment (complete
protocol) because their LCF was below 6. Twelve of these
patients died, and three of the other 24 started with a DRS
of 22 ± 0.8 (mean ± SD) (vegetative state) at T1. Subjects
with high cognitive reserve (CRIq tot > 84) who had access
to formal NPS assessment (LCF > 5) began with a DRS of
18 ± 1.3 (mean ± SD) (extremely severe disability) at T1.

It was not possible to analyze the inverse hypothesis in
our population, namely whether those with CRIq tot < 85
achieved a significant gain, because they numbered ten, only
two of whom did the NSP tests.

Discussion

The prevalence of males in the population of the present
study is in line with the literature (Apolone et al., 2007;
Avesani et al., 2013), whereas the frequency of traumatic
brain lesions in men is higher than that reported in the lit-
erature (Bruns & Hauser, 2003). The mean age of these
patients is in line with the data of the GISCAR study
(Zampolini et al., 2012). Regarding the severity of disorders
of consciousness and cognitive damage, most patients (67%,
see Table 2) had a LCF of 2 or 3 on admission (vegetative
state or minimally conscious state, respectively), conditions
mostly due to bleeding or trauma. Regarding functional out-
come, 51% of patients maintained the same level of disabil-
ity at discharge, and these results are consistent with those
of other multicentre studies (e.g. Chiavaroli et al., 2016,
Avesani et al., 2018). Nevertheless, the basic scales generally
showed a significant improvement between admission and
discharge (T1 and T2), at least in part due to rehabilitation.
Moreover, the indirect relation between access to intensive
rehabilitation and gain as measured by the basic scales
(Tables 3 and Table 9) suggests that despite initial severity
(Table 2), the shorter the interval between the event and
admission to rehabilitation, the greater the improvement in
basic functioning (for all the clinical scales used). However,
it seems that pre-event cognitive reserve, measured by CRIq
(Nucci et al., 2012), does not influence this outcome. Only
the DRS (Rappaport et al., 1982) indicated that most
patients who improved in terms of disability had high CR
scores, but it was not possible to demonstrate a role of CR
due to the small statistical sample, and this significance was
not confirmed by mBI (Mahoney & Barthel, 1965). These
incongruences could be due to the use of different basic
scales (DRS and mBI) and/or to severity on admission to
intensive rehabilitation, which could have a greater effect on
cognitive than on functional outcomes. Stratification of the
sample by disability categories, both for DRS and mBI,
showed an extremely high percentage of patients (83.3% forTa
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DRS) with extremely severe disability on admission. In line
with Formisano et al. (2017), this suggests that better recov-
ery and more positive outcomes may not be due to early
rehabilitation, but that the sooner a patient can be trans-
ferred from the acute ward to intensive rehabilitation is itself
a prognostic index that indicates better or worse clinical
instability and neurological severity. It is therefore possible
that the protective effects of CR on functional and cognitive
outcome could be observed in a sample of patients with less
severe disabilities. With regard to the sub-indices of the
CRIq, there were weak correlations between gain in mBI
and CRI-LT and between mBI and CRI-WA. These results
seem in line with the recent literature on stroke (Padua et
al., 2020).

Regarding cognitive outcome, recovery time does not
appear to be influenced by CR scores prior to the event,
although a significant correlation was found between CR
and access to neuropsychological assessment (those with a
higher cognitive reserve can be assessed sooner). Regarding
cognitive outcome, in our sample it was not possible to
define a clear correlation between pre-lesional CR and cog-
nitive outcomes after sABI, despite the improvements in
performance profile evident after NPS rehabilitation. Access
to NPS assessment only seems to affect TMT-B and this
raises the question of the incongruent results obtained with
the other tests of attention that require almost the same
basic capacities (e.g. visual search). We only found a signifi-
cant effect of education level (years of schooling completed)
for TMT-A and not for the other tests of attention. We also
found a positive correlation between CRIq scores, especially
CRI-Education, and those of tests that measure the same
domain (attention). This could be due to the fact that atten-
tion exercised in the real world depends on a lifetime of
experiences (CR). However, in both cases, sample size was
reduced and the gain obtained by these subjects did not
prove to depend on the degree of overall disability.

Although sample size was sufficient for correlations
between CRIq, its sub-indices and basic scales, the number
of subjects who had access to formal NPS assessment was
much smaller (n¼ 45), depending on LCF score. This result
is affected by the clinical severity of the patient population.

Limits of the study are that the results obtained are influ-
enced by the clinical severity of the patient series and an

insufficient statistical sample. It would be useful to consider
patients with moderate to mild acquired brain lesions in
order to check a possible relation between CR and cognitive
outcome and the role of CR on outcomes in general. It
would also be worthwhile including more patients in future
studies so as to have a sufficient sample with access to NPS
assessment. It could be interesting to compare equal-sized
samples of patients with brain injury of different severity
(severe versus moderate-mild).

The study found nothing to clarify the disparity of sig-
nificance between CR and cognitive tests requiring the same
basic capacities (e.g. Visual Search and Trail making). It will
therefore be necessary to repeat the analysis using a greater
number of tests of attention that rely on the same visual
and visual-motor abilities so as to confirm or refute
the evidence.

Errors in the use of a single tool (CRIq) may be a reason
why a significant role of CR was not distinguished. It would
therefore be useful to use different measures of CR inde-
pendently and simultaneously (e.g. education, CRIq and
CoRe-T, Colombo et al., 2018), to minimize this risk.

Conclusions

Clinical practice shows high inter-individual variability of
outcome in sABI patients that might be explained by ana-
lysis of many objective and subjective factors. Among the
latter, the influence of cognitive reserve as a major protect-
ive element has been studied in the literature regarding vari-
ous pathologies. The present study set out to evaluate the
concept of active reserve, which implies strategic use of
resources according to the previous learning history of
sABI patients.

The study sample proved representative of the sABI
population and improvements in overall disability and cog-
nition emerged probably as a result of rehabilitation. High
CR scores before the event did not seem to substantially
influence outcomes. This probably has to do with sample
size and the extreme clinical severity of the study popula-
tion, and leads us to suppose that above a certain level of
severity and functional impairment, pre-lesional variables
lose their capacity to co-determine recovery possibilities,

Table 8. Improvements after cognitive rehabilitation (T2-T1).

95%—CI

n Mean SD Inf. Sup. t df p-Value

IR-15 Rey T1 P Z—IR-15Rey T2 Z 28 �0.29 0.80 �0.60 0.02 �1.93 27 0.064
DR-15 Rey T1 Z—DR-15Rey T2 Z 28 �0.69 0.69 �0.96 �0.42 �5.31 27 <.001
VisualSearchT1 Z -VisualSearch T2 Z 24 �0.23 1.17 �0.72 0.27 �0.95 23 0.351
Raven’s Matrices T1 Z—Raven’s Matrices T2 Z 21 �1.14 0.97 �1.58 �0.70 �5.38 20 <.001
Corsi supraspan T1 Z—Corsi supraspan T2 Z 12 �0.47 1.28 �1.29 0.34 �1.28 11 0.227
CET T1 Z—CET T2 Z 27 0.48 1.89 �0.27 1.23 1.32 26 0.198
Digit Span For. T1 Z—Digit Span For. T2 Z 30 �0.24 0.64 �0.48 0.00 �2.08 29 0.047
Digit Span Back. T1 Z—Digit Span Back. T2 Z 29 �0.53 0.88 �0.87 �0.20 �3.26 28 0.003
TMT part A T1 Z—TMT part A T2 Z 16 0.89 2.02 �0.19 1.96 1.76 15 0.098
TMT part B T1 Z—TMT part B T2 Z 13 0.70 0.85 0.18 1.21 2.96 12 0.012
TMT B-A T1 Z—TMT B-A T2 Z 13 0.72 0.97 0.13 1.31 2.66 12 0.021

95%-CI: 95% Confidence Interval; SD: Standard deviation; df: degree of freedom.��Correlation significant at 0.01 level (2-tailed).�Correlation significant at 0.05 level (2-tailed).

8 D. BERTONI ET AL.



whether by improvement in disorders of consciousness or
by cognitive-behavioral evolution.

Further prospective and multicentric studies that enable a
larger study sample, so as to stratify by different levels of
clinical severity, could make it possible to define the role of
cognitive reserve in functional and cognitive outcome for
sABI patients.
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