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A B S T R A C T

Background: Severe traumatic brain injury (TBI) is a leading cause of complex and persistent disability.

Yet, long-term change in global functioning and determinants of this change remain unclear.

Objectives: This study aimed to assess change in global functioning in the long-term after severe TBI and

factors associated with the change.

Methods: This was a prospective observational study of an inception cohort of adults with severe TBI in

the Paris area (PariS-TBI). Outcome was assessed at 1, 4 and 8 years post-injury. For the included

participants (n = 257), change in global outcome between 4 and 8 years was evaluated with the Glasgow

Outcome Scale Extended (GOSE) score, and its association with pre-injury, injury-related and post-injury

variables was tested with univariate and multivariable analyses.

Results: More than half of the 73 participants evaluated at both 4 and 8 years showed global

improvement (of at least one point) in GOSE score and an improvement in mood, executive function, and

subjective complaints. On univariate analysis, none of the pre-injury, injury or post-injury variables were

associated with GOSE score change between 4 and 8 years, except for GOSE score at 4 years (rho = �0.24,

P = 0.04). On multivariable analysis, probability of increased GOSE score was associated with more years

of education (odds ratio 1.18 [95% confidence interval 1.02–1.37], P = 0.03). The change in GOSE score

was significantly correlated with change in Hospital Anxiety Depression Scale score between 4 and

8 years (rho = �0.42, P < 0.001).

Conclusions: Most participants with severe TBI in the present sample showed a late improvement (4 to

8 years post-injury) in global functioning. Of the socio-demographic and injury-related factors, only

more years of education was associated with improvement in global functioning. Decreased anxiety and

depression symptoms were associated with improved global functioning. Targeting interventions to

enhance resilience may be the most effective in the long-term after severe TBI.
�C 2020 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Traumatic brain injury (TBI) is a leading cause of acquired
disability and an important public health concern worldwide. Its
consequences can persist for a long time and interfere with daily
functioning. The average annual incidence of TBI is 262/100,000
inhabitants in Europe [1]. The prevalence of persistent sequelae
between 4 and 8 years after a severe traumatic brain injury. Data
), https://doi.org/10.1016/j.rehab.2020.07.005
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was estimated at 704/100,000 inhabitants in a French national
survey [2]. About 10% of TBI case are considered severe, and the risk
of persistent impairment increases with TBI severity.

Although the long-term prognosis is of major importance for
individuals with TBI, their relatives, and professionals and from a
medico-economic perspective, the literature on this issue remains
scarce. Most published studies focused on a 6-month or 1-year
outcome [3]. In the few previous studies describing change over a
longer time, more than 2 years post-TBI, results were controversial
[4–6]. Some studies suggested a global long-term stability [7,8],
whereas others found a continued improvement, then a delayed
decline 10 years after TBI [5,9] or a decline for half of the sample
between 5- and 10-year follow-up [6]. A special emphasis was
given to psychological and behavioral sequelae, considered the
most serious problems in the long-term in previous research
[10,11]. Previous publications mostly included people with
moderate to severe TBI rather than exclusively severe TBI. Most
studies that assessed long-term outcome focused on factors
accounting for outcome, rather than those accounting for change
over time. Recent studies described trajectories of overall disability
at different times and predictors of these trajectories by using
individual growth curve analysis [5,6,9].

In this study, we aimed to describe the late changes (between
4 and 8 years) in overall disability after exclusively severe TBI. Few
results are available in this particular population. Moreover, little
is known about the factors that account for late changes in post-TBI
outcomes. A second aim was to assess variables that could account
for these late changes. Recovery and outcome after TBI are
multidetermined, and previous studies reported the impact of pre-
injury, injury and post-injury variables in prognostic studies
[5,6]. In the present study, we addressed these issues by assessing
long-term changes between 4 and 8 years post-TBI and testing
factors that could account for these changes among the pre-injury,
injury and post-injury variables. We hypothesized a stability or
slight improvement in global functioning between 4 and 8 years
and that long-term change would be related to the pre-traumatic
state rather than severity factors.

2. Material and methods

2.1. Participants

We conducted an observational study focusing on long-term
functional evolution in a French multicentric inception cohort of
individuals with severe TBI, the PariS-TBI study. Consecutive
individuals aged � 15 with Glasgow Coma Scale (GCS)
score � 8 before hospital admission in the absence of other causes
of coma were recruited by mobile emergency services in the Paris
area from 2005 to 2007. A total of 504 individuals with TBI were
included in the cohort; 247 (49%) died during the acute phase. For
the 504 individuals with TBI, most were men (76%), and the mean
(SD) age was 42 (20) years. The leading causes of TBI were road
traffic accident (53%) and accidental and non-accidental falls (23%
and 13%, respectively). GCS scores for brain injury severity were as
follows: score 3 or 4, 207 (41%) individuals; score 5 or 6, 148 (29%),
and score 7 to 8, 139 (28%).

3. Assessments

3.1. PariS-TBI study design

Pre-injury socio-demographic data were collected during the
acute stage, as were severity-related factors. Disability was
assessed with the Glasgow Outcome Scale (GOS) [12] at intensive
care unit (ICU) discharge. Participants were evaluated at 1, 4 and
Please cite this article in press as: Ruet A, et al. Potential for recovery 
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8 years post-injury. Assessment consisted of a telephone interview
at 1-year follow-up and a face-to-face interview at 4 and 8 years.
All assessments were conducted by trained neuropsychologists,
and data were collected from participants and/or their relatives
when possible. Of the 257 survivors at the end of the acute phase,
134 were evaluated at 1 year (118 lost to follow-up and
5 deceased), 147 at 4 years (98 lost to follow-up and 7 deceased),
and 86 at 8 years (128 lost to follow-up, 22 refused to participate,
7 deceased). The actual sample size was not calculated and directly
reflected the initial sample minus dead participants, those lost to
follow-up, and those who refused to participate.

Global functioning was assessed with the GOS Extended (GOSE)
scale, a maximum score of 8 corresponding to full recovery and 1 to
death [13]. The Dysexecutive Questionnaire (DEX) [14] was
completed by the participant and/or relatives to assess executive
dysfunctions in daily life. The DEX questionnaire consists of
20 items exploring emotional, motivational, behavioral, and
cognitive domains on a scale from 0 to 4, with a maximum score
of 80; higher scores indicate more severe disorders. Mood
disorders were measured with the Hospital Anxiety and Depres-
sion Scale (HADS), a self-reporting questionnaire with 2 subscores
for anxiety and depression, both ranging from 0 to 21; higher
scores (maximum = 42) correspond to more severe anxiety and
depression symptoms [15]. Subjective physical, cognitive and
behavioral complaints were assessed with the Brain Injury
Complaint Questionnaire (BICoQ) [16], a complaint questionnaire
designed to assess a wide range of difficulties commonly reported
by participants with acquired brain injury. It contains closed
questions (yes/no) about cognitive processes (language, memory,
attention, and executive functions), fatigue, mood, sleep, somatic
disorders and behavior (irritability/apathy). GOSE, DEX, HADS, and
BICoQ questionnaires were completed at 4 and 8 years post-injury.

The longitudinal outcome of the PariS-TBI cohort at different
follow-up times were previously reported [17–27].

4. Statistical analyses

Pre-injury socio-demographic factors, injury-related factors,
and post-injury factors are reported with mean (SD) and range for
continuous variables. Median and interquartile range were used to
describe numerical variables in small samples. Categorical
variables are described with number (%). In case of missing data,
percentages are based on the number of participants who
answered. To study the biases linked to lost to follow-up, evaluated
participants were compared to non-evaluated participants by
Student t-test for quantitative data and Chi2 test for categorical
variables (a error 5%). Post-hoc analyses for the Chi2 test involved
adjusted standardized residuals.

The change in GOSE score between 4 and 8 years was calculated
(8-year GOSE score minus 4-year GOSE score, a positive score
indicating improvement and a negative score deterioration) and
further treated as an ordinal variable. To assess variables
associated with GOSE score change between 4 and 8 years, we
used univariate analyses with Spearman’s rank correlation
coefficient for continuous and ordinal variables, with Mann–
Whitney test for dichotomous independent variables and Kruskal–
Wallis test for nominal independent variables. A multivariable
ordinal model was computed with change in GOSE score as the
dependent variable and variables that predicted functional
outcome after TBI in previous studies as independent variables
[6]. We felt that it would be unwarranted to include a covariate
that resulted in excluding > 10% of the sample. Only pre-injury and
injury-related variables were included in the model to respect
proportional-odds assumption and avoid missing data. The
correlation of HADS and BICOQ score changes between 4 and
between 4 and 8 years after a severe traumatic brain injury. Data
), https://doi.org/10.1016/j.rehab.2020.07.005
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8 years was assessed with Pearson’s r. Missing data were not
imputed. P < 0.05 was considered statistically significant. All
analysis involved using R v3.5 [28].

5. Ethical aspects

The research was completed in accordance with the Helsinki
Declaration. Individuals with TBI and their families were informed
about the purpose of the PariS-TBI observational study upon
inclusion in the database. Before the 8-year assessment, partici-
pants and their proxies were given written and oral information
and gave their oral consent to participate, in accordance with
French legislation. The study was approved by the local ethics
committee (Comité de Protection des Personnes, CPP XI, Poissy-Saint
Germain hospital) and by the Consultative Committee for
Treatment of Health Research Information (CCTIRS, from the
French Ministry of Health). The study was registered at Clinical-
Trials.gov in August 2011 (identifier: NCT01437683).

6. Results

Table 1 shows descriptive statistics and univariate analyses
comparing initial social-demographic characteristics and core
acute-care data for participants who were followed up at both
4 and 8 years (evaluated, n = 73) and those who could not be
evaluated at these times (128 lost to follow-up, 22 refused to
participate, 13 not evaluated at 4 years). Mean (SD) time (months)
since the accident was 49.5 (6.2) and 98.1 (8.3) months at 4 and
8 years, respectively. The 2 groups significantly differed in
frequency of pre-injury employment and in occupational class.
Adjusted standardized residuals were only at least � 2 for the
‘‘white collar’’ occupational class, which was overrepresented in
evaluated participants. Hence, significantly more participants were
Table 1
Univariate analysis of evaluated and non-evaluated patients with traumatic brain inju

Not evaluated Missing 

Patients’ characteristics n = 163 

Sex 0 (0%) 

Female 31 (19%) 

Male 132 (81%) 

Age at injury (years) 33.5 (15.8) [15.2–82.7] 2 (1.2%) 

Years of education 11.2 (2.8) [5–20] 64 (39.3

Occupational class 32 (19.6

Blue collar 54 (41.2%) 

White collar 11 (8.4%) 

Retired 12 (9.2%) 

Student 33 (25.2%) 

Unemployed 21 (16%) 

Employment pre-injury 32 (19.6

Yes 65 (49.6%) 

No 66 (50.4%) 

Living alone before TBI 4 (2.5%) 

No 121 (76.1%) 

Yes 38 (23.9%) 

Alcohol addiction before TBI 10 (6.1%

No 128 (83.7%) 

Yes 25 (16.3%) 

Initial GCS

3–4 39 (25%) 7 (4.3%) 

5–6 57 (36.5%) 

7–8 60 (38.5%) 

Duration of coma (days) 8.8 (7.6) [0–50] 22 (13.5

Time to follow command (days) 11.8 (11.7) [0–81] 28 (17.2

Length of stay in ICU (days) 25.1 (21.2) [2–134] 1 (0.6%) 

GOS at ICU discharge 3.8 (0.9) [2–5] 23 (14.1

1-year GOSE 5.2 (1.4) [2–8] 84 (51.5

GCS: Glasgow Coma Scale; ICU: intensive care unit; GOS: Glasgow Outcome Scale; GO
a Chi2 or Student t-test.
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employed pre-injury in this group. The 2 groups did not differ in other
characteristics.

At 8 years, GOSE assessment of overall disability in the
73 evaluated participants was distributed as follows: 14 (19%)
had a severe disability, 34 (47%) moderate disability, 25 (34%) good
recovery. Between 4 and 8 years, global functioning deteriorated for
9 (12%) participants, remained stable for 26 (36%) and improved for
38 (52%) (Fig. 1). The change in GOSE scores between 4 and 8 years
is illustrated in Fig. 2. Participants with improvement in function
between 4 and 8 years were mostly those who at 4-year assessment
needed partial assistance in activities of daily living (ADL); who at
4-year assessment, although independent in ADL, were not able to
resume work/school or previous social activities; or who at 4 years,
had minor physical and mental deficits that affected daily life (i.e.,
GOSE scores 4–6). Univariate analysis of the change in GOSE score
between 4 and 8 years is shown in Table 2. None of the pre-injury
demographic, severity-related or 1-, 4- or 8-year outcome variables
were significantly associated with GOSE score change, except for
the 4-year GOSE score (Pearson’s rho = �0.24, P = 0.04). In a
multivariable ordinal model, among the pre-injury and injury
severity-related variables, only years of education was associated
with GOSE score change (Table 3). More years of education was
associated with increased probability of improvement in global
functioning between 4 and 8 years post-TBI.

The HADS score was recorded for 61 participants at both 4 and
8 years. Overall, 43% of participants showed an increase in anxiety
and depression symptoms; for 10%, symptoms remained stable;
and for 47%, symptoms improved. According to the previously
defined 8-point cut-off score for anxiety and depression subscales,
43% had anxious disorders and 31% had a probable depression at
4 years. At 8 years, these rates were 33% for both anxiety and
depression. The change in GOSE score was significantly correlated
with change in HADS score between 4 and 8 years (Spearman’s
rho = �0.42, P < 0.001) (Fig. 3).
ry.

data Evaluated Missing data P-valuea

n = 73

0 (0%) 0.92

15 (20.5%)

58 (79.5%)

34.1 (13.4) [15.4–74.8] 0 (0%) 0.80

%) 12.1 (3.1) [6–19] 2 (2.7%) 0.04

%) 4 (5.5%) 0.02

31 (44.9%)

16 (23.2%)

3 (4.3%)

14 (20.3%)

5 (7.2%)

%) 4 (5.5%) 0.02

47 (68.1%)

22 (31.9%)

0 (0%) 0.53

52 (71.2%)

21 (28.8%)

) 5 (6.8%) 0.11

63 (92.6%)

5 (7.4%)

19 (26.4%) 1 (1.4%) 0.90

24 (33.3%)

29 (40.3%)

%) 9.7 (6.4) [0–24] 11 (15.1%) 0.37

%) 12.6 (11) [0–56] 14 (19.2%) 0.62

28.3 (21.7) [3–119] 0 (0%) 0.30

%) 3.8 (0.8) [3–5] 9 (12.3%) 0.82

%) 4.8 (1.3) [3–7] 25 (34.2%) 0.14

SE: GOS Extended. Data are mean (SD) [range] unless indicated.

between 4 and 8 years after a severe traumatic brain injury. Data
), https://doi.org/10.1016/j.rehab.2020.07.005
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Table 2
Univariate analysis of the 4- to 8-year change in Glasgow Outcome Scale Extended

score with follow-up variables.

Spearman’s rho,

Mann–Whitney W

or Kruskal–Wallis

rank sum test, Chi2

P-value

Age (n = 73) �0.09a 0.47

Sex (n = 73) 515b 0.25

Years of education (n = 71) 0.20a 0.09

Occupational class pre-injury (n = 69) 3.99c 0.41

Employed pre-injury (n = 69) 570.5b 0.47

Living alone pre-injury (n = 73) 529.5b 0.84

Alcohol abuse (n = 68) 142.5b 0.72

GCS score (n = 72) 529.5a 0.83

Duration of coma (n = 62) �0.15a 0.26

Time to follow command (n = 59) �0.16a 0.23

Length of stay in ICU (n = 73) 0.01a 0.92

GOS score at ICU discharge (n = 64) < 0.01a 0.99

GOSE score at 1 year (n = 48) 0.05a 0.75

GOSE score at 4 years (n = 73) �0.24a 0.04

HADS anxiety score at 4 years (n = 64) 0.19a 0.13

HADS depression score at 4 years (n = 64) 0.15a 0.24

HADS total score at 4 years (n = 64) 0.19a 0.13

DEX score at 4 years (self-report) (n = 48) 0.11a 0.45

DEX score at 4 years (proxy-report) (n = 66) 0.10a 0.43

HADS anxiety score at 8 years (n = 66) �0.11a 0.39

HADS depression score at 8 years (n = 66) < 0.01a 0.97

HADS total score at 8 years (n = 66) �0.05a 0.68

DEX score at 8 years (self-report) (n = 66) 0.05a 0.67

DEX score at 8 years (proxy-report) (n = 41) 0.03a 0.84

TBI: traumatic brain injury; GCS: Glasgow Coma Scale; GOS: Glasgow Outcome

Scale; ICU: intensive care unit; GOSE: Glasgow Outcome Scale Extended; HADS:

Hospital Anxiety Depression Scale; DEX: Dysexecutive Questionnaire.
a Spearman’s rho.
b Mann–Whitney test.
c Kruskal–Wallis rank sum test.

Table 3
Multivariable regression analysis of factors involved in the 4- to 8-year change in

GOSE score (n = 70).

OR 95% CI P-value

Age (years) 0.98 0.94–1.01 0.18

Sex (ref. male) 0.40 0.13–1.18 0.10

Years of education 1.18 1.02–1.37 0.03

GCS score 0.92 0.72–1.16 0.48

Length of stay in ICU (days) 1.01 0.99–1.03 0.34

OR: odds ratio of a higher score at 8 than 4 years from the trauma per 1-unit increase

in numerical variables or compared to the reference category of categorial

variables; 95% CI: 95% confidence interval; GCS: Glasgow Coma Scale; ref.:

reference; ICU: intensive care unit.

Fig. 1. Difference in Glasgow Outcome Scale Extended scores between 8 and 4 years

after traumatic brain injury (TBI) (8-year minus 4-year score).

Fig. 2. Changes in GOSE levels between 4 and 8 years after TBI. GOSE, Glasgow

Outcome Scale Extended. White: decrease in GOSE score; light grey: stable score;

dark grey: increase in GOSE score.
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Between 4 and 8 years, the change in DEX score (DEX self-
completed by participants) was available for 44 participants. The
score decreased (improved) for 64% of the sample, remained stable
for 2% and increased (worsened) for 34%. We found no significant
correlation between changes in DEX and GOSE scores between
4 and 8 years (Spearman’s rho = �0.08, P = 0.59). Overall, 37 (46%)
participants showed a decrease in relative DEX score, 5% stable
scores, and 49% an increase. We found no significant correlation
between change in relative DEX score and GOSE score between
4 and 8 years (Spearman’s rho = �0.04, P = 0.8).

A total of 60 participants completed both 4- and 8-year BICoQ
assessments. BICoQ score decreased (fewer complaints) for 48% of
participants, remained stable for 12% and increased for 40%. We
Please cite this article in press as: Ruet A, et al. Potential for recovery 
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found no significant correlation between change in GOSE and
BICoQ scores between 4 and 8 years (Spearman’s rho = �0.18,
P = 0.17) but rather a significant correlation between change in
BICoQ and HADS scores (Pearson’s r = 0.51, P < 0.001).

7. Discussion

At 8 years after a severe TBI, about a third of our sample showed
good recovery according to the GOSE. Global outcome seemed to
agree with previous results for individuals with severe TBI at 10-
year follow-up among a cohort with mild to severe TBI from a
rehabilitation center [4]. However, when comparing 4- and 8-year
outcomes, more than half of our participants showed global
improvement (of at least one point) on the GOSE and also
improvement in mood (HADS), executive function (DEX) and
subjective complaints (BICoQ). The change in GOSE score from 4 to
8 years was inversely correlated with the 4-year GOSE score and
the 4- to 8-year HADS change score. Surprisingly, the GOSE change
between 4 and 8 years after a severe traumatic brain injury. Data
), https://doi.org/10.1016/j.rehab.2020.07.005
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Fig. 3. Correlation between change in GOSE score and change in HADS score

between 4 and 8 years after severe traumatic brain injury (TBI) (n = 61). GOSE,

Glasgow Outcome Scale Extended; HADS, Hospital Anxiety and Depression Scale.

A. Ruet et al. / Annals of Physical and Rehabilitation Medicine xxx (2020) xxx–xxx 5

G Model

REHAB-1422; No. of Pages 6
score was not significantly correlated with the DEX or BICoQ
change scores. On multivariable analysis, a more years of education
was the only pre-injury or TBI severity-related variable associated
with increased GOSE score between 4 and 8 years after severe TBI.

The GOSE score was decreased in only 12% (n = 9) of
participants. Although commonly used in TBI outcome research,
the GOSE scale has rarely been used, or with different statistical
approaches, in previous longitudinal studies examining functional
outcome over 5 years after TBI, so comparing previous research
with the present results is difficult. For a group of individuals with
moderate to severe TBI, the GOSE score initially increased and
peaked approximately at 10 years, then decreased [5]. Similarly,
functional outcome evaluated with Barthel Index and Functional
Independence Measure improved between acute-care discharge
and 3-year evaluation in a prospective cohort of individuals with
moderate to severe TBI from acute trauma centres [29]. In contrast,
the GOSE score remained stable across 1, 2, and 5 years post-TBI in
a cohort of individuals with moderate to severe TBI [30]. In this
study, age < 30 years and being employed at the time of injury was
associated with improved GOSE score. In contrast, among
unemployed participants, older individuals showed stable and
decreased GOSE scores. In the same cohort, with a supplementary
10-year follow-up, GOSE score decreased between 5- and 10-year
follow-up in 37% of the sample; 56% showed no change [6]. In a
study reporting very extended follow-up, mobility, self-care,
employability, relationships and living skills domains were stable
between 6 and 23 years after a severe TBI in a consecutive series of
rehabilitation patients [31]. In individuals with mild to severe TBI,
functional outcome was stable across a broad range of areas at 2, 5,
and 10 years post-injury [4]. Variability of the change over time in
overall disability between studies is surprising and difficult to
explain. One hypothesis explaining the overall decrease in
disability in our sample is the organization of the French health
care system, which provides long-term outpatient rehabilitation
and community reentry support [24].

Concerning factors associated with long-term outcome, we
found the change in the GOSE score between 4 and 8 years
negatively correlated with the 4-year GOSE score. Because
functional outcome remained stable or improved in most of our
participants, this finding reflected that participants with improve-
Please cite this article in press as: Ruet A, et al. Potential for recovery 
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ment were more disabled at 4 years, that is to say, had a potential
range of progression. None of the other tested socio-demographic
pre-injury, injury-related, and post-injury variables were correlat-
ed with change in global functioning in the long-term in our
univariate analysis. More years of education was associated with
improved global functioning in our multivariable analysis. In a
previous study, 10 years after mild to severe TBI, longer education
was associated with better GOSE outcome [32]. This beneficial
effect of longer education was found in another major TBI cohort at
5 years [33]. In contrast, in individuals with moderate to severe TBI
followed at 1, 2, and 5 years, education duration treated as a
dichotomized variable was not associated with GOSE score change,
nor at a supplementary 10-year follow-up [6,30]. This difference
with our results might be related to the dichotomization of the
study duration. We did not find other studies assessing overall
disability change by education length after a TBI.

Concerning the age effect, in a large pooled sample study, the
odds of a poor outcome at 6 months (i.e., death or unfavorable
outcome) linearly increased by 40% to 50% for each 10 years of age.
Pretz et al. found age, functional independence measure score at
rehabilitation admission, rehabilitation length of stay and race
associated with baseline GOSE score as well as rate and extent of
both improvement and decline over time [5]. Older age was
significantly associated with low initial and high linear decrease of
GOSE score over time, with a modest effect. A modest but
significant effect of age on GOSE trajectory was reported in a recent
10-year follow-up study [6]. According to previous and our results,
older age seems associated with low early functional outcome but
does not seem to have an important effect on evolution of global
functioning. In previous studies, long-term functional outcome or
employability could be predicted with a combination of pre-injury,
injury severity-related, and disability-related variables at acute-
care or rehabilitation discharge [26,31]. Our results suggest that
the pattern of change in functional outcome over the long-term
might depend on other factors.

In this regard, the correlation between change in HADS and
GOSE scores between 4 and 8 years was an interesting result. Of
course, correlation does not imply causation. However, the high
rates of anxiety and depression symptoms in our sample should
encourage the provision of psychological support in this popula-
tion, even late after the injury. Psychological resilience has been
found a significant predictor of increased participation after mild
to severe TBI, and Wardlaw et al. argued for the development of
strategies to enhance psychological resilience to limit psychologi-
cal consequences of TBI and increase participation [34]. Moreover,
a specific resilience and adjustment intervention diminished
psychological distress in individuals with mild to severe TBI
[35]. The significant correlation between changes in BICoQ and
HADS scores could be interpreted in two ways. On the one hand,
participants may have been less likely to report complaints when
their mental health improved and on the other, complaints may
have decreased and psychological status improved in parallel with
overall functional improvement. However, the lack of significant
correlation between changes in GOSE and BICoQ scores did not
support this latter hypothesis.

This study has some limitations, the most important being the
high attrition rate. This problem is common in long-term follow-up
studies, particularly in cohorts of individuals from acute care units.
However, our sample was homogenous and the evaluated and non-
evaluated groups did not differ in the most common demographic
and injury severity-related predictors of long-term outcome. The
small sample size also limited the power of the statistical analyses.
Finally, the study had a relatively high proportion of missing data
regarding DEX scores at both 4- and 8-year assessments, which
prevented or limited a comprehensive investigation of the late
changes in outcome after severe TBI.
between 4 and 8 years after a severe traumatic brain injury. Data
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8. Conclusions

Most individuals with severe TBI in our sample showed a late
improvement in functioning (4 to 8 years post-injury), which was
an encouraging result. Among demographic and injury severity-
related measures, only years of education was significantly
correlated with change in overall disability between 4 and 8 years
post-TBI. More years of education was associated with improved
global functioning. Participants with more severe impairments at
4 years showed improvement between 4 and 8 years. A decrease in
anxiety and depression symptoms was associated with improved
global functioning. Targeting interventions to enhance resilience
may be the most effective in the long-term after severe TBI.
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part of this study (4-year outcome) was funded by a grant from the Institut

de recherche en santé publique (IRESP).
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prospective outcome study observing patients with severe traumatic brain
injury over 10–15 years. Acta Anaesthesiologica Scandinavica 2017;61:502–
12. http://dx.doi.org/10.1111/aas.12880.

[8] Andelic N, Howe EI, Hellstrøm T, Sanchez MF, Lu J, Løvstad M, et al. Disability
and quality of life 20 years after traumatic brain injury. Brain Behav 2018;8.
http://dx.doi.org/10.1002/brb3.1018.

[9] Dams-O’Connor K, Pretz C, Billah T, Hammond FM, Harrison-Felix C. Global
outcome trajectories after TBI among survivors and nonsurvivors: a national
institute on disability and rehabilitation research traumatic brain injury model
systems study. J Head Trauma Rehabil 2015;30:E1–0. http://dx.doi.org/
10.1097/HTR.0000000000000073.

[10] Gorgoraptis N, Zaw-Linn J, Feeney C, Tenorio-Jimenez C, Niemi M, Malik A, et al.
Cognitive impairment and health-related quality of life following traumatic brain
injury. Neurorehabilitation 2019;331. http://dx.doi.org/10.3233/NRE-182618.

[11] Engberg AW, Teasdale TW. Psychosocial outcome following traumatic brain
injury in adults: a long-term population-based follow-up. Brain Injury
2004;18:533–45. http://dx.doi.org/10.1080/02699050310001645829.

[12] Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet
1975;1:480–4.

[13] Fayol P, Carrière H, Habonimana D, Preux P-M, Dumond J-J. Version française
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