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Objectives: The “cognitive reserve” (CR) theory posits that higher premorbid

cognitive activities can mitigate the e�ects of brain damage. This study aimed to

investigate the association between CR and long-term functional autonomy in

patients surviving a severe traumatic brain injury (sTBI).

Setting: Data were collected from the database of inpatients with severe acquired

brain injury in a rehabilitation unit admitted from August 2012 to May 2020.

Participants: Patients that had incurred an sTBI, aged 18+ years, completing

the phone Glasgow Outcome Scale-Expanded at follow-up (pGOS-E) in absence

of previous brain trauma or neurological disease, or cognitive disorders were

included. Patients with severe brain injury from non-traumatic etiologies were not

included in the study.

Design: In this longitudinal study, all patients underwent a multidimensional

assessment including the cognitive reserve index questionnaire (CRIq), the coma

recovery scale-revised, the level of cognitive functioning, the Disability Rating

Scale (DRS), and the Galveston Orientation and Amnesia Test at admission. At

discharge, functional scales were administered again together with the Glasgow

Outcome Scale. The pGOS-E was assessed at follow-up.

Main measures: pGOS-E.

Results: A total of 106 patients/caregivers underwent the pGOS-E after 5.8 [3.6]

years from the event. Among them, 46 (43.4%) died after discharge, and 60

patients [men: 48 (80%); median age: 54 years; median time post-onset: 37 days;

median education level: 10 years; median CRIq total score: 91] were included in

the analysis exploring the association between pGOS-E and demographic data,

cognitive reserve surrogates, and clinical variables at admission and discharge

from the rehabilitation unit. A younger age (B = −0.035, p = 0.004) and a lower

DRS category at discharge (B = −0.392, p = 0.029) were significantly related to a

higher long-term functional autonomy in the multivariate analysis.

Conclusion: Long-term functional autonomy was not influenced by CR as

assessed through the educational level and the CRIq.
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1. Introduction

Traumatic brain injury (TBI) is damage to the brain resulting

from an external mechanical force causing a temporary or

permanent impairment of brain function (1). In Europe, an

estimated incidence rate of TBI is 235 persons per 100,000

population per year of which about 9% are severe (2). While in the

US, the Centers for Disease Control and Prevention documented

2.53 million TBI-related emergency department visits in 2014.

There were∼288,000 TBI-related hospitalizations and 56,800 TBI-

related deaths (1). TBI is the first cause of disability in young adults

worldwide leading to an important economic impact on national

health systems (1). The functional and cognitive recovery after a

TBI is characterized by high variability (3). This heterogeneity in

outcome has been attributed partly to injury characteristics, such

as the brain lesion dimension and characteristics (4) and severity

(5). Based on the trauma severity, TBI may be distinguished as

mild, moderate, or severe. In this context, severe TBI (sTBI) is

related to a pathological event of a non-congenital, perinatal, or

degenerative nature determining a coma condition, with Glasgow

Coma Scale score-acute phase (GCS) between 3 and 8, lasting

more than 24 h, presence of brain imaging abnormalities, and

post-traumatic amnesia (PTA) >7 days. For their peculiarities,

consisting essentially of a high care burden and/or the presence

of a disorder of consciousness (DoC), patients surviving an sTBI

are often transferred to a severe acquired brain injury rehabilitation

unit (sABI-IRU) where a specific rehabilitation assessment protocol

is applied (6). In fact, differently from other TBIs of minor

severity, sTBI often leads to a coma or prolonged DoC that may

persist or be followed by an emergence of consciousness. After

consciousness recovery, patients often show a confusional state

which is characterized by persistent dysfunction across multiple

cognitive domains, behavioral dysregulation, symptom fluctuation,

disorientation, and, hence, altered consciousness (7). Survivors

of sTBI frequently suffer from several neurological symptoms

leading to lifelong disability even though some patients achieve

full recovery (8). In addition, recent studies have highlighted the

higher risk of developing cognitive impairment or dementia after

sTBI (9, 10).

The heterogeneity of recovery after a TBI has also been

attributed to some patients’ specificities (11), including their

cognitive reserve. The theory of the “cognitive reserve” (CR) (12)

has been proposed to explain individual differences in susceptibility

to brain damage. It postulates that individual differences in

the cognitive processes or neural networks underlying task

performance enable some people to cope better with pathological

brain damage and with normal aging brain changes (13). The

theory of CR derives from research on aging and dementia (14)

postulating that individual differences in the cognitive processes

or neural networks allow some people to cope better with brain

damage (14). In other words, the “reserve” can serve as a

moderator between the pathology and its clinical expression. A

differential classification of the “reserve” in brain reserve (the

passive component of the reserve) and cognitive reserve (CR)

(the active component of the reserve) has been established. The

first, a quantitative component, consists of more neurons or

more synapses that can be lost without reaching a threshold

where clinical symptoms appear. In contrast, the concept of CR

hypothesizes that the brain actively attempts to contrast brain

changes by pre-existing cognitive processing approaches or by

finding new compensatory strategies (10). The most accepted

surrogate marker for CR is the level of educational attainment (15).

However, several tools for simultaneous assessment of multiple

proxies of CR (i.e., education; occupation; intellectual, physical,

social, or leisure activities) have been developed (16).

Previous observations of CR have focused primarily on

patients with evolving chronic neurodegenerative conditions such

as Alzheimer’s disease, HIV, or multiple sclerosis (17–19). Over the

past decade, growing attention has been dedicated to this theory

applied to the model of TBI. The protective effect of a higher

CR on long-term neurocognitive profile, disability, and autonomy

has been explored in patients experiencing a TBI of different

severity and after different timings from the acute event (20–28).

Nevertheless, the protective effect of CR in mitigating the effects of

TBI does not find consensus among the studies published so far.

This discrepancy could partly be explained by the inhomogeneity

of the samples studied in terms of TBI severity. Thus, most of the

previous studies tended to mix moderate and severe TBI patients in

their analysis (18, 20–23), relaxing the criteria for defining sTBI. In

Fraser and colleagues’ study (24), the mean of the worse GCS score

was 9.47 (SD 4.33); in Stewart et al. (23) and Schneider et al. (22),

the inclusion criteria were GCS ≥12 and PTA >24 h.

The aim of this longitudinal follow-up study was to investigate

the role of CR on long-term functional disability in patients with

sTBI discharged from an sABI-IRU.

2. Materials and methods

A non-concurrent cohort study was conducted, following

STROBE guidelines (29); the study was performed as an

observational single-site analysis. The principles of the Declaration

of Helsinki were followed, and the study was approved by the

Institutional Ethics Committee (17505_oss).

2.1. Participants

In this observational longitudinal study, subjects were selected

from a database of patients admitted to the sABI-IRU of the IRCCS-

Don Gnocchi Foundation of Florence from August 2012 to May

2020 following an sABI and contacted by phone between September

2021 and April 2022 to perform the phone Glasgow Outcome

Scale–Expanded (pGOS-E) (30, 31). Written consent was obtained

from the legal guardians of all patients.

Inclusion criteria were as follows: (1) patients having an sTBI

related to a pathological event of a non-congenital, perinatal, or

degenerative nature determining a coma condition, with GCS

between 3 and 8, lasting more than 24 h, presence of brain imaging

abnormalities, and PTA >7 days, (2) patients of 18 years of age

or more, (3) patients who have completed the follow-up phone

interview, and (4) patients with the absence of previous brain

trauma, neurological disease, or cognitive disorders.
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FIGURE 1

Flow chart of study population selection. pGOS-E, phone Glasgow Outcome Scale–Expanded.

2.2. Interdisciplinary functional assessment
and rehabilitation intervention

Upon admission to the sABI-IRU, all patients underwent

a multidimensional interdisciplinary assessment performed

by a team of professionals (neurologist, internist, physiatrist,

physiotherapist, speech therapist, nurse, and neuropsychologist).

Demographic and clinical history data were recorded (age, sex,

race, educational level, history of alcohol or drug abuse, psychiatric

history, and time post-onset), and clinical scales were administered,

the coma recovery scale-revised (CRS-R) (32), the level of cognitive

functioning (LCF) (33), the Disability Rating Scale (DRS) (34),

and the Galveston Orientation and Amnesia Test (GOAT) (35),

to assess the presence and duration of PTA. At discharge, all the

functional scales were administered again. The Glasgow Outcome

Scale (GOS) (36) at discharge assessed by the medical staff was

also recorded.

2.3. Cognitive reserve measures

To evaluate the preinjury CR, in addition to the educational

level, the CR Index questionnaire (CRIq) (37) of the patient was

administered to caregivers at admission. CRIq is a semi-structured

interview addressed to a family member who knows the detailed

patient history and consists of three parts: CRI-Education: level of
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TABLE 1 Characteristics of the study sample at admission and discharge.

Variables Median [IQR]; (min–max)
N (%)

Age (years) 54 [34]; (18–85)

Sex (M) 48 (80.0%)

Education (years) 10 [5]; (3–23)

Native country

Eastern Europe 2 (3.3%)

Western Europe 58 (96.7%)

TPO (days) 37 [22]; (13–501)

Time from event to follow-up (years) 5.8 [3.5]; (1.8–10.4)

LoS (days) 109.5 [88]; (22–324)

Abuse history (yes) 9 (15%)

Psychiatric history (yes) 7 (11.7%)

DRS at admission 7 [3]; (3–9)

LCF at admission 4 [1]; (1–7)

PTA at admission (yes) 60 (100%)

DRS at discharge 5 [2]; (0–8)

LCF at discharge 6 [2]; (2–8)

PTA at discharge (yes) 31 (51.7%)

CRI-education 91.5 [18]; (68–133)

CRI-working activity 94.5 [17]; (70–155)

CRI-leisure 95 [14]; (76–201)

CRI-tot 91 [14]; (76–167)

PTA duration (days) 75 [53]; (14–495)

pGOS-E at follow-up 4 [5]; (3–8)

IQR, interquartile range; TPO, time post-onset; LoS, length of stay; DRS, disability rating

scale; LCF, levels of cognitive functioning; CRI, cognitive reserve index; PTA, post-traumatic

amnesia; pGOS-E, phone glasgow outcome scale-expanded.

education, the raw score is the sum of years of schooling and years

of extra-scholastic training; CRI-working activity: years worked at

distinct levels of occupation based on the cognitive input required

and the level of responsibility, the raw score is the number of

years worked in proportion to the cognitive commitment that each

occupation requires; and CRI-leisure time: 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 frequency

of the activities.

2.4. Rehabilitation treatment, follow-up
assessment, and outcome

Based on the individual’s assessment, the individual

rehabilitation project was planned by an interdisciplinary

team of neurorehabilitation professionals delivering an average of

3 h of specific treatment per day. In addition, the pharmacologic

interventions were planned according to the patient’s needs.

Discharge was planned and carried out upon the decision of

the interdisciplinary team, including the patient’s family and

caregivers, in agreement with the local health authority, either

when the patient reached a plateau or when the patient achieved a

functional improvement that allowed home discharge or transfers

to a less specialized intensive rehabilitation setting.

To evaluate the functional disability, the pGOS-E was carried

out on the patients or their principal caregivers if they were unable

to carry out the interview.

The primary outcome was to investigate the possible

association between CR (assessed by educational level and CRIq

score) and long-term functional outcomes assessed by the pGOS-E.

The secondary outcome was to identify predictors of higher

long-term functioning both at admission and at discharge from

the IRU.

2.5. Statistical analysis

The analyses were performed using SPSS 27.0 software (IBM

SPSS, Chicago, Illinois, USA). Continuous data were first tested for

normality using the Shapiro–Wilk test. As data did not meet the

criteria for normality (p < 0.05), they were summarized through

their median value, interquartile range (IQR), and minimum–

maximum range. Categorical variables were summarized with

their frequencies and percentages. Then, the association between

functional disability at follow-up measured using the pGOS-

E and the participants’ characteristics was first tested by using

univariate linear regression analyses. Variables that were shown to

be associated with the pGOS-E score at follow-up with a p-value of

at least <0.1 were introduced into a multivariate linear regression

model. Two models were built: the first (Model A) considered

demographic characteristics, the time between event and follow-up,

and clinical data at admission; the second (Model B) considered

demographic characteristics, the time between event and follow-

up, and clinical data at discharge as independent variables. In

both models, the pGOS-E score at follow-up was assumed as

the dependent variable. In all analyses, a p-value of <0.05 was

considered statistically significant.

3. Results

A total of 150 patients with sTBI were admitted to the IRU

between August 2012 and May 2020. Among them, three patients

died during the IRU stay, 36 patients were lost at the follow-up,

and five refused to participate in the phone interview. A total of

106 patients or their caregivers completed the phone interview at

a median time from the event of 5.8 [IQR: 3.6] (range: 1.8–10.4)

years. Among the 106 included patients, 46 (43.4%) died after their

discharge from the IRU (Figure 1).

A total of 60 patients [men: 48 (80.0%); median age: 54, IQR:

34 years; median time post-onset (TPO): 37, IQR: 22 days; median

education level: 10, IQR: 5 years; median CRIq total score: 91, IQR:

14] were included in the analysis. All included patients were native

to Europe and were diagnosed in a state of a PTA at the admission

time; thus, these variables were not included in the subsequent

analysis. In total, 27 patients (45.0%) were in DoC at admission. At
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discharge from the IRU, after a median length of stay (LoS) of 109.5,

IQR: 88 days, four patients (6.7%) were still in DoC, and 29 (48.3%)

patients recovered from the PTA, with a median PTA duration

of 75, IQR: 53 days. Demographic and clinical characteristics at

admission and discharge are summarized in Table 1.

At follow-up, the median pGOS-E was 4, IQR was 5, and

27 patients presented moderate functional autonomy at follow-up

(pGOS-E > 4).

To investigate a possible association between the CR surrogates

and the pGOS-E at follow-up, univariate linear regression analyses

were performed including pGOS-E as the dependent variable

and the following independent variables: age, sex, educational

level, CRIq, TPO, psychiatric and abuse history, DRS category at

admission and discharge, CRS-R at admission and discharge, LCF

at admission and discharge, LoS in the IRU, PTA recovery (yes/no)

at discharge, the time between the event, and follow-up (Table 2).

Neither education nor the CRIq was significantly associated with

pGOS-E at follow-up (p= 0.259 and p= 0.326, respectively).

Variables associated with the pGOS-E score at follow-up with

a p-value of at least <0.1 were then included in a multivariate

linear regression analysis to predict long-term autonomy both at

admission to the IRU (Table 3, Model A) and discharge (Table 3,

Model B). Time from event to follow-up was included in both

models as a confounder due to its wide range that appeared to be

associated with the pGOS-E at a univariate level.

In themodel including demographic characteristics and clinical

data at admission (Model A), a higher pGOS-E score at follow-

up remained significantly associated only with younger age (B =

−0.037, p = 0.004). In the multivariate linear regression model

including demographic characteristics and clinical data at discharge

(Model B), only younger age (B = −0.035, p = 0.004) and a

lower DRS category at discharge (B = −0.392, p = 0.029) were

significantly related to a higher functional autonomy at follow-

up. In both models, the time between the event and follow-up

did not achieve a statistical significance suggesting an association

between age and pGOS-E as well as between DRS at discharge and

pGOS-E independent of time between the event and the evaluation.

In Figures 2, 3, the distribution of data significantly related to a

higher long-term functional autonomy is shown. For representative

purposes, the outcome variable (pGOS-E) was dichotomized to

good outcome (pGOS-E≥ 5, moderate disability or good recovery)

vs. poor outcome (pGOS-E < 5, severe disability).

4. Discussion

In the present study, a higher CR, as measured by educational

level and CRIq, was not associated with better long-term functional

autonomy in survivors of sTBI. Only age and disability level at

discharge from the IRU were associated with a higher functional

outcome in the long term.

These results are in line with previous studies showing

the absence of a protective effect of CR on the long-term

neuropsychological profile of patients with sTBI (19, 21) allowing

to extend these previous findings also to the long-term level of

autonomy. The apparent contrast with other studies that concluded

a protective effect of the CR on disability may be due to the different

case-mix characteristics of the participants. First, as mentioned

before, the present study, differently from other studies in this

field (18, 20, 22, 23), included only patients with sTBI. Indeed,

patients with sTBI are vastly different, when compared to those

with moderate TBI, in terms of neurological characteristics as they

include patients with DoC or confusional states but also in terms

of clinical and care burden and prognosis (8). From a rehabilitation

perspective, these patients are considered differently than mild and

moderate TBI and are subjected to different treatment protocols

(10). They, therefore, should be considered as a different group

and analyzed separately to better investigate prognosis predictors

(6). Second, compared to other study samples including only sTBI

patients, the present sample has an oldermedian age at injury onset:

54, IQR: 35 years; range = 18–85 compared to a mean of 26.06

years (SD = 8.2, range = 18–58) in Levi’s study (38) and a mean

of 26.16 years (SD = 8.8, range = 16–42) in Kesler’s study (20). As

shown by a recent study assessing sTBI, older age is associated with

higher mortality and lower functional independence recovery (39).

In addition, other results suggested that functional independence

recovery was associated only with the trauma severity and the age

of these patients (39).

In essence, compared to previous studies, the present analysis

was carried out on older patients surviving a more severe trauma,

thus with a lower brain reserve. In the reserve theory, two different

models, namely the “active model” and the “passive model,” have

been defined (11). The CR refers to the “active” reserve model,

where the brain actively tries to cope with brain damage using pre-

existing cognitive resources. So far, however, the evidence of this

theory applied to traumatic brain damage is still debated, and the

need for research that examines the complex interplay between

a range of moderating and mediating injury-related (e.g., cause

and severity of TBI) and person-related (brain reserve and CR)

variables has been highlighted (16). The brain reserve, made up

of a number of neuronal resources (40) and, therefore, closely

related to age, represents instead the “passive” component of this

reserve theory and appears to have a role in preventing cognitive

decline in the advanced phases of some neurological diseases.

In Alzheimer’s disease, it is noteworthy that the pathology of

beta-amyloid and tau accumulates decades before the cognitive

impairment onset. In that sub-clinical laps of time, brain reserve

could play a protective role in counteracting the effects of the

disease until the disease increases up to a critical threshold in

which the symptoms can no longer be contrasted. The concept of

a threshold, beyond which a potential protective effect vanishes,

has also been suggested in the cognitive decline associated with

multiple sclerosis. Amato et al. showed that CR positively impacts

cognitive performances in the early stages of illness (41), but

this effect decreases with increasing levels of brain tissue loss, as

measured by total brain volume and cortical volumemeasurements

(42). Also, a recent study has shown the absence of a protective

role of CR on cognitive decline in the oldest-old subjects (age

> 90 years) whose brain reserve had become physiologically

lower (43). From these results, it can be hypothesized that the

observed protective role of the CR against traumatic brain damage

vanishes after a given brain reserve decline threshold produced by

both the growing patient’s age and the severity of the traumatic

brain injury.
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TABLE 2 Univariate linear regressions.

B SE Beta t p-value 95%CI lower 95%CI upper

Age (years) −0.044 0.012 −0.425 −3.574 0.001 −0.069 −0.020

Sex (M) 1.208 0.665 0.232 1.817 0.074 −0.123 2.539

Education (years) 0.100 0.069 0.188 1.447 0.153 −0.038 0.238

TPO (days) −0.003 0.003 −0.134 −1.032 0.306 −0.009 0.003

Time from event to follow-up (years) 0.277 0.126 0.277 2.196 0.032 0.024 0.529

Abuse history (yes) 0.529 0.763 0.091 0.694 0.490 −0.997 2.056

Psychiatric history (yes) −1.054 0.840 −0.162 −1.254 0.215 −2.736 0.628

DRS at admission −0.329 0.179 −0.235 −1.841 0.071 −0.686 0.029

LCF at admission 0.569 0.219 0.323 2.601 0.012 0.131 1.007

DRS at discharge –0.558 0.139 –0.465 –4.002 <0.001 –0.837 –0.279

LCF at discharge 0.876 0.201 0.498 4.371 <0.001 0.475 1.278

PTA at discharge (yes) –1.182 0.525 –0.284 –2.254 0.028 –2.233 –0.132

CRI-education −0.028 0.019 −0.190 −1.470 0.147 −0.065 0.010

CRI-working activity 0.009 0.017 0.072 0.552 0.583 −0.024 0.043

CRI-leisure −0.019 0.013 −0.187 −1.454 0.151 −0.046 0.007

CRI tot −0.015 0.015 −0.129 −0.990 0.326 −0.046 0.016

Dependent variable: phone Glasgow Outcome Scale-Expanded (pGOS-E) score at follow-up; independent variables: demographic characteristics and clinical data at admission and discharge.

TPO, time post-onset; DRS, disability rating scale; LCF, levels of cognitive functioning; PTA, post-traumatic amnesia; LoS, length of stay; CRI, cognitive reserve index.

TABLE 3 Multivariate linear regression models.

B SE Beta t p-value 95%CI lower 95%CI upper

Model A

Age (years) −0.037 0.012 −0.350 −3.034 0.004 −0.061 −0.012

Sex (M) 0.729 0.598 0.140 1.219 0.228 –0.470 1.928

DRS at admission –0.148 0.167 –0.106 –0.885 0.380 –0.483 0.187

LCF at admission 0.322 0.214 0.183 1.510 0.137 –0.106 0.751

Time from event to follow-up (years) 0.176 0.117 0.176 1.504 0.138 –0.059 0.410

Model B

Age (years) −0.035 0.012 −0.338 −2.973 0.004 −0.059 −0.011

Sex (M) 0.833 0.554 0.160 1.502 0.139 –0.279 1.945

Time from event to follow-up (years) 0.092 0.110 0.092 0.830 0.410 –0.130 0.313

DRS at discharge −0.392 0.175 −0.327 −2.241 0.029 −0.743 −0.041

LCF at discharge 0.208 0.314 0.118 0.663 0.510 –0.421 0.837

PTA at discharge (yes) –0.211 0.565 –0.051 –0.373 0.711 –1.344 0.923

Dependent variable: phone Glasgow Outcome Scale–Expanded (pGOS-E) score at follow-up; independent variables: time from event to follow-up and demographic characteristics and clinical

data at admission (Model A). Dependent variable: pGOS-E at follow-up; independent variables: time from event to follow-up and demographic characteristics and clinical data at discharge

(Model B).

Model A: DRS, disability rating scale; LCF, levels of cognitive functioning.

R2 = 0.251.

Model B: DRS, disability rating scale; LCF, levels of cognitive functioning; LoS, length of stay; CRS, coma recovery scale; PTA, post-traumatic amnesia.

R2
= 0.363.

The threshold model has been scarcely investigated in TBI

because of the high complexity of the subsequent brain damage

that often involved more than a single structural or functional

area, affects a highly heterogeneous population, and may generate

a diffuse axonal injury that affects the structure and function

of various brain regions in ways which can be challenging to

quantify reliably (44). A previous study assessing the effect of

cortical atrophy as a surrogate of the brain reserve has confirmed

its threshold-protective effect after an sTBI (20). The study also

concluded for a protective effect of the CR in the short term after an
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FIGURE 2

Age distribution according to good (pGOS ≥ 5) and poor (pGOS-E < 5) functional autonomy at follow-up.

FIGURE 3

DRS score distribution according to good (pGOS ≥ 5) and poor (pGOS-E < 5) functional autonomy at follow-up.

sTBI (20); however, the population involved was very young [mean

age 26.06 years (SD = 8.2, range = 18–58)], and no longitudinal

follow-up was performed to explore the long-term effects of the

brain damage that are known to evolve even after the occurrence

of acute damage. Indeed, although TBI is an acute event, the

injury triggers a cascade of neurological and psychosocial sequelae

that generate a chronic disease process that may contribute to a

permanent disability (9, 45).

This study has some limitations that warrant discussion. The

pGOS-E, as an outcomemeasure of long-term functional disability,

has been chosen refereeing to the minimum evaluation protocol

published by the Italian society of physical and rehabilitation

medicine (6). However, despite being the most widely used

outcome measure after TBIs, the GOS-E is increasingly recognized

to have important limitations (31). Indeed, the GOS-E, by asking

patients and caregivers to evaluate a current functional state
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in comparison with a preinjury functionality, necessarily faces

subjective biases which include patients not having full insight

and caregivers overestimating the extent of a disability. This

is an acknowledged limitation of the GOS-E and thus of our

analysis, too. In addition, these data need to be confirmed by

further studies in larger samples. Moreover, the absence of data

concerning the rehabilitation treatment after the IRU discharge

may represent a further limitation. Nevertheless, the primary

aim of the study was to explore the impact of CR as an early

predictor of the functioning of patients with sTBI admitted to

the IRU and to provide information on long-term functional

prognosis based on data available at admission and discharge.

Overall, these results enrich knowledge about patients surviving

an sTBI admitted to a rehabilitation ward and provide clinicians

with more information concerning the long-term prognosis

after sTBI allowing better communication with the patients and

their caregivers.

5. Conclusion

The protective effect of CR intended as an active individual

contribution based on a more stimulating lifestyle able to

contrast the effects of TBI is closely related to brain reserve

preservation. It is conceivable that, after an sTBI, the decline

of the passive and unchangeable component of the cerebral

model known as the brain reserve has a major impact on

the definition of the functional outcome. Also, increasing age,

in turn, further reduces the brain reserve. Future studies are

needed to better investigate the subtle interaction between

the brain reserve components in influencing the recovery

from sTBI.
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