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Abstract
Objectives  To identify risk factors for poor outcome one year post-mild traumatic brain injury (mTBI).
Design  This study was a prospective observational study using consecutive adult hospital admissions with mTBI.
Subjects  A total of 869 consecutive mTBI patients were enrolled in this study.
Methods  All patients were reviewed by the specialist TBI rehabilitation team at six weeks and one year following mTBI. 
Demographic and injury data collected included: age, gender, TBI severity and Glasgow Coma Scale (GCS). At twelve 
months, global outcome was assessed by the Extended Glasgow Outcome Score (GOSE) and participation restriction by the 
Rivermead Head Injury Follow-up Questionnaire (RHFUQ) via semi-structured interview. An ordinal regression (OR) was 
used to identify associated factors for poor GOSE outcome and a linear regression for a poor RHFUQ outcome.
Results  In the GOSE analysis, lower GCS (p < 0.001), medical comorbidity (p = 0.027), depression (p < 0.001) and male 
gender (p = 0.008) were identified as risk factors for poor outcome. The RHFUQ analysis identified: lower GCS (p = 0.002), 
female gender (p = 0.001) and injuries from assault (p = 0.003) were variables associated with worse social functioning at 
one year.
Conclusion  mTBI is associated with a significant impact upon the physical health and psychosocial function of affected 
individuals. The results of this study demonstrate that differences in mTBI outcome can be identified at twelve months post-
mTBI and that certain features, particularly GCS, are associated with poorer outcomes.
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Introduction

Traumatic brain injury (TBI) is a worldwide public health 
concern due to its high incidence, often referred to as a 
“silent epidemic” [31]. It is associated with severe mor-
bidity and mortality worldwide, resulting in extensive 
healthcare expenditure [24]. Mild traumatic brain injuries 
(mTBIs) account for the vast majority of cases of TBI with 
a reported incidence of 300 per 10 [41] population [7, 40, 
41]. Furthermore, this figure may represent an underesti-
mation as a significant proportion of mTBIs do not engage 
with healthcare services [7]. Despite often being thought 
of as a relatively innocuous diagnosis, mTBI is associated 
with a profound impact on the physical, mental health and 
quality of life of patients throughout both the acute and 
chronic phase following the injury. Whilst the healthcare 
expenditure of mTBI remains lower compared to severe TBI, 
it is reported to account for up to $13,564 (US dollars) per 
patient within the first twelve months post-injury [32]. The 
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majority of the expenditure is associated with acute hospital 
admission; however, a significant proportion is related to the 
ongoing rehabilitation required beyond twelve months [32]. 
The elevated incidence of mTBI in addition to the signifi-
cant healthcare burden emphasises the importance of early 
identification of risk factors for poor outcome and prompt 
intervention to ameliorate patient outcome.

Cognitive deficit, emotional lability and physical health 
complaints including but not limited to headache and fatigue 
account for the majority of the symptomatic burden within 
the first 72 h following mTBI [4, 23]. Throughout the first-
month recovery, common persistent features include head-
ache, fatigue, sleep disturbance and emotional distress [23, 
27, 43]. The majority of the symptomatic burden post-mTBI 
resolves within the first three months [27, 43]. However, a 
significant proportion of mTBI patients suffer from persis-
tent cognitive deficit and poor neuropsychological outcomes 
in addition to physical post-concussion symptoms when 
compared to controls beyond the first three months of recov-
ery [34, 45]. Moreover, the insidious onset of new symp-
toms and functional deficit within the first twelve months is 
reported, with deficits in general health and quality of life 
in some cases persisting beyond ten years post-injury [45].

The underlying cause of poor outcomes in mTBI is multi-
factorial. Numerous patient demographics, injury and clini-
cal factors have been associated with a detrimental impact 
upon patient outcomes. A key factor remains mTBI severity. 
The Glasgow Coma Scale (GCS) is the most frequently used 
measure of TBI severity, where scores of 13–15 are classi-
fied as “mild”. Despite being classified as “mild injuries”, 
increasing injury severity (lower GCS) within the mTBI 
population (GCS 13–15) is associated with poorer outcomes 
post-mTBI [11]. Furthermore, other injury severity scores 
including the Abbreviated Injury Severity Scale (AIS) cor-
roborate the findings that increasing injury severity within 
the mTBI patient population demonstrates a detrimental 
impact upon long-term outcomes [37]. However, contrasting 
reports indicate that the evidence of intracranial pathology 
on CT imaging at the time of the injury is associated with 
a detrimental impact upon mTBI outcomes irrespective of 
GCS score at the time of the injury [6, 18]. Other key risk 
factors for poor outcome following mTBI include gender, 
age, lower educational status and evidence of emotional 
distress at the time of the injury, increasing post-traumatic 
amnesia (PTA) duration and pre-existing neuropsychiatric 
complaints [1, 15, 17, 43].

The objective of this prospective observational single-
centre study was to assess the association of a number of 
demographic and injury factors on mTBI outcome at twelve 
months post-injury, with particular interest in admission 
GCS.

Methods

This prospective observational study was conducted with the 
specialist neurosciences department of the Sheffield Teach-
ing Hospital (STH) Trust. The study population was derived 
from the Sheffield Brain Injury after Trauma (SHEFBIT) 
cohort. The SHEFBIT cohort encompasses all adult patients 
over the age of 18, admitted to the Sheffield Teaching Hos-
pital Trust with a diagnosis of TBI between 2010 and 2017. 
Paediatric patients are not included within the SHEFBIT 
cohort as they receive care in a different hospital within 
the region. A diagnosis of TBI was made by the Common 
Data Elements criteria [30]. The SHEFBIT cohort is fully 
representative of adult TBI patients with regard to: patient 
demographics, injury aetiology, socioeconomic status (SES) 
and injury severity. The patient cohort used within this study 
was limited to patients who received a diagnosis of mTBI 
which was defined as a GCS score on admission of 13–15. 
In line with the United Kingdom (UK) National Institute for 
Health and Care Excellence (NICE) guidance for manag-
ing TBI, patients should be admitted for observation if their 
GCS has not returned to 15 regardless of negative imaging 
investigations.

All patients within the study population were reviewed 
with 24 h of their admission following TBI. During this ini-
tial review, key injury and demographic data were collated. 
All study participants were then reviewed twice within a 
specialist neurorehabilitation clinic throughout the twelve-
month observational period. The first follow-up appointment 
took place at six weeks, with a final review at twelve months 
post-injury. Demographic data including age, gender, eth-
nicity and zip (postal) code were recorded. In addition to 
demographic factors, clinical data including GCS at the time 
of injury, aetiology and a review of CT imaging at the time 
of the injury were recorded. The Trauma Audit and Research 
Network Classification (TARN) criteria were used to define 
aetiology. This classifies TBI aetiology as: Fall, Road Traffic 
Collision (RTC), Assault, Sport Injuries and Other (includ-
ing falls greater than 2 m, etc.) [22]. A record of alcohol 
intoxication at the time of injury was taken from the medi-
cal admission record. Employment history was taken from 
the medical notes. With regard to this study, employment 
history was classified as employed (including students in 
full-time education) and unemployed. A full employment 
history allowed for an assessment of socioeconomic class 
using the United Kingdom (UK) Office of National Statistics 
Socio-Economic Classification (NS-SEC) [8]. The NS-SEC 
comprises eight levels according to work type. With regard 
to this study, a ninth level was added to account for full-
time students. Ethnicity was recorded as a binary outcome: 
White and non-White. An assessment of pre-existing medi-
cal comorbidity was conducted using the Cumulative Illness 
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Rating Scale (CIRS) where a threshold of a score > 10 was 
used to establish significant medical comorbidity [16]. The 
need for Home Support prior to injury, including residential 
care and a formal package of care, was recorded as a binary 
outcome.

All study participants underwent CT imaging at the time 
of admission. All CT scans were assessed using a binary 
assessment, “no abnormality detected” or “abnormal CT 
Scan”. “Abnormal CT Scan” was an umbrella term used to 
identify any CT scan with an evident abnormality includ-
ing skull fractures, cerebral contusions and intra-cerebral 
haemorrhage. A diagnosis of depression was recorded for 
patients who scored greater than eight on the Hospital Anxi-
ety and Depression Scale (HADS), measured at 12 months 
post-mTBI.

A secondary review was conducted at twelve months 
post-injury, and outcome data were generated at this time 
point. Two outcome measures were used: the Extended Glas-
gow Outcome Scale (GOSE) and the Rivermead Head Injury 
Follow-up Questionnaire (RHFUQ). The GOSE remains the 
primary measure of global outcome following TBI, classify-
ing outcome into eight categories: Death, Vegetative State, 
Severe Disability (Upper and Lower), Moderate Disability 
(Upper and Lower) and Good Recovery (Upper and Lower) 
[44]. GOSE outcome was generated using a semi-structured 
interview within the specialist neurorehabilitation clinic. 
The RHFUQ provides a measure of psychosocial function 
or participation restriction in patients following brain injury 
(previously called Handicap). The RHFUQ generates a score 
out of 40 points, where an increasing score is representa-
tive of worse psychosocial function [10]. The RHFUQ is a 
widely validated tool for assessment of outcome post-TBI 
[10].

Statistical analyses were conducted using the Statistical 
Package for Social Sciences (SPSS) 25. Initial univariate 
analyses were conducted to assess baseline correlations 
between patient demographics (age and gender), clinical fac-
tors (TBI aetiology, severity and CT identified pathology) 
and outcome measures at 1 year (GOSE and RHFUQ). Fur-
thermore, t-tests were conducted between GCS at the time 
of injury, grouped (GCS 13 + 14 vs 15) and age. An ordinal 
regression (OR) was generated to assess the predictive fac-
tors of GOSE score at twelve months post-mTBI. Within the 
OR, GOSE score was grouped as Death, Vegetative State, 
Severe Disability (Upper and Lower) as one outcome group 
with the remaining groups assessed separately. This change 
was made as the vast majority of mTBI make a good recov-
ery with the poorer outcomes relatively unexpected. A linear 
regression (LR) was used to assess the predictive factors of 
RHFUQ score. The RHFUQ does not allow for assessment 
of patients who died throughout the first twelve months. 
Therefore, an adjusted patient cohort of 833 survivors was 
used for RHFUQ analysis.

This study was conducted within the STH under the 
ethical approval of both the Sheffield Hospital Trust (ref: 
STH16208) and the University of Sheffield Ethics Commit-
tee (ref: 008,315).

Results

A total of 869 individuals with mTBI were recruited into 
the SHEFBIT cohort between 2010 and 2017. A total of 
21 patients were lost to follow-up throughout the twelve-
month study period. A further 15 patients died within the 
first year post-TBI. As the GOSE includes an outcome for 
death, the final study population within the GOSE analy-
sis encompassed 848 individuals; however, as the RHFUQ 
does not facilitate an assessment of participants who died, 
final cohort in the RHFUQ model includes 833 individuals. 
Median age was 39 years (interquartile range 25,54). The 
majority of participants were male (65.0%) and identified 
as “White British” (93.4%). The final patient demographics 

Table 1   Patient Demographics

Number of Patients (%/Range)

Total Number of Patients 848 (100)
Median Age (Years) 39 (Interquartile Range 25,54)
Median Length of Stay (Days) 2 (1–94)
Gender
  Male 551 (65.0)
  Female 297 (35.0)

Ethnicity
  White British 792 (93.4)
  Non-White British 56 (6.6)

TBI Aetiology
  Fall 326 (38.4)
  Road Traffic Collision 223 (26.3)
  Assault 153 (18.0)
  Sport 65 (7.7)
  Other 81 (9.6)

GCS on Admission
  13 130 (15.3)
  14 256 (30.2)
  15 462 (54.5)

Abnormality on CT head
  No 540 (63.7)
  Yes 308 (36.3)

Significant Medical Comorbidities
  Yes 638 (75.2)
  No 210 (24.8)

Intoxicated at time of Injury
  No 659 (77.7)
  Yes 189 (22.3)
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and initial injury data are presented in Table 1. The study 
cohort seemed representative of all TBI with regard to aeti-
ology, with Falls the most common cause (38.4%), followed 
by RTC (26.3%), Assault (18.0%), Other (9.6%) and Sport 
(7.7%). With regard to TBI severity, GCS 15 at the time of 
injury accounted for the majority of cases (54.5%), followed 
by GCS 14 (30.2%) and GCS 13 (15.3%). The majority of 
participants (63.7%) had a normal CT head at the time of 
presentation. Median inpatient length of stay was 2 days 
(range 1–94 days).

In terms of the GOSE, the majority of study par-
ticipants (57.6%) of patients made a “Good” recovery 
at twelve months, with over a third of the total patient 
cohort (34.8%) making full recovery (“Good Upper”). 
The full distribution of GOSE outcome at twelve months 
is detailed in Table 2. Within the final study population, 
mean RHFUQ score was 7.94 (SD 8.33). As the RHFUQ 
is unable to assess participants who were dead at twelve 
months, an analysis was conducted between the RHFUQ 
final patient population and those excluded from the analy-
sis; the only significant difference between the groups was 
age.

Independent t-tests between grouped GCS (GCS13 + 14 
vs 15) demonstrated that there was no significant difference 
between groups with regard to age (p = 0.912). Moreover, 
there was a statistically significant relationship between 
lower admission GCS and increased incidence of CT pathol-
ogy at the time of the injury (p =  < 0.01) and increased like-
lihood of alcohol intoxication at the time of injury (p < 0.01). 
There was no significant relationship between grouped GCS 

score and pre-existing medical comorbidity (p = 0.984). The 
results of the univariate analyses are displayed in Table 3.

In univariate analysis, grouped GCS had a statistically 
significant relationship with GOSE score at 12 months 
(p < 0.01) and RHFUQ score (p < 0.01).

The primary outcome measure used in this study was 
GOSE at twelve months post-injury, and an ordinal regres-
sion (OR) was used to assess the risk factors associated with 
poor GOSE outcome. Within the OR model, significant 
relationships were found between GOSE score and GCS 
(p < 0.001), significant medical comorbidity (p = 0.027), 
male gender (0.008), and depression (p < 0.001). There 
were no statistically significant relationships between 
age (p = 0.791), alcohol intoxication at the time of injury 
(p = 0.053), initial employment (p = 0.207) ethnicity 
(p = 0.300), aetiology (p = 0.188), social class (p = 0.982) 
and CT abnormality (p = 0.514). This model was highly 
significant (p < 0.001), -2 log likelihood value was 2642.30, 
Chi-squared value was 4440.96 and Nagelkerke pseudo-R 
[24] value was 0.196 (Table 4).

A linear regression (LR) was conducted to assess fac-
tors associated with higher RHFUQ score, therefore 
worsening psychosocial function, at twelve months. Sig-
nificant relationships were found between RHFUQ score 
and GCS (p = 0.002), Female gender (p < 0.001), Depres-
sion (p < 0.001), Assault aetiology compared to Falls 
(p = 0.003) and Assault aetiology compared to Sports inju-
ries (p = 0.035). No significant association was demonstrated 
with: Ethnicity (p = 0.609), Age (p = 0.671), CT abnormal-
ity (p = 0.354), Alcohol intoxication (p = 0.483), Signifi-
cant medical comorbidity (p = 0.790), Assault aetiology vs 
RTC (p = 0.534), Other causes (p = 0.546), Home Support 
(p = 0.215) and Initial Employment (p = 0.280). The LR 
was highly significant (p < 0.001) with an adjusted R-square 
value of 0.510 (Table 5).

Discussion

The primary aim of this single-centre, prospective observa-
tional study was to assess the impact of admission GCS on 
outcome of mTBI at twelve months. An additional aim was 
to identify other risk factors associated with poor mTBI out-
come. Outcome was determined with both a global measure 
of function (GOSE) and a measure of psychosocial function 
(RHFUQ). This was a very large prospective study with a 
very low attrition rate (2.4%) at 1 year achieved by persistent 
attempts at follow-up. The demographic data are representa-
tive of the mTBI population including a predominance of 
male patients (64.98%), high number of falls, majority of 
participants with a normal CT head (63.7%) and presenting 
with GCS 15 (54.5%) [27, 40, 41, 43]. The primary meas-
ure of mTBI outcome was conducted using the GOSE at 

Table 2   Glasgow Outcome 
Scale Extended (GOSE) at 12 
Months Post-TBI

GOSE Score Number 
of Patients 
(%)

Dead 15 (1.8)
Vegetative State 0 (0.0)
Severe Lower 3 (0.4)
Severe Upper 55 (6.5)
Moderate Lower 137 (16.2)
Moderate Upper 150 (17.7)
Good Lower 193 (22.8)
Good Upper 295 (34.8)

Table 3   Grouped GCS univariate analyses

* Emboldened results indicate p-value < 0.05

Variable Chi-Squared Value DF p-Value

CT Abnormality 115.037 1  < 0.001
Medical Comorbidity 0.004 1 0.948
Alcohol Intoxication 46.082 1  < 0.001
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twelve months. Around a third of patients made a complete 
recovery within the twelve-month follow-up period. This 
is a slightly lower prevalence compared to the UPFRONT 
study, where 56% of cases were reported to make a complete 
recovery [43]. However, we only enrolled mTBI patients 
who were admitted to hospital, compared to the UPFRONT 
study where 39% of patients were not hospitalised second-
ary to their injuries and had a far lower incidence of CT 
abnormality 15% compared to 36% within this study. These 
differences may account for the disparity between our results 
and those of the UPFRONT study.

For both the GOSE OR model and the RHFUQ LR 
model, lower admission GCS was associated with poorer 
mTBI outcome. Within the context of mTBI, lower GCS 
has previously been reported with poorer outcomes [11]. 
Moreover, with regard to overall TBI outcome and predict-
ing mortality, classifying TBI injuries with GCS of 13 as 
“moderate” rather than “mild” produces statistical models 
with a greater predictive outcome in TBI [13, 29]. This 

demonstrates that the disparity in outcomes within the mTBI 
patient population may be addressed by a re-classification of 
injuries, which may facilitate more appropriate intervention 
and follow-up, ameliorating patient outcomes.

Other literature has focussed upon other measures of 
mTBI severity including CT scan abnormality, duration of 
post-traumatic amnesia (PTA), Abbreviated Injury Sever-
ity Score (AIS) and LOS [15, 37]. CT abnormality, often 
referred to as “complicated” mTBI, is associated with a 
detrimental impact on both short- and long-term mTBI 
outcome [6, 18]. However, it is known that abnormalities 
on CT are associated with lower GCS (13/14) score [18]. 
This was confirmed in this study, where GCS 13 + 14 inju-
ries demonstrated an increased incidence of CT pathology. 
This relationship may explain why CT abnormality was 
not an associated factor for either GOSE or RHFUQ. The 
relationship between admission GCS and CT abnormality 
may result in the discrepancies reported between different 
studies regarding the relative importance of either GCS or 

Table 4   Ordinal regression with 
GOSE as dependent variable

GCS = Glasgow Coma Score
GOSE = Extended Glasgow Outcome Score
* Emboldened results indicate p-value < 0.05

Variable Estimate S.E Odds Ratio Confidence Inter-
val (95%)

p-Value

GCS Score -0.899 0.143 0.407 0.308 0.539  < 0.001

Age -0.001 0.004 0.999 0.991 1.007 0.791
CT Abnormality -0.093 0.143 0.911 0.689 1.206 0.514
Medical Comorbidity 0.366 0.166 1.442 1.042 1.996 0.027
Alcohol Intoxication 0.331 0.171 1.392 0.996 1.948 0.053
Gender 0.379 0.143 1.461 1.104 1.933 0.008
Ethnicity 0.271 0.262 1.311 0.785 2.190 0.300
Initial Employment 0.269 0.231 1.309 0.862 1.988 0.207
Depression 1.108 0.186 3.028 2.102 4.362  < 0.001
TBI Aetiology
  i. Fall 0.307 0.233 1.359 0.861 2.149 0.188
  ii. Road Traffic Collision 0.221 0.240 1.247 0.780 1.996 0.356
  iii. Sport -0.106 0.260 0.899 0.541 1.496 0.684
  iv. Other 0.784 0.326 2.190 1.157 4.145 0.016
  v. Assault 0a

Social Class
  i. Lower Managerial 0.009 0.393 1.009 0.467 2.177 0.982
  ii. Intermediate Occupations -0.436 0.345 0.647 0.329 1.271 0.206
  iii. Small Employer -0.738 0.362 0.478 0.235 0.972 0.042
  iv. Lower Supervisory and 

Technical Occupations
-0.797 0.372 0.451 0.217 0.934 0.032

  v. Semi-routine Occupations -0.581 0.338 0.559 0.288 1.084 0.086
  vi. Routine Occupations -0.634 0.330 0.530 0.278 1.013 0.055
  vii. Never Worked -0.713 0.360 0.490 0.242 0.993 0.048
  viii. Student -0.799 0.437 0.450 0.191 1.059 0.067
  ix. Professional 0a
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CT abnormality when predicting mTBI outcome. Further-
more, study methodology may facilitate differences in study 
outcome. As commonly in mTBI studies, umbrella terms 
including “CT abnormality” or “Complicated mTBI” are 
used to encompass all CT injuries from bony to parenchymal 
injuries. The lack of differentiation of severity stratification 
of CT injury in mTBI may be responsible for the conflict-
ing reports of the impact of CT-identified abnormality upon 
mTBI outcome; it has been demonstrated that in particular 
intra-cerebral injuries, including number of haemorrhagic 
contusions, are associated with poorer mTBI outcome [19]. 
Moreover, the impact of CT abnormality may be overesti-
mated in studies which include both hospitalised and non-
hospitalised mTBI given the clinical need for periods of 
observation for patients with abnormal CT images. There is 
clear heterogeneity within mTBI presentation, clinical care 
and outcomes and a delineation between the hospitalised 
and non-hospitalised mTBI populations within study design 
may be required, as hospitalisation secondary to mTBI is a 
known risk factor for increased post-concussion symptoms 
following mTBI [42].

This study demonstrates the strong association of psy-
chiatric illness upon mTBI outcome. It is well documented 
that a previous psychiatric history, including depression, is 
a risk factor for poor global and symptomatic outcome post-
TBI [5, 20]. Moreover, it is known that increasing emotional 
distress at the time of TBI and throughout the early phase of 
recovery is associated with poor mTBI outcome [43].

We found no significant association of social class on 
mTBI outcome. There is great variation in the reported 
impact of social class and socioeconomic status (SES) upon 

mTBI outcome. The UPFRONT study, using educational 
level as a marker of SES, reports that an increased educa-
tional level infers a protective impact upon mTBI; others 
show no effect [36, 43]. The methodological differences 
between studies, with particular reference to the measure of 
SES, allow for great variation in results and therefore present 
difficulties in making comparisons between groups. Fur-
thermore, this study reports no difference in mTBI outcome 
with ethnicity. Whilst the pre-existing literature reports a 
detrimental impact upon outcomes secondary to ethnicity 
and race, this is associated with differences in health insur-
ance status [28]. However, it is difficult to make comparisons 
within the context of this study as the patient population is 
relatively homogenous (93% White British) in addition to 
taking place in a state-funded healthcare system rather than 
an insurance-based system.

This study also found no relationship between age and 
mTBI outcome in either model. Whilst age is a well-known 
risk factor for poor outcome following TBI, the impact of 
age on mTBI outcome remains unclear [26]. The UPFRONT 
study demonstrated that increasing age was associated with 
an improved recovery although this effect was found to 
interact with educational level, demonstrating the difficulty 
in isolating a single significant risk factor in mTBI [43]. 
However, the TRACK-TBI study failed to find a relationship 
between age and mTBI outcome [27].

Similarly, there was no association between alcohol intox-
ication and mTBI outcome, measured using either the GOSE 
or the RHFUQ. Within the pre-existing literature, there have 
been conflicting reports surrounding the “protective” impact 
of alcohol intoxication on TBI outcome [3]. However, this 

Table 5   Linear regression with 
RHFUQ as dependent variable

GCS = Glasgow Coma Score
RHFUQ = Rivermead Head Injury Follow-Up Questionnaire
RTC: Road Traffic Collision
* Emboldened results indicate p-value < 0.05

Variable B S.E Beta Confidence Interval (95%) p-Value

Gender 1.565 0.451 0.089 1.101 7.919  < 0.001

Ethnicity 0.423 0.826 0.013 0.679 2.451 0.609
Age 0.005 0.013 0.011 -0.020 0.030 0.671
Grouped GCS -1.425 0.457 -0.085 -2.321 -0.528 0.002
CT Abnormality 0.427 0.461 0.025 -0.477 1.331 0.354
Alcohol Intoxication 0.390 0.554 0.019 -0.698 1.478 0.482
Medical Comorbidity -0.142 0.533 -0.007 -1.187 0.903 0.790
Aetiology: Fall -1.919 0.642 -0.111 -3.179 -0.658 0.003
Aetiology: RTC​ -0.414 0.665 -0.022 -1.720 0.891 0.534
Aetiology: Sport -1.957 0.928 -0.063 -3.779 -0.136 0.035
Aetiology: Other -0.509 0.842 -0.018 -2.161 1.144 0.546
Home Support 0.530 0.426 0.031 -0.307 1.367 0.214
Initial Employment 0.630 0.638 0.028 -0.561 1.942 0.279
Depression 13.101 0.496 0.674 12.127 14.075  < 0.001
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“protective” impact is considered to be a manifestation of 
numerous conflicting factors, including an initial lower GCS 
score secondary to acute alcohol intoxication [14, 39]. The 
phenomenon is manifest in this study where acute alcohol 
intoxication was inversely related to GCS at the point of 
injury.

Medical comorbidity is known to be associated with 
poorer TBI outcome [17, 38]. An association was demon-
strated within the GOSE, but not within RHFUQ.

The role of gender in TBI outcome is debated although 
more studies find that women experience poorer global 
outcomes compared with men. However, the opposite has 
also been found [2, 12, 21]. Furthermore, with respect to 
specific TBI sequelae, in particular symptomatic outcome, 
it has been demonstrated that in the early phase of mTBI 
recovery, female gender is associated with greater symp-
tomatic burden, although no difference in return to work 
was found [1]. These results corroborate the findings in the 
RHFUQ model which demonstrates that female gender is 
related to an increased RHFUQ score inferring that female 
gender is associated with poorer social functioning at twelve 
months post-mTBI. However, in the primary GOSE analysis, 
male gender was associated with a worse outcome at twelve 
months. The discrepancy between the two outcome results 
may lie in the differences between the measures themselves. 
The RHFUQ is a linear measure which may facilitate assess-
ment of more subtle differences between groups, in this case 
gender. Furthermore, the heterogeneity of the mTBI popula-
tion and the interaction between numerous patient and injury 
factors provides great difficulty in predicting mTBI outcome.

Unemployment at the time of injury had a negative asso-
ciation on GOSE score but none on RHFUQ. This discrep-
ancy may be secondary to relationships between employ-
ment status and other known risk factors for poor TBI 
outcome. For example, patients of increasing age are less 
likely to be employed at the time of injury.

TBI aetiology and GOSE were not associated at twelve 
months. But in the RHFUQ model, an aetiology of assault 
was associated with worse outcome compared with falls and 
sports injuries. A potential explanation for this is that TBI 
aetiologies associated with increasing emotional distress at 
the time of injury, such as assault or road traffic collisions, 
are associated with poorer mTBI outcome [33, 43]. Further-
more, within the sensitivity binary logistic analysis using a 
binary GOSE outcome, assault again was found to be asso-
ciated with a negative impact upon outcome at 12 months.

Within this study, two statistical analyses were conducted 
using two different outcomes measures. The RHFUQ is a 
truly linear outcome measure used to assess psychosocial 
function, previously called handicap, whereas the GOSE 
is an ordinal measure of global function following TBI. 
Whilst a number of factors, including GCS, were found to 
have similar impacts upon both outcome measures, some 

discrepancies were found between the two models, in par-
ticular the impact of gender and underlying TBI aetiology 
on mTBI outcome. This is demonstrated in the pre-existing 
literature where the impact of gender upon outcome has been 
shown to produce conflicting results according to the out-
come measure used.

Key strengths of this prospective observational study 
include the large patient cohort and low attrition rate 
throughout the twelve-month study period. Furthermore, the 
SHEFBIT cohort is fully representative of adult hospitalised 
mTBI, with regard to age, underlying aetiology and injury 
severity. Whilst the majority of the patients within this study 
had an admission GCS score of 15, there is adequate spread 
of GCS score to make inferences regarding the impact of 
TBI severity within the context of mTBI. Moreover, all cases 
were managed within a single-centre specialist neurorehabil-
itation clinic resulting in good continuity of care and reduc-
ing inter-observer bias. Furthermore, due to the heteroge-
neous nature of mTBI outcome, underlying aetiology, risk 
factors and severity, producing robust statistical models with 
appropriate predictive power remains a difficulty. Within this 
study, both statistical models demonstrated high statistical 
significance with Nagelkerke scores of 0.19 and 0.51. Acute 
prognostic models looking mainly at severe TBI only predict 
around 0.25–0.35 of the variance, suggesting that most of 
the outcome after TBI still needs to be attributed to other 
factors [9, 25, 35].

In summary, mTBI encompasses a large heterogeneous 
population which accounts for the majority of all TBI [43]. 
The heterogeneity of the mTBI patient population with 
regard to demographics, injury factors, hospitalisation status 
and outcomes results in difficulty in making fully compre-
hensive statistical models to fully predict outcome. However, 
this study examined two different outcomes which demon-
strate the significant association of mTBI severity, gender, 
neuropsychiatric status and significant medical comorbidity 
upon twelve-month mTBI outcome.

Conclusion

Whilst the majority of mTBI patients make a good recovery 
within the first twelve months post-injury, a significant pro-
portion of those affected continue to have impaired global 
and social functioning at twelve months. Risk factors for 
worse outcomes at twelve months include: lower GCS at the 
time of the injury, significant pre-existing medical comor-
bidity, female gender and a diagnosis of depression. With 
regard to the classification of injury severity in TBI, the 
results of this study demonstrate that tangible differences 
in mTBI outcome can be measured at twelve months post-
mTBI between patients according to lower GCS.
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