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ABSTRACT

Background/objectives: The objective was to assess the relationships between neuropsychological
impairments, functional outcome and life satisfaction in a longitudinal study of patients after a severe
traumatic brain injury (TBI) (PariS-TBI study).

Patients: Out of 243 survivors, 86 were evaluated 8 years post-injury. They did not significantly differ from
patients lost-to-follow up except for the latter being more frequently students or unemployed before the
injury.

Methods: Outcome measures included the Glasgow Outcome Scale-Extended (GOS-E), a functional
independence questionnaire, employment, mood, fatigue and satisfaction with life. Neuropsychological
outcome was assessed by two ways: performance-based outcome measures, using neuropsychological
tests and patient and relative-based measures.

Results: Neuropsychological measures were not significantly related to initial injury severity nor to
gender, but were significantly related to age and education. After statistical correction for multiple
comparisons, cognitive testing and cognitive questionnaires were significantly correlated with most
outcome measures. By contrast, satisfaction with life was only related with patient-rated questionnaires.
A regression analysis showed that the Trail-Making-Test-A was the best predictor of functional outcome, in
addition to education duration.

Conclusions: Cognitive measures, particularly slowed information processing speed, were significant
indicators of functional outcome at a long-term post-injury, beyond and above demographics or injury
severity measures.
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Severe traumatic brain injury (TBI) can result in long-lasting
cognitive deficits, associated with behavioral and personality
changes and mood disturbances (1). Patients with severe TBI
may show difficulties in social and family interactions, in their
ability to study or to return to a productive ability. Previous
research showed that long-term functional outcome results from
a complex combination of injury-related factors (severity of
injury) and demographic factors (age, gender, educational level)
((2) for a review). Psychosocial trajectories after TBI are complex
and global outcome may vary significantly over time (3). Some
patients may continue to improve at a long-term post injury. For
example, Forslund et al. (3) reported that, between 5- and 10-year
follow-up, 37% of a sample of patients with moderate to severe
TBI had deteriorated, while 7% had improved. More optimistic
findings were obtained in the PariS-TBI study, as 40% of partici-
pants continued to improve from 1- to 4-year and 52% from 4- to
8-year after a severe TBI (4,5). However, a trend for long-term
memory decline has been reported in a minority of patients (6).

Such trajectories may be influenced by patient-related variables
but also by environmental and organizational factors. Indeed, the
provision of community-based support has been found associated
with long-term benefits (4,7).

The predictive value of cognitive abilities on functional
outcome remains however debated (8-14). This is an impor-
tant issue, as most practitioners involved in TBI care com-
monly use neuropsychological testing to predict a patient’s
ability in everyday life.

A number of studies found significant relationships between
cognitive testing and functional outcome. Williams et al. (8)
found, in a longitudinal study of 288 adults with TBI or various
severity, that cognitive evaluations uniquely contributed to
outcome predictions of functional disability (including return
to work), even after considering demographic, injury severity
and CT characteristics. However, neuropsychological testing
did not improve the prediction of life satisfaction. In a similar
way, Hanks et al. (9) in a cross-sectional study of 377 patients
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1-25 years post TBI found that neuropsychological test scores
from a brief outpatient battery represented independent pre-
dictors of disability, need for supervision and employment, in
addition to demographic and injury characteristics. Bercaw
et al. (10) also showed that neuropsychological test scores one-
year post injury were predictive of 2-year functional outcome.
Ponsford et al. (11) assessed 60 patients with mild to severe TBI
10 years after the injury. They found that performances on tests
of information processing speed, attention, memory, and
executive function were significantly predictive of outcome
using a dichotomized Glasgow Outcome Scale-Extended
(GOS-E) (15). The cognitive measure that obtained the largest
effect-size was slow processing speed, as measured on the Digit
Symbol Coding subtest. In addition, Wilson et al. recently
reported a study based on a large (n = 1554) sample of patients
with mild to severe TBI, from the multicenter European
CENTER-TBI study (14). They used one-way analyses of cov-
ariance, adjusted for age, sex and education, to compare cog-
nitive performance across the different GOS-E categories and
found small to medium effect-sizes. The greatest effects
involved speed of processing and learning and memory.
There were large deficits of performance for patients with
Severe or lower Moderate Disability (GOS-E scores 3-5)
while cognitive performance was surprisingly similar (mildly
impaired) across the three higher levels of functioning (upper
Moderate Disability or Good recovery).

However, contrasting results have also been reported. Wood
& Rutterford (12) found, in a sample of 131 participants more
than 10 years post-injury, that cognitive variables had a limited
capacity to predict very late outcome. The only cognitive
domain to make a significant contribution to outcome was
working memory, which predicted community integration,
satisfaction with life, and depression. However, this sample
included a relatively high number of participants with mild
or moderate TBI (the median PTA duration was 7 days).

Allanson et al. (13) recently reported the results of a meta-
analysis on neuropsychological predictors of outcome after
TBI. Seven studies were selected, which included either the
GOS-E (15), or the Disability Rating Scale (DRS) (16) as out-
come measure. Large and statistically significant correlations
were found between functional outcome measures (mainly
with the GOS-E) and a number of neuropsychological dimen-
sions: immediate and delayed verbal memory, visuo-spatial
construction, set-shifting, and generativity. Multiple regression
analysis showed that these neuropsychological dimensions
were all significant independent predictors of outcome, except
for immediate verbal memory, and that they explained 31% of
the variance of the GOS-E.

Taken together, the findings from these different studies all
suggest that neuropsychological tests add unique predictive
information for long-term functional outcomes after TBI,
and that there is a need to use a combination of tests addressing
different cognitive dimensions to assess outcome.

However, most of the above-referenced studies included
a wide range of TBI severity (including patients with moderate
or even mild TBI). The present study is among the few to
examine a homogenous sample of patients with severe TBI as
much as eight years post-injury. The aim was to explore the
relationships between neuropsychological impairments and

functional and social outcome at a long term after a severe
TBI. The PariS-TBI study (17,18) is a prospective inception
cohort study of patients with severe TBI in the Parisian area
which offers a unique opportunity to address this issue in
a homogeneous sample of patients. Global data on 8-year out-
come have been previously reported (5,19). To summarize:
cognitive complaints were reported by about 70% of the sam-
ple, whereas motor or balance problems were reported by less
than half of the patients, and were severe in only a minority of
cases (about 10%); the majority of patients (37%) were in the
upper Moderate Disability category according to the GOS-E,
45.1% (and 48.7% of patients aged under 65) were employed in
a productive job, and the majority of subjects (90.2%) were
independent for elementary daily-life activities while 20% to
50% needed help for more complex tasks (taking public trans-
port, writing a letter or financial and administrative
management).

Methods
Participants and design of the PariS-TBI study

The present study was part of a larger regional prospective
inception cohort study called PariS-TBI, which was undertaken
in 2005 in Paris city and its suburbs. Consecutive patients were
included by mobile emergency services of the area over a 22-
month period. Criteria for inclusion were patients aged 15 or
more with a severe TBI (lowest Glasgow Coma Scale (GCS)
score before hospital admission of 8 or less, in the absence of
other causes of coma). Data from intensive care units (ICU) to
home discharge were collected prospectively.

A total of 504 patients were included. Subjects were mainly
men (77%), mean age was 42 + 20 years (min-max = 15-98).
Main causes of injury were road traffic accident (53%) and
falls (35%). There were 257 patients who survived after the
acute stage, and 14 patients died later, after discharge, so
there were 243 surviving patients eight years post-injury.
From this initial sample, 134 were evaluated at one-year
outcome (20), 147 could be evaluated for the four-year fol-
low-up (18), and 86 patients attended 8-year follow-up (19).
Some of these patients however did not complete all the tests
or questionnaires for various reasons, related to time avail-
able or to fatigue. As can be seen on there were fewer missing
data for questionnaires, which were completed by 76 to 78
patients than for cognitive tests, which were completed by
about 54 patients (although this depended on the test). Forty-
eight relatives were available to rate the subjective question-
naires. The present study is based on the results of the eight-
year post-injury assessment. Patients and their relatives were
contacted by telephone and mail, in order to schedule a face-
to-face interview with a trained neuropsychologist (GN).

Materials
Baseline demographic, and injury severity measures

Socio-demographic characteristics included age at time of
injury, gender, and years of education. These data were
included in the original database, and completed if necessary
during the eight-year interview.



Brain injury severity was assessed using the following vari-
ables: last GCS score before arrival at the hospital (without any
previous sedation or after a transitory stop of sedation), time to
follow commands, length of stay in intensive care unit (ICU),
and disability upon discharge from ICU, as measured with the
Glasgow Outcome Scale (GOS) (21). Duration of post-
traumatic amnesia could unfortunately not be included in the
model, as there were too many missing data.

Assessment of functional outcome

The choice of outcome measures was based on current knowl-
edge of outcome after severe TBI. Some of them were part of
the NINDS Common Data Elements for TBI (22), but other
measures were selected here as they have been used at earlier
stages of the PariS-TBI study, or because they were available in
the French language. Global functional outcome was assessed
using the GOS-E (15), which ranges from death to Upper Good
Recovery on an eight-point scale. Scoring of the GOS-E was
made by one of the authors (GN), based on the French transla-
tion of the structured interview proposed by Wilson et al. (15).
Return to a productive employment was also recorded.
Productive employment was defined here as any kind of paid
employment, either full-time or part-time, in the open market
or in a sheltered environment (not including studying). As
mentioned earlier, more detailed information about vocational
status of the present sample has been reported previously (19).
In addition, a questionnaire assessing independence in activ-
ities of daily living was used. This questionnaire is a slightly
modified version of the “activities of daily living” section of the
European Brain Injury Society (EBIS) Head Injury Evaluation
Chart, which has been used in previous research and has been
found sensitive to TBI (23). The original chart includes 12
items, 6 related to basic and 6 to advanced activities of daily
life. In the present study, to simplify data collection, the most
relevant activities were retained, as follows: four out of the six
basic activities of daily life were grouped into one single ques-
tion (covering dressing, grooming, toileting and indoor walk-
ing); and four out of six advanced activities were retained:
using public transportation; writing a letter; dealing with finan-
cial and administrative matters; driving a car or a motorcycle.
For each of these tasks, and in accordance with the original
EBIS chart, a 4-point Likert-type scale was used ranging from 0
(total independence) to 3 (inability to complete the task alone).
The total score was used here (range: 0-15, higher scores
indicating poorer independence).

Assessment of mood, fatigue and quality of life

Mood was assessed with the Hospital Anxiety and Depression
Scale (HADS) (24) which has two sub-scores for anxiety
(max = 21) and depression (max = 21), and a global score
(max = 42). Mental fatigue, which may impact cognitive per-
formance and behavior, was assessed through the Fatigue
Severity Scale (FSS) (25), which has previously been found
sensitive to brain injury. The FSS measures impact of fatigue
on daily functioning and the distress caused by fatigue. It
includes nine items related to fatigue over the past 2 weeks,
which are rated on a Likert-type 7-level scale. Higher scores
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indicate higher subjective fatigue. Quality of life was assessed
using a visual-analog scale where patients were asked to rate
their subjective overall satisfaction with life (range: 0, very poor
satisfaction to 10, highest satisfaction possible).

Assessment of neuropsychological impairments

In order to assess problems in the neuropsychological domain,
two sets of measures were taken: performance-based measures,
relying on widely used neuropsychological tests, and patient-
and/or relative-based measures, including questionnaires on
changes that occurred in everyday life since the injury.

Speed of processing was assessed using the Processing Speed
Index (PSI) from the Wechsler Adult Intelligence Scales-
Fourth Edition (WAIS-IV) (26). The PSI is derived from two
subtests, the mean value of the standardized score in healthy
individuals is 100 (SD = 15).

Verbal learning was assessed with the French version of the
California Verbal Learning Test (CVLT) (27). This test
involves the oral presentation and recall of 16 words across
five trials, followed by a single presentation of a second, inter-
tering, 16-word list, and by short- and long-term recall of the
first list. Free recall was followed by a cued recall condition,
where patients were given the words’ semantic categories.
Scores used here were standard scores of the first-list and raw
scores (as no standard scores were available for these measures
in the French version) of short-term free recall, short-term
cued recall, long-term free recall, and long-term cued recall
of the first list.

Mental flexibility was assessed using the Trail Making Test
(TMT) (28,29), parts A and B. Part A required the subject to
draw as fast as possible lines to connect consecutively 25
numbered circles on an A4 paper sheet. In part B, they had
to connect consecutively numbered (1 to 13) and lettered (A-
L) circles by alternating between the 2 sequences. Time of
completion of forms A and B, and interference time (B minus
A) were measured.

Planning and multitasking were assessed using the Modified
Six-Element test (28,30). Participants were instructed to com-
plete six simple tasks within a given time limit (10 minutes).
They were explicitly instructed that they had to complete at
least some part of each one of the six subtasks, and that they
were not allowed to do two subtasks of the same type imme-
diately one after the other. The score was a global score (rank
score) calculated with the following formula: the number of
tasks correctly attempted minus the number of tasks with rule
break (range: 0-6).

Behavioral changes were assessed using the Dysexecutive
Questionnaire (DEX) (30,31). The DEX is a 20-item question-
naire, completed by the patient and by a relative, measuring
changes in everyday life as a result of executive dysfunction
(score range = 0-80, higher scores indicating more severe
impairments). A subjective assessment of complaints related
to everyday life was obtained through the Brain Injury
Complaint Questionnaire (BICoQ) (32,33). The BICoQ
includes 25 yes/no questions addressing a wide range of com-
plaints commonly reported by patients with acquired brain
injury, related to cognitive processes, fatigue, mood, sleep,
somatic disorders and behavior (irritability/apathy). This
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questionnaire also includes a version for relatives, and
a measurement of the difference between patients’ and rela-
tives’ ratings to assess self-awareness.

Statistical analyses

Statistical analyses were computed with SPSS 22 statistical soft-
ware (IBM SPSS Statistics, IBM Corporation, Chicago).
Categorical variables are shown as numbers and percentages,
continuous variables are expressed as means and standard
deviation (SD). Relationships between neuropsychological test-
ing and questionnaires (DEX and BICoQ) on the one hand and
outcome measures on the other hand were assessed using
Spearman’s Rho correlation coeflicient, due to the distribution
of data, or with one-way ANOVAs for categorical variables
(gender, return to work). To minimize type I error on multiple
comparisons, the alpha level was arbitrarily set at p < .0l.
A regression analysis was then computed to assess the deter-
minants of the GOS-E. We used pairwise deletion when there
were missing data in neuropsychological assessment.

Ethical aspects

The research was completed in accordance with the Helsinki
Declaration. Patients and their families had been informed
about the purpose of the PariS-TBI observational study upon
inclusion in the database. Before the 8-year assessment,
patients and their proxies were given written and oral informa-
tion 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 recorded in ClinicalTrials.gov in August 2011 (identifier:
NCT01437683).

Results
Patients’ baseline characteristics

There were 86 patients who attended 8-year follow-up.
Patients’ characteristics are shown on Table 1. The mean
delay since the TBI was 98.5 months (SD: 8.65). Four of the
86 patients refused to complete the totality of the question-
naires. According to the GOS-E, 17 (19.7%) patients had
a Severe Disability (respectively 7 and 10 in the lower and
upper categories), 42 (48.8%) had a Moderate Disability (11
lower and 31 upper) and 27 (31.4%) patients obtained a Good
Recovery (15 lower and 12 upper). Patients’ performance on
neuropsychological testing and the results of the two question-
naires are presented in Table 2.

Patients included in the present study were compared with
lost-to-follow up individuals. There was no statistically signifi-
cant difference between these two groups regarding age, gen-
der, severity of injury, disability (as assessed with the GOS)
upon discharge from the ICU, alcohol abuse or marital status
(living alone or not). However, included patients had
a significantly higher educational level (12.2 £3.2 vs. 11.0 +

Table 1. Demographics, injury severity and 8-year functional status, mood, fatigue
and QolL.

Patients’ characteristics

Mean (SD) or n (%)

Demographics

Age (years) (n = 86) 41.8 (13.6)
Years of education (n = 81) 12.2 (3.9)
Gender (male) (n = 86) 68 (79.1%)
Pre-injury alcohol abuse (n = 82) 17 (20.7%)

Injury severity

GCS (n = 85) 5.8 (1.8)

Time to follow command (n = 75) (days) 12.4 (10.6)
LOS in ICU (days) (n = 86) 28.8 (23.8)
GOS upon ICU discharge (n = 75) 3.8(0.8)

8-year outcome

GOS-E (n = 86) 5.9 (1.5)

Independence score (n = 82) 33(3.2)

Productive work (n = 82) 37 (45.1%)
HADS (n = 76) 11.6 (8.3)
FSS (n =78) 54 (33)

QoL (n =76) 6.5 (1.9)

LOS = length of stay; ICU = Intensive Care Unit; GOS = Glasgow Outcome Scale;
GOS-E = Glasgow Outcome Scale — Extended; HADS = Hospital Anxiety and
Depression Scale; FSS = Fatigue Severity Scale; QoL = Quality of Life

Table 2. Results of neuropsychological testing and subjective questionnaires.

Tests/scales Mean (SD)
Neuropsychological testing

PSI (n = 53) 87.0 (15.7)
CVLT-first list total standard score (n = 54) -1.6 (1.7)
CVLT-short term free recall (n = 54) 8.0 (4.2)
CVLT- short term cued recall (n = 54) 9.1 (3.7)
CVLT- long term free recall (n = 53) 8.4 (4.3)
CVLT- long term cued recall 8.98 (4.0)
TMT-A (secs) (n = 56) 44.07 (24.0)
TMT-B (secs) (n = 54) 103.9 (59.1)
TMT interference time (secs) (n = 54) 63.6 (45.1)
Modified SET rank score (n = 34) -1.1 (5.8)
Questionnaires

DEX-patient (n = 76) 16.6 (13.7)
DEX-relative (n = 47) 24.1 (16.9)
DEX-difference (n = 41 1.2 (21.2)
BICoQ-patient (n = 76) 10.4 (6.2)
BlCoQ-relative (n = 48) 134 (6.1)
BlCoQ-difference (n = 41 0.9 (5.6)

PSI = processing speed index (standard score from the WAIS-1V); CVLT = California
Verbal Learning Test; TMT = Trail Making Test; SET = Six-element test;
DEX = Dysexecutive Questionnaire; BICoQ = Brain Injury Complaint
Questionnaire.

2.6 years of education) and were more often employed pre-
injury (72.0% vs. 57.6%) than patients lost to follow-up
(both p < .01).

Relationships between neuropsychological measures
(tests and questionnaires) and demographic data

As can be seen on Table 3, the effect of gender (as assessed with
one-way ANOVAs) was statistically significant for only one
cognitive variable, the rank score at the Modified Six-Element
Test, due to a better performance for women. Two neuropsycho-
logical measures were significantly related to age: CVLT-first list
total standard score (surprisingly a positive correlation, i.e. better
scores for older patients), and time of completion of TMT-A, due
to a slower performance for older patients. Education duration
was significantly correlated with most memory scores and with
all scores derived from the TMT, due to a better and faster
performance for more educated patients. Education duration
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Table 4. Correlation analyses (Spearman’s Rho (and 95% Cl)). Relationships between neuropsychological testing and subjective questionnaires.

DEX-P DEX-R DEX-D BICoQ-P BICoQ-R BICoQ-D
Neuropsychological testing
PSI (n = 53) -.23 -.29 -.16 —.37%* -.18 -.05
(—0.51;-.01) (—.51;.16) (—.38;.3) (—0.6;-.14) (—.6;.02) (—.35;.34)
CVLT-first list total standard score (n = 54) =31 -22 1 —.38%* =27 -.01
CVLT-short term free recall (n = 54) (-.57;-.1) (—.38;.29) (—.15;.5) (—.61;-.16) (-.59;.01) (—.24;.42)
CVLT- short term cued recall (n = 54) -.26 -34 =17 - 42%% =13 .01
CVLT- long term free recall (n = 53) (—.48;.03) (—.45;.2) (—.36;.31) (—.6;-.14) (—.46;.19) (—.22;.44)
CVLT- long term cued recall -19 -27 -.05 -34 -15 .01
(—.45;.06) (—.38;.28) (—.27;.39) (—.53;-.04) (—.48;.17) (—.22 .44)
-17 -.34 -.22 -.35%* =27 -14
(—42;.11) (—.49;.17) (—.42;.25) (=.57;-.09) (—.56;.07) (—.36;.32)
-17 -30 -1 -.35%* -.18 -.02
(—.42;.11) (—.43;.24) (—.33;.34) (—.54;-.05) (—.53;.11) (—.29;.39)
TMT-A (secs) (n = 56) 29 20 1 42%* 26 07
TMT-B (secs) (n = 54) (.15;.6) (—.22;.43) (-.37;.29) (.27;.67) (.0;.6) (-.32;.34)
TMT interference time (secs) (n = 54) 37** 23 .01 AQF* .26 .04
(.03;.53) (—.26;.41) (-.37;,.3) (.1,.57) (.12;,.52) (-.37;.31)
33 22 03 30 20 04
(—.04;.47) (=.27;.4) (—.34;.34) (.01;.51) (-.19;.47) (-.37;3)
Modified SET rank score(n = 34) -.02 -1 =12 -.09 -.01 12
(—.35;.33) (—.49;42) (—.49;.42) (—.44;.23) (—.48;.43) (—.4;.51)

DEX = Dysexecutive Questionnaire; BICoQ = Brain Injury Complaint Questionnaire; for both questionnaires: P = Patient scoring; R = Relative scoring; D = Difference
score; PSI = processing speed index (standard score from the WAIS-IV); CVLT = California Verbal Learning Test; TMT = Trail Making Test; SET = Six-element test.

**p<.01.

did not however significantly correlate with the Modified Six-
Element test, nor with cognitive and complaint questionnaires.

Relationships between neuropsychological measures
(tests and questionnaires) and injury severity

There was no statistically significant correlation between cog-
nitive measures (tests or questionnaires) and injury severity
variables (Table 3), although there was a trend for a few non-
significant relationships (p < .05) with the GCS or post ICU-
GOS. Correlation coefficients with coma duration are not
shown on the table for clarity of presentation, as they were all
far from significance (all Rhos <0.18).

Relationships between neuropsychological measures
(tests and questionnaires) and mood, fatigue and life
satisfaction

As can be seen in Table 3, statistically significant correlations
were found between mood, as assessed with the total HADS
score and speed of processing (time of completion of TMT-A
and B), DEX-patient, DEX-difference, BICoQ-patient and
BICoQ-difference. Fatigue was also significantly correlated with
time of completion of the TMT and with both DEX-patient and
BICoQ-patient, and in addition it was also significantly corre-
lated with two verbal memory measures; fatigue was however
not significantly related to DEX- and BICoQ- relative- nor -
difference scores. Quality of life did not significantly correlate
with any neuropsychological testing score, but was significantly
correlated with patient’s ratings of both the DEX and the BICoQ
(but not with relative’s ratings nor with difference scores).

Relationships between neuropsychological measures
(tests and questionnaires) and functional outcome

Statistically significant correlations were found between the
GOS-E score and the following cognitive measures (Table 3):

time of completion of TMT-A and B, DEX-patient, DEX-
relative, BICoQ-patient, and BICoQ-relative. Although there
was a trend for significant correlations between the GOS-E and
memory scores, these did not reach statistical significance after
correction for multiple comparisons.

Regarding the functional independence questionnaire, statisti-
cally significant correlations were found with most neuropsycho-
logical testing scores with the exception of the Modified Six-
Element test (PSI, CVLT cued- long-term recall, time of comple-
tion of TMT-A and B, TMT interference time), and with DEX-
patient, DEX-relative, BICoQ-patient, and BICoQ-relative
ratings.

Finally, return to work was statistically significantly related
to the following measures: three out of five verbal memory
scores, time of completion of TMT-A, DEX-patient, BICoQ-
patient and BICoQ-relative.

Relationships between performance-based measures and
questionnaires

As can be seen on Table 4, there were only poor relationships
between neuropsychological testing and the DEX. The only sig-
nificant correlation concerned the DEX-patient and TMT-B
(although there was a non-significant trend for a few other corre-
lations). Regarding the BICoQ, the patients’ ratings were signifi-
cantly related to verbal memory and speed of processing (PSI and
TMT A and B). There was no significant correlation between
neuropsychological testing and relatives’ scores nor with difference
scores.

Regression analyses

A linear regression analysis was computed to assess the inde-
pendent eftect of cognition on functional outcome. The GOS-E
score was used as dependent variable. Three blocks of inde-
pendent variables were successively entered into the regression
equation. The first block included demographic variables (age



and education duration), the second block included injury
severity measures (GCS, coma duration and GOS score upon
ICU discharge), and the third block included a selection of
cognitive measures which were found significantly correlated
with the GOS-E in univariate analyses (TMT-A and DEX-
patient score). The BICoQ was not included in the model, as
it appeared highly correlated with the DEX. The model was
found statistically significant (F (7,34) = 6.24, p > .001) and
reliable (Durbin-Watson statistics = 2.23). The R square was
.34 for the first block of independent variable (demographics,
p < .001, standardized Beta coefficients = —.31 for age and .58
for education duration). Block 2 (injury severity) did not sig-
nificantly improve the model (R square change = .04, p > .1,
standardized Beta coefficients = —.31 for age, .54 for education
duration, and ranging from —.01 to .13 for injury severity
measures), however, block 3 did significantly improve the
model (R square change = .18, p < .01). Overall, the third
model explained 56.2% of the total GOS-E variance. Only
education duration and TMT-A were significantly indepen-
dently related to GOS-E (standardized Beta coefficients = .33
and —.41 respectively, p < .05), all other variables did not reach
statistical significance (standardized Beta coefficients ranging
from .11 to .18).

Considering the significant effect of education duration on
outcome, to rule out any possible confounding effect of this
variable, which was also found to be associated to loss to
follow-up, additional analyses were computed to assess the
clinical significance of neuropsychological measures after con-
trolling for education. For this purpose, patients were divided
in two groups based on their GOS-E score (unfavorable
outcome = Severe and lower Moderate Disability; favorable
outcome = upper Moderate Disability and Good Recovery).
Separate one-way analyses of covariance (ANCOVAs) were
computed for each of the neuropsychological outcome mea-
sures with group (favorable vs unfavorable) as between-subject
variable, and education duration as covariate. Only three of
these analyses showed a significant effect of group, due to more
severe impairments in the unfavorable outcome group after
control for education duration: TMT-A (favorable group:
mean = 38.9 SD = 18.2 secs; unfavorable group: mean = 61.0
SD = 32.8 secs; F (,53) = 5.7, p = .02); DEX-relative (favorable
group: mean = 18.5 SD = 31.7; unfavorable group: mean = 31.7
SD = 16.6; F (2,34,) = 5.6, p = .02) and BICOQ-relative (favor-
able group: mean = 11.07 SD = 6.0; unfavorable group:
mean = 16.6 SD = 4.8; F (2,34,) = 7.6, p = .008). All other
group comparisons were not significant (p > .05).

Discussion

The objective of the present study was to assess the relation-
ships between neuropsychological impairments and different
dimensions of outcome in a homogenous prospective sample
of patients with severe TBI at a chronic stage (8 years post
injury). The term neuropsychological impairments was used
here as an umbrella term including different domains, such as
deficits in cognitive functions (memory, attention, executive
functions and speed of processing), but also behavioral and
personality changes which are commonly encountered in
patients with severe TBI. Cognitive impairments (measured

BRAIN INJURY 7

by tests) and behavioral changes (measured by self- or proxy-
rated questionnaires) are frequently associated but they may
also dissociate, the most frequent type of dissociation being
(sub)normal performance on tests contrasting with behavioral
changes according to relatives (34). Accordingly, two sets of
measures of neuropsychological outcome were taken: perfor-
mance-based measures, including common neuropsychologi-
cal tests; and patient or relative-based measures, including
questionnaires focusing on the subjective impact of such def-
icits in everyday life, both from the patient’s and a close rela-
tive’s perspective (the DEX (30) and the BICoQ (32)). Raw
scores were used for most cognitive test scores, except for the
PSI and the CVLT-first list total standard scores. However, the
effects of age and education were controlled for in the regres-
sion model. Different outcome measures were obtained,
including measures of mood, fatigue, satisfaction with life,
and functional outcome (GOS-E, a functional independence
score designed specifically for this study and employment).

Although gender only had a marginal effect on cognitive out-
come, age and education had significant effects on speed of
processing, but only education duration was significantly related
to verbal memory. These findings are in accordance with previous
research showing the negative effect of age and the positive effect
of education on neuropsychological outcome (17,20,34,35).

Interestingly, no initial injury severity measure (GCS, coma
duration and disability upon ICU discharge) significantly corre-
lated with neuropsychological outcome. The GOS at discharge
from ICU is a relatively crude measure of outcome, but it is
difficult at this stage to obtain more reliable measurements of
the patient global level of functioning. Unfortunately, post-
traumatic amnesia, which has been found to be a better predictive
measure of outcome, could not been used in the present study,
due to a high number of missing values. Nevertheless, these
findings are not really surprising, as the limited value of injury
severity measures in predicting long-term outcome, at least in
samples including only patients with severe TBI, has been
reported in previous research (11,12,35). It should be outlined
that, in a previous study on the same sample, we found a weak but
significant correlation between injury severity and disability, as
assessed with the GOS-E (19). However, cognition is determined
by a complex combination of factors, such as cognitive reserve,
mood, social environment, which may explain the lack of signifi-
cant relationship with injury severity. These different findings
therefore suggest that initial injury severity measures poorly pre-
dict long-term neuropsychological outcome, particularly in sam-
ples limited to patients with severe injuries, such as the present
one. Different findings should be expected in samples including
a wider range of injury severity (i.e. patients with mild and
moderate TBI).

We investigated the relationships between neuropsycholo-
gical impairments and selected subjective measures of out-
come, including mood, fatigue and satisfaction with life. The
main findings were that neuropsychological tests (mainly men-
tal speed) were marginally correlated with mood and fatigue,
but were not significantly related to quality of life. By contrast,
patients’ ratings of the DEX and the BICoQ were significantly
related with mood, fatigue and quality of life. These findings
are in accordance with current theoretical accounts according
to which mental fatigue results from the efforts required to
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overcome the effect of slowed processing to meet everyday life
demands (36,37). They are also in accordance with previous
findings suggesting that quality of life is a complex and multi-
determined issue (17,38,39,40) which cannot be captured with
examiner’s-based measures. For example, Williams et al. (8)
found that the Satisfaction With Life Scale score was not sig-
nificantly predicted by a combination of injury-related, CT
characteristics and cognitive factors. Due to time limits in the
follow-up assessments, we did not use in the present study
a well-validated scale such as the QOLIBRI (40) which was
used at 4-year follow-up (17). This may represent a limitation
to the study. Nevertheless, the finding of significant correla-
tions with other subjective measures (DEX and BICOQ) con-
trasting with the lack of significant correlation with
neuropsychological testing suggests at least some degree of
validity of the visual-analog scale of life satisfaction which
was used here.

Regarding functional outcome and disability, the functional
independence score, the GOS-E, and employment outcome
appeared to be significantly related with several cognitive testing
scores, and with the DEX and the BICoQ (patient and relative
ratings). The strength of correlations fell in the moderate range
(0.4 to 0.6). These findings are globally in accordance with pre-
vious studies on cognitive predictors of return to work (34,41,42)
and with the Allanson et al. (13) meta-analysis and suggest that
neuropsychological tests, particularly of speed of processing and
verbal memory, are quite strong predictors of functional outcome,
whatever the measure chosen. In addition, the current findings
also suggest that cognitive questionnaires either rated by the
patient himself and/or by a close relative, also significantly predict
functional outcome, thus raising questions regarding the assump-
tion that patients with severe TBI lack awareness of their persist-
ing impairments. Actually, the present results suggest that, at least
in the long-term, many years after the injury, patient’s subjective
accounts are not so far from their actual level of functioning.
Accordingly, in a previous study with the same cohort at an earlier
(4-year) stage, we found only relatively small (although statistically
significant) differences between patient’s and relative’s scores on
the BICoQ (32,43).

Additionally, we tested the relationships between neuropsy-
chological tests and self or proxy-rated questionnaires. While
there was only little significant correlation between the DEX-
patient and speed of processing, the BICoQ-patient score
appeared well correlated with many neuropsychological scores
(verbal memory and speed of processing). The relationships
between the DEX and neuropsychological measures have been
a matter of debate in the literature, with some studies reporting
positive findings, while others did not (44-4748). The present
study suggests that there seems to be quite little relationships
between the DEX and formal testing. This issue had not been
tested previously with the BICoQ, and the present results suggest
that this complaint questionnaire is relatively well related to
cognitive testing. Again here, patient’s scores surprisingly
appeared to be a stronger predictor of outcome than relative’s
scores.

Finally, the regression analysis showed that cognition had
a significant impact on functional outcome, above and beyond
the effect of demographic variables such as age and education,
and injury severity measures. Indeed, inclusion of the TMT-A

and of the DEX significantly increased the predictive value of
the model. It appeared that the TMT-A, which is a simple
measure of speed of processing, was the best single predictor
of functional outcome, in addition to education duration,
which is in accordance with previous research, which also
showed the profound effect of slowed information processing
on outcome after severe TBI. Influence of other factors, such as
genetic factors (APOE status) could not unfortunately be tested
in the present study. Moreover, we conducted additional ana-
lyses to compare patients with favorable outcome (upper
Moderate Disability and Good Recovery) with those with
unfavorable outcome (Severe and lower Moderate Disability)
after statistically controlling for education duration. Three
measures were found to be associated with significantly poorer
scores in the unfavorable group after control for education: the
TMT-A, and DEX- and BICOQ-relative scores. This again
suggests that these measures are the strongest predictors of
global disability.

The main limitation of this study is the relatively small
sample size, due to a high attrition rate. The attrition rate is
an important concern in all long-term longitudinal studies
such as the present one, and may be a source of bias. We had
previously addressed this issue in the whole PariS-TBI cohort
at different time points (1-, 4-, and 8-year post injury, attrition
rate being respectively 47%, 40% and 63.5%) (19,50). The main
reason for loss to follow-up was impossibility to achieve con-
tact due to erroneous or changed address, e-mail, and/or phone
number (respectively 42.4%, 20.2% and 54.2% of survivors at
each time point). Refusal to participate was very are at 1-year
(4.2% of survivors) but more frequent at 4- (14.7%) and 8-year
(9.3%). Other anecdotal causes (such as patients moving
abroad) were rare. Patients lost to follow-up were compared
to included patients on a wide range of measures. The two
groups did not significantly differ in terms of injury severity,
age nor gender. The trauma mechanism had a significant effect
at 1-year follow-up (non-accidental fall or aggression were
more often associated with loss to follow-up), although this
was not significant at later assessments. A poorer social and
educational status (unemployment before the accident, lower
vocational level, or shorter education duration) appeared to be
the most robust predictor of loss to follow-up, at each of the
three time points. In accordance with these previous findings,
patients included in the present study did not significantly
differ from lost-to-follow up patients in terms of injury sever-
ity, although there were significant differences regarding edu-
cation and pre-injury employment. To minimize the risk of
bias in statistical analyses, we included education duration in
the regression model to assess the independent effect of cogni-
tion on functional outcome.

However, the relatively small sample size raises concerns
regarding non-significant comparisons, which could indeed
be due to alack of statistical power, particularly after statistical
correction for multiple comparisons, which led us to consider
as significant only results with a p value lower than .01. It was
not possible, for clarity of presentation, to show all p values in
the tables presented here. However, the correlation coeffi-
cients (with 95%CI) provide a clear representation of the
effect-size of the relationships between the different variables,
and hence of their clinical, not only statistical, significance.



The threshold for statistical significance here was
a Spearman’s Rho above 0.30, corresponding to a moderate
effect-size. Correlations below such threshold, even if they
would have reached statistical significance with a larger sam-
ple size, would nevertheless be of questionable clinical
significance.

To conclude, this long-term follow-up study showed
that, at least up to eight years post trauma, neuropsycho-
logical measures, particularly slowed information proces-
sing speed, are significant indicators of functional
outcome in patients with severe TBI, while injury severity
measures appeared to be poorly related to outcome at this
stage.
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