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HIGHLIGHTS 

 This population-based study included 25,319 patients with traumatic brain 

injury (TBI) over an 18 year follow-up period. 

 194,049 control cases with head, but not brain, injuries were included, 

controlling for differences between injured and healthy demographics. 

 Patients with traumatic brain injury were 7.12 times more likely to die in the 

first month post-injury than head injured cases. 

 Patients with traumatic brain injury displayed similar post-injury survival to 

patients with head injury, over 18 years of follow-up. 

 Patients with TBI utilised more inpatient, outpatient, and intensive care 

resources than those with head injury 
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ABSTRACT 

Background 

It is unclear if traumatic brain injury (TBI) results in excess mortality compared with 

head injury without injury to neural structures (HI). Because TBI populations exhibit 

significant demographic differences from uninjured populations, to determine the 

effect of TBI on survival, it is essential that a similarly injured control population be 

used. We aimed to determine if survival and hospital resource usage differ following 

TBI compared with HI.  

Methods 

This retrospective population-based cohort study included all 25 319 patients 

admitted to a Scottish NHS hospital from 1997-2015 with TBI.  Participants were 

identified using previously validated ICD-10 based definitions. For comparison, a 

control group of all 194 049 HI cases was also identified. Our main outcome 

measures were hazards of all-cause mortality for patients with TBI, compared with 

those with HI, over the 18-year follow-up period; and odds of mortality at one month 

post-injury. Number of days spent as inpatients and number of outpatient attendances 

per surviving month post-injury were used as measures of resource utilisation. 

Results  

The adjusted odds ratio for mortality in the first month post-injury for TBI, compared 

with HI, was 7.12 (95% confidence interval [CI] 6.73-7.52; p<0.001). For the 

remaining 18-year study period, the hazards of morality after TBI were 0.93 (CI 0.90-

0.96; p<0.001). During the five-year post-injury period, brain injury was associated 

with 2.15 (CI 2.10-2.20; p<0.001) more days spent as inpatient and 1.09 times more 

outpatient attendances (CI 1.07-1.11; p<0.001) compared with HI. 

Conclusions 

Although initial mortality following TBI is high, survivors of the first month post-

injury can achieve comparable long-term survival to HI. However, this is associated 

with, and may require, increased utilisation of hospital services in the TBI group. 
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BACKGROUND 

Traumatic brain injury (TBI) is a common reason for admission to hospital, and the 

principal cause of death in children and young adults in high-income countries, 

including the UK, as well as some low-middle income countries.1-4 Many survivors 

suffer from long-term disability and psychosocial impairment, and have higher risk of 

both short- and long-term non-neurological morbidity and mortality compared with 

healthy controls.1,5-15 The long-term burden of neurodisability has been hypothesised 

to account for the increased risk of post-injury mortality from non-neurological 

disease, particularly from respiratory disease, following TBI, compared with 

uninjured controls, observed in some studies12,13. Risk factors for long-term mortality 

including male gender, and socioeconomic deprivation are overrepresented in injured 

populations, and so limited conclusions regarding the specific effect of neurological 

injury can be drawn studies using uninjured control populations. Furthermore, there is 

a paucity of population level data, with long-term follow-up13,16,17. It is therefore 

unclear whether TBI, which has been associated with both reduced self-reported 

access and increased costs of healthcare, results in reduced utilisation of hospital 

resources or excess long-term mortality compared with injuries without neurologic 

injury8,18,19. Understanding the long-term impact of TBI on survival and hospital 

resource usage is important for optimising outcomes, and to ensure the appropriate 

allocation of resources.  

The Information Services Division (ISD) of the National Health Service (NHS) in 

Scotland has collected administrative data for all hospital admissions and outpatient 

hospital attendances in Scotland since 1981. These data can also be linked to the 

Scottish General Register of deaths. In addition to a process of regular validation and 

accreditation, the diagnostic accuracy of these records has been externally validated in 

cross-sectional audit of all patients admitted to a neurosurgical services20. Sensitivity 

as well as accuracy have been confirmed in a separate neurological disease 
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population21-23. The majority of patients in Scotland, and virtually all patients 

presenting as emergencies, are treated in NHS hospitals24. Consequently, NHS 

administrative databases hold details of almost all hospital admissions due to head or 

brain injury in Scotland. The availability of these data presents an opportunity for the 

conduct of large, long-term, population-based studies of survival with minimal 

dropout25.  

The first aim of this study was to conduct a population-based analysis of long-term, 

all-cause mortality following TBI. We used patients who suffered head injuries, 

without evidence of brain injury (HI), as a comparison cohort. The use of an 

anatomical distinction between HI and TBI is pragmatic and clinically relevant as it 

can usually be determined on the basis of clinical assessment and readily available 

radiological assessment by computed tomography. On the basis of previous studies 

that demonstrated poorer short- and long-term survival following TBI, compared with 

healthy populations or mixed healthy and injured populations, we hypothesised that 

patients with TBI would have higher long-term mortality compared with patients who 

suffered HI. The second aim was to compare hospital resource usage between patients 

with TBI and those with HI. We hypothesised that patients with TBI would utilise 

more inpatient and outpatient health care resources. 

 

METHODS  

Study design and setting 

Population-based retrospective cohort study, conducted in Scotland, which has a 

population of 5.2 million.  

Data sources 

The ISD maintains Scottish Morbidity Records (SMR) by use of a unique national 

“community health index” (CHI) number, which allows patients to be tracked over 

time and location within Scotland.26 For each admission, a primary diagnosis, and up 

to five subsidiary diagnoses are recorded and coded using the World Health 

Organisation’s International Classification of Diseases. Until 1997, ICD-9 was used. 
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Since then, ICD-10 has been employed. Death records in Scotland utilise ICD-10 

diagnostic coding and are maintained by the National Records of Scotland.  

Case definitions 

All patients admitted to a Scottish hospital with “TBI” – defined using ICD-10 codes, 

as described by Chen (2011) and Kristman (2014) – were identified27,28. Patients 

meeting these criteria were classified as having TBI, and were assigned to the “TBI” 

group, regardless of any other injuries sustained. All patients who had been admitted 

with any other ICD-10 code relating to injuries to the head, and none of the TBI 

codes, were classed as having a head injury (HI). The case definitions and their ICD-

10 codes are summarised in Supplementary Table 1.  

Inclusion and exclusion criteria 

We included all patients meeting criteria for TBI or HI, who were admitted to an NHS 

hospital in Scotland between 1 April 1997 and 1 September 2015. The dataset was 

closed on 1 September 2015. A lookback was conducted to identify and exclude 

patients with previous head injury or TBI, between 1 Jan 1981 and 31 March 1997 

(Supplementary Table 1). For the resource utilisation analysis, a subgroup of patients 

admitted between 1 April 1997 and 1 September 2010 were used. 

Variables 

The index admission was the first admission with HI or TBI. For each episode, the 

following data were extracted: month and year of birth and death; gender; date of 

admission; date of outpatient attendance; main condition on admission and other 

recorded conditions; cause of death; use of intensive care unit (ICU); a marker of 

continuous inpatient stay, to indicate where multiple admissions to different services 

occurred during a single admission; and Carstairs and Morris 2001 census deprivation 

index quintile for patient’s home postcode at index admission29. Follow-up was from 

date of index admission until death or closure of the dataset. Age categories were 

created as per the US Centres for Disease Control (CDC) National Centre for injury 

prevention and control classification of TBI30. Death registry data were linked to the 

index admission.  
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Outcomes 

The primary outcome was all-cause mortality. Secondary outcomes for our subgroup 

analysis of five-year hospital resource usage were the number of days spent as a 

hospital inpatient divided by number of surviving months post-injury (inpatient days 

per surviving month), number of outpatient attendances divided by number of 

surviving months post-injury (outpatient attendances per surviving month), and 

whether the patient was admitted to an ICU.  

Statistical methods 

Data analysis was conducted using SPSS Statistics for Windows v22.0 (IBM Corp, 

Armonk, New York, 2013). Univariate analysis was conducted using the Mann-

Whitney U test and the χ2 statistic for non-normally-distributed continuous and 

categorical data, respectively.  

Survival analysis 

Survival was calculated in months, rounded up to the nearest integer. We described 

cumulative, censored survival using Kaplan-Meier curves. These demonstrated that 

the highest death rate occurred over the first month post-injury in all groups. One-

month mortality was greater in the TBI group than in the HI group. Following this, 

the curves indicated similar and constant rates of mortality. Cox regression analysis of 

survival for the whole period including the first month would therefore violate the 

assumption of proportional hazards, and separate multivariable analyses were 

conducted to model survival for the first month post injury, and survival for the rest of 

the study period after surviving the first month. Binomial logistic regression and Cox 

proportional hazards models were developed for the first month post-injury, and the 

remainder of the study period from month two onwards, respectively. These models 

were adjusted for gender, Carstairs and Morris index of deprivation (most deprived 

quintile versus other), the presence of other injuries (below the neck) at index 

admission, and age at index admission30, which are established risk factors for 

mortality, independent of injury status. We also adjusted for interaction between 

gender and deprivation, which have been suggested to play a role in healthcare 

inequality31.  Two sensitivity analyses were conducted. The first utilised the same 

regression model as described above but with exclusion of all patients with 
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extracranial injuries identified on index admission. The second again utilised the same 

regression model but with patients with concussion – defined as ICD-10 code S06.0 – 

excluded, or where a further diagnostic code for TBI or HI was identified on index 

admission, reassignment to the relevant group. For both survival analyses, exclusion 

criteria were applied equally to both HI and TBI groups.  

Resource utilisation  

For each patient, the total number days spent as inpatient and the total number of 

outpatient attendances was calculated during the five years post-injury. We selected a 

five year follow-up period for all patients in this analysis, rather than variable follow-

up from injury until study closure as in the survival analysis. This is because resource 

utilisation requires analysis of multiple, yet varying in number, time-dependent 

events. This sort of data is not suitable for modelling by cox-regression. Conversely, 

multiple events occurring during a fixed period can be subject to linear regression. 

For each patient, these figures were divided by the total number of surviving months 

to yield number of days as an inpatient per surviving month and number of outpatient 

attendances per surviving month. These outcomes were skewed and so the natural 

logarithm of each was calculated, yielding a normal distribution of residuals. These 

outcomes were modelled using linear regression with adjustment for age, gender, 

deprivation and the presence of injury below the head. For interpretation of these 

analyses, the natural exponent of β [exp(B)] was calculated and is presented. This 

geometric mean represents the relative difference in number of inpatient days or 

relative difference in number of outpatient attendances per surviving month 

associated with each independent variable. ICU admission during the five years post-

injury were analysed using binary logistic regression modelling. Sensitivity analysis 

with exclusion/reassignment of patients from both groups with concussion was 

conducted as described in our survival analysis. 

Permissions and registration 

This study’s protocol was approved by the NHS National Services Scotland 

(registration number: XRB14179) Patient Advisory Committee proportionate 

governance review board, which determined that ethical approval was not required 

and that the potential benefits of sharing these anonymised data with the research 
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team via secure NHS SafeHaven without obtaining direct patient consent outweighs 

the low risk of potential harms.   
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RESULTS 

Baseline characteristics 

We identified 25 319 patients with TBI and 194 049 with HI. Deprivation data were 

not available for 2693 patients (1.4%) and gender was not recorded in two cases. 

Patients with missing data were dropped from regression models. The baseline 

characteristics are summarised in Table 1. Notably, the proportion of men was greater 

in the group who had suffered TBI (68.9%) than HI (63.2%, p<0.001) and more 

patients in the TBI required admission to ICU (9.6% vs 0.6%, p<0.001). The most 

common primary diagnoses for each group are detailed in table 2 and supplementary 

table 2. 

Survival analysis: TBI vs. head injury 

Overall, 62 720 deaths were recorded; 8089 in the TBI group (68.1% survival) and 

54 631 in the HI group (71.4% survival).  6148 deaths occurred in the first month 

post-injury; 2653 in the TBI group and 3495 in the HI group. The most common 

primary causes of death for each group are listed in Table 2 and supplementary table 

2. 

Cumulative survival was poorer in TBI than HI across the entire study period (Figure 

1A). However, comparison from month two onwards was similar (Figure 1B). 

Analysis of one-month post-injury survival demonstrated statistically significantly 

increased odds of mortality in the TBI group compared with the HI group (OR 7.12; 

95% confidence interval [CI] 6.73-7.52; p<0.001), and for patients with additional 

injuries below the head and in older age groups (Table 3). A statistically significant 

interaction between gender and deprivation was detected, indicating lower odds of 

mortality for males in the most deprived quintile.  

We next modelled survival over the 18-year follow-up period for those patients who 

survived the first month (Table 3). This analysis demonstrated that, for patients who 

did not die in the first month, TBI was associated with reduced hazards of mortality 

(HR 0.93; 95% CI 0.90-0.96; p<0.001). Similarly, the presence of additional injures 

below the head, and male gender, were also associated with reduced hazards of 

mortality. A statistically significant interaction between gender and deprivation 
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indicated that males from deprived backgrounds were at increased long-term hazards 

of mortality. Deprivation and older age were associated with increased long-term 

mortality. 

Sensitivity analyses 

As extracranial injuries were unexpectedly associated with increased long-term 

survival in the long-term model of survival in our initial analysis of all included 

patients (table 3), we conducted a sensitivity analysis by excluding patients with these 

injuries, resulting in a change in the magnitude of some of the results, but not the 

direction of effect (Supplementary Figures 1A and B; Supplementary Table 3.  

11% of the TBI group comprised patients with concussion. This potentially 

represented a different pathology, with better outcomes and less resource use, from 

the other common causes for admission in the TBI group. We therefore conducted a 

further sensitivity analysis by excluding patients with isolated concussion from 

analysis and reassigning those with concussion and other head or brain injury to their 

relevant groups (Supplementary Figures 2A and B; Supplementary Table 4). The odds 

ratio for mortality in the TBI group rose from 7.12 to 8.11 (CI 7.67-8.58; p<0.001) in 

the first month and from 0.93 to 0.97 (CI 0.94-0.997; p=0.031) thereafter. The risks of 

mortality associated with the other covariates at one month and at all time points 

thereafter changed minimally. 

Resource utilisation 

To ensure full five-year follow-up for our resource utilisation analysis, patients 

admitted after September 2010 were excluded from this analysis. The remaining 

subgroup for resource utilisation analysis included 144 751 patients in the HI group 

and 18 332 in the TBI group. The baseline demographic data for both groups are 

comparable to the survival analysis (Table 4). In the univariate analysis, TBI was 

associated with increased length of stay during the index admission, as well during 

subsequent admissions, and an increased proportion of patients requiring admission to 

an ICU during the five-year period (Table 4).  

Multivariable analysis of this subgroup demonstrated that, with adjustment for age, 

gender, deprivation and the presence of injuries below the head, patients with TBI 

utilised 2.15 times more inpatient days per surviving month (CI 2.10-2.20; p<0.001), 
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1.09 times more outpatient attendances (CI 1.07-1.11; p<0.001) and had 5.22 times 

greater odds of subsequent ICU admission (CI 4.95-5.51; p<0.001), relative to 

patients with head injury (Table 5). High deprivation was associated with increased 

inpatient days and outpatient attendances but a smaller chance of ICU admission. 

Patients with additional injuries below the head utilised more inpatient days and were 

more likely to be admitted to an ICU, but attended fewer outpatient clinics than those 

with isolated TBI or HI. 

Sensitivity analysis with exclusion of concussion codes resulted in an increase in the 

relative use of hospital resources associated with TBI compared with HI but minimal 

change in the magnitude of the associations of the other covariates (Supplementary 

Table 5). 

 

DISCUSSION 

Principal findings 

This population-based study, which reports on more than 25 000 patients with TBI, is 

– to our knowledge – the largest published study of survival and resource utilisation 

following TBI to date. We used patients with HI as a comparator group. This is 

important as previous studies have compared post-TBI survival against healthy8,12,14,17 

or mixed healthy and injured populations13. Extracranial injury itself is a risk factor 

for long and short-term mortality and frequently complicates TBI32. Furthermore, 

young male patients of low socioeconomic status are over represented in HI and TBI, 

compared with healthy populations32,33. These factors influence long-term survival 

and therefore, to determine the independent effect of brain injury on survival, it is 

necessary that a similarly injured comparator group be used. Our analysis 

demonstrates that, as expected, the odds of one-month mortality were greater 

following TBI than HI. However, following this, based on a long period of follow-up, 

survival of the two groups was similar. Indeed, survival was slightly better for 

survivors of the first month following TBI. The most common causes of deaths 

following the immediate post-injury period did not appear to be causally related to the 

injury and were similarly distributed to the causes of death for the overall Scottish 
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population34. Our study further shows that TBI was associated with increased use of 

hospital services in the first five years post-injury, compared with head injury. Of 

note, patients with TBI were particularly reliant on inpatient and critical care services, 

spending more than twice as many days in hospital, and being over five times more 

likely to require an ICU admission than their head injured counterparts.  

Interpretation and implications for clinicians and policymakers 

These findings are in line with those of smaller studies, which have demonstrated that 

the additional risk of mortality associated with TBI is greatest in the first months 

following injury, and that the hazards of mortality fall with time post-injury13,16,17. 

Being population-based, our study is highly generalisable. As the risk of non-

neurological morbidity is persistently elevated beyond the early post-brain injury 

period, compared with the general population,12,35 it is interesting that excess long-

term mortality was not observed in our TBI cohort compared with our HI cohort. One 

explanation for our findings is that TBI, which resulted in more early deaths, selected 

for a physiologically fitter cohort who went on to suffer less subsequent illness. The 

high mortality associated with acute TBI might trigger intensive initial management 

and follow-up, consuming greater hospital resources and resulting in rapid detection 

and treatment of comorbidities. This “healthy survivor” effect could account for the 

observed small long-term survival benefit associated with TBI.36 An alternative 

explanation is that patients with head injury without overt neurological injury 

received less intensive initial management and/or follow-up. This could account for 

the lower level of resource utilisation in this group, as well as the observed lack of 

anticipated survival advantage in the HI group, compared with TBI.  

It is important that clinicians making treatment decisions for patients with TBI 

recognise that survivors of the first month following TBI can achieve equivalent long-

term survival to that of non-neurologically head-injured patients. However, our results 

suggest that these outcomes may be contingent on comprehensive hospital follow-up, 

and a readiness to admit to inpatient and critical care services when required. Patients 

who have survived beyond one-month following TBI should therefore not be denied 

access to services on the basis of concerns regarding poor long-term survival. 

Policymakers and local authorities should take steps to ensure that barriers to access 

to unscheduled care for brain-injured patients are minimized18 and that 
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comprehensive regular long-term community follow-up is available to detect and 

prevent disease at an early stage37. It is important to note that, as several previous 

studies have previously described, patients who have sustained TBI or HI are 

vulnerable to subsequent illnesses and have higher mortality compared with uninjured 

populations.8,12,14,17 Our findings are in line with these and emphasise the importance 

of careful follow-up of all victims of injury, particularly during the early phase of 

TBI.  Conversely, our study also facilitates the counselling of patients and their 

families of the high risk of death in the first month following a TBI and treatment 

decisions may be tailored appropriately.  

Unanswered questions  

It is uncertain why men from highly deprived areas have lower risk of early death in 

our analysis. One explanation is that males from deprived backgrounds are more 

likely to present following relatively minor injuries. This has been previously 

described in Scottish head-injured populations and is supported by our resource 

utilisation analysis which demonstrated more hospital attendances but fewer ICU 

admissions in patients from deprived backgrounds33. The presence of injury below the 

head was associated with lower odds of long-term mortality. As with TBI, injury 

below the head may generate a selection pressure such that survivors of the initial 

injury are more resilient to ill health.36 Conversely, it is possible that for some cases, 

the injury below the head was the most significant injury and the head or brain injury 

secondary, although this explanation is not supported by our sensitivity analysis. 

Limitations 

Case acquisition utilised a sensitive definition of TBI 27,38. However, specificity has 

not yet been demonstrated and consequently it is likely that some cases of head injury 

with no, or minimal, neurological injury have been included in our TBI group. 

Although assignment of diagnostic codes is applied independently, using standardises 

processes, by NHS National Services clinical coding staff and is subject to internal 

and external validation, it is not possible to rule out that trends in documentation of 

diagnoses by front line clinical staff could have resulted in misassignment of patients 

to HI or TBI groups.20-24 In particular, brain injury without radiological evidence of 

structural injury, “minor” brain injury and concussion are clinically ill-defined and 
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diagnostic strategy varies widely.39 This could reduce the observed effect of brain 

injury on survival and partly account for the lack of long-term excess mortality 

observed in the TBI group. However, use of a sensitive definition of TBI ensures that 

few cases of neurological injury would be wrongly assigned to the HI group. 

Furthermore, our sensitivity analysis with exclusion of concussion did not 

demonstrate any reversal of direction of our findings, thus providing evidence of our 

findings’ resilience to misassignment of patients with “minor” brain injury.   

Over an 18-year follow-up period, and particularly in older patients, age-associated 

risk of mortality is dependent on time since injury, irrespective of injury site. We 

therefore considered age according to broad age categories as per US CDC 

convention, in our statistical models.30 However, by doing so the analysis is limited 

with regards to detecting association between injury type and old age. For example, 

we are unable to determine whether survival following TBI compared with HI in 

patients aged 90 is worse than for those aged 70. The mechanisms and consequent 

injury patterns change with age and the impact of HI on survival might be relatively 

greater with increasing age.40 Conversely, it is possible that patients with a 

background of age-related cognitive decline exhibit reduced cognitive reserve and 

consequently relatively worse survival than HI. As the mean age of presentation to 

hospital with TBI is increasing, the effect of older age on survival and resource usage 

following HI and TBI should not be overlooked.41 A dedicated and contemporary 

analysis of these factors might be of value to clinicians and health economists. 

We did not have access to comorbidity data, and the administrative dataset that we 

used does not include measures of injury severity. The Scottish Trauma Audit Group 

collects such data. However, in addition to a decade-long period without data 

collection, several hospitals do not contribute to the audit42. Consequently, it was not 

possible to stratify cases by injury severity, extracranial injury severity, neurological 

status, or pre-injury comorbidity, which are important determinants of survival and 

resource utilisation following head and brain injury1,43-45. This is therefore a 

significant limitation to our study. Nonetheless, anatomic descriptions of brain injury 

– as utilised by the ICD-10 – are frequently used clinically to prognosticate, inform 

patient selection and determine management strategy, both acutely and in the longer 

term. The greatest limitation of our study is that it only considers mortality and 
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resource utilisation, rather than functional outcomes and quality of life. Equivalent 

long-term survival does not equate to normal function, and further analysis of injury 

severity correlated with long-term functional outcomes and quality of life is 

warranted.  

 

CONCLUSIONS 

TBI is associated with greater mortality in the first month following an injury, 

compared with HI. This increased risk of mortality is not sustained beyond the initial 

injury. TBI is associated with a two-fold increase in inpatient stay, over a five-fold 

increase in chance of admission to an ICU and a modest increase in the number of 

hospital outpatient attendances in the five years post-injury. Survivors of the first 

month following TBI can achieve equivalent long-term survival but require additional 

hospital resources compared with patients with HI.  
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Figure LEGEND 

 

Figure 1: Cumulative survival in the HI and TBI groups. Censoring occurred 

when follow-up was incomplete at closure of dataset. A: Survival including first 

month post-injury. B: Survival excluding first month post-injury 
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Table 1: Baseline characteristics . † Chi-Squared; ‡ Mann-Whitney U; IQR 

interquartile range 

  HI Group TBI Group p 

  n (%/IQR) n (%/IQR)  

Number of patients  194049  25319   

Length of follow up to death or study closure, median, months 
(interquartile range) 

33 (11-71) 13 (13-60) <0.001‡ 

Number of deaths during study period 54631 (28.6) 8089 (31.9)  

Number of deaths during first month 3495 (1.8) 2653 (10.5)  

Univariable analysis Male 122580 (63.2) 17434 (68.9) <0.001† 

 Age (years)     0.013‡ 

 <25 42577 (21.9) 4871 (19.2)  

 25-44 50506 (26.0) 6713 (26.5)  

 45-64 37067 (19.1) 5719 (22.6)  

 >64 63899 (32.9) 8016 (31.7)  

 Age of death in years (IQR) 82 (69-89) 76 (61-85) <0.001‡ 

 Most deprived quintile 50773 (26.5) 6426 (25.8) 0.047† 

 Injury below head 34246 (17.6) 4982 (19.7) <0.001† 

 Intensive Care Unit admission 1091 (0.6) 2434 (9.6) <0.001† 
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Table 2: Principal diagnosis on admission and primary cause of death excluding 
death occurring <1 month 

 HI Group TBI Group 

  n 
(%/IQ
R) 

 n (%/IQR) 

Number of patients  194049   
253
19 

 

Length of follow up to death or study closure, months 
(interquartile range) 

33 
(11-
71) 

 13 (13-60) 
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Main condition on index 
admission 

Unspecified injury of face, 
ear or nose 

67456 (34.8) Traumatic subdural haemorrhage 
450
3 

(17.6) 

 
Superficial injury of head, 
unspecified 

16554 (8.5) Concussion 
279
1 

(11.0) 

 
Open wound of other parts 
of head 

14375 (7.4) Fracture of base of skull 
240
4 

(9.6) 

 Fracture of nasal bones 13523 (7.0) Diffuse brain injury 
191
2 

(7.5) 
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 Open wound of scalp 12127 (6.2) Intracranial injury, unspecified 
176
6 

(7.2) 

Primary cause of 
death  

Acute myocardial infarction, 
unspecified 

3586 (7.0) 
Acute myocardial infarction, 
unspecified 

347 (6.4) 

 Unspecified Dementia 2584 (5.1) 
Malignant neoplasm of 
bronchus/lung, unspecified 

229 (4.2) 

 
Chronic ischaemic heart disease, 
unspecified 

2226 (4.4) Unspecified Dementia 223 (4.1) 
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Stroke, not specified as 
haemorrhage or infarction  

1997 (3.9) 
Stroke, not specified as 
haemorrhage or infarction  

201 (3.7) 

 
Malignant neoplasm of 
bronchus/lung, unspecified 

1852 (3.6) 
Chronic ischaemic heart disease, 
unspecified 

192 (3.5) 

 

  

ACCEPTED M
ANUSCRIP

T



 27 

Table 3: Regression analysis of mortality at one month and Cox regression for 
those surviving the first month. Odds ratio (OR) and Hazard ratio (HR) are for 
mortality and associated with independent variable compared with comparator 
variable (listed). 
 Odds ratio (OR) for mortality at 1 month  Hazard ratio (HR) for mortality at >1 month 

 OR 95% CI p OR 95% CI p 

HI Reference     

TBI 7.12 (6.73-7.52) <0.001 0.93 (0.90- 0.96) <0.001 

Female Reference     

Male 1.10 (1.03-1.17) 0.003 0.98 (0.96-0.998) 0.035 

Not most deprived         

Most Deprived 1.00 (0.92-1.10) 0.933 1.09 (1.06-1.12) <0.001 

Age (years)                                  <25 Reference     

25-44 1.30 (1.10-1.54) 0.002 3.06 (2.87-3.26) <0.001 

45-64 3.63 (3.12-4.21) <0.001 11.67 (10.98-12.39) <0.001 

>64 15.56 (13.57-17.84) <0.001 56.29 (53.10-59.67) <0.001 

Injury below the head absent Reference     

Injury below the head present 1.20 (1.13-1.28) <0.001 0.90 (0.88-0.92) <0.001 

Most Deprived & male gender 
interacting variable 

0.83 (0.73-0.95) 0.005 1.07 (1.03-1.11) 0.001 
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Table 4: Baseline data and univariate analysis of resource utilisation subgroup. 
† Chi-Squared; ‡ Mann-Whitney U; IQR interquartile range 

  HI Group TBI Group p 

   n (%) n (%)  

Number of patients  
 1447

51 
 

183
32 

  

Demographics Male gender 
 9414

4 
(65.0
) 

129
84 

(70.
8) 

<0.00
1† 

 Age (years) <25 
 3427

5 
(23.7
) 

386
5 

(21.
1) 

<0.00
1‡ 

 25-44 
 4066

0 
(28.1
) 

535
8 

(29.
2) 

 

 45-64 
 2766

5 
(19.1
) 

416
8 

(22.
7) 

 

 >64 
 4215

1 
(29.1
) 

494
1 

(27.
0) 

 

 Most deprived quintile 
 3904

6 
(27.0
) 

496
6 

(27.
1) 

0.780
† 

 Injury below head 
 2546

5 
(17.6
) 

344
7 

(18.
8) 

<0.00
1† 

Univariable analysis of resource utilisation and deaths 
 

n 
(%/IQ
R) 

   

 Total number of hospital admissions 
 5544

70 
 

722
05 

  

 Median number of admissions per patient during study period 
Median 
(IQR) 

2.0 (1-4) 2.0 
(1-
3) 

<0.00
1‡ 

 Median length of index admission (days) 
Median 
(IQR) 

2 (1-3) 4 
(2-
13) 

<0.00
1‡ 

 
Median length of stay for all admissions during study period 
(days)  

Median 
(IQR) 

3 
(1-
11) 

5 
(2-
20) 

<0.00
1‡ 

 Total number of Intensive Care Unit admissions  4888  
299
6 

  

 ≥1 Intensive Care Unit admission during study period n (%) 4164 (2.9) 
253
2 

(13.
8) 

<0.00
1† 

 
Median number of admissions to Intensive Care Unit over study 
period per patient 

Median 
(range) 

0 
(0-
41) 

0 
(0-
6) 

<0.00
1‡ 

 Total number of outpatient attendances  
7613
12 

 
988
00 

  

 Median number of outpatient attendances per patient 
Median 
(IQR) 

3 (1-7) 3 
(0-
7) 

0.050
‡ 

 Total number of deaths n (%) 
4597
8 

(31.8
) 

640
5 

(34.
9) 

 

 Median age at death (years) 
Median 
(IQR) 

81 
(67-
88) 

75 
(59-
84) 

<0.00
1‡ 
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Table 5: Multivariable analyses of resource utilisation in 5 years post-injury.  
Exp(B): geometric mean of relative difference in number of inpatient days or 
outpatient attendances during the 5-year post-injury period compared with 
comparator group. OR: odds ratio for intensive care unit admission during the 5-
years post-injury. Independent variables and comparator variables listed. 

 

Relative difference in inpatient 

days per surviving month 

(geometric mean) 

Relative difference in outpatient 

attendances per surviving month 

(geometric mean) 

Odds ratio of ≥1 intensive care unit 

admission during 5 year post-injury 

period 

 Exp(B) 95% CI p Exp(B) 95% CI p Exp(B) 95% CI p 

HI Refere

nce 
     

   

TBI 2.15 (2.10-2.20) <0.001 1.09 (1.07-1.11) <0.001 5.22 (4.95-5.51) <0.001 

Female Refere

nce 
       

    

Male 0.83 (0.82-0.85) <0.001 0.85 (0.84-0.86) <0.001 1.28 (1.21-1.36) <0.001 

Not most deprived Refere

nce 
       

    

Most Deprived 1.15 (1.13-1.16) <0.001 1.10 (1.08-1.11) <0.001 0.90 (0.85-0.96) <0.001 

Age (years)             

<25 
Referenc
e 

       
    

25-44 1.37 (1.34-1.40) <0.001 1.20 (1.19-1.22) <0.001 1.28 (1.18-1.38) <0.001 

45-64 2.89 (2.83-2.96) <0.001 1.47 (1.44-1.49) <0.001 1.95 (1.81-2.11) <0.001 

>64 16.38 (16.04-16.71) <0.001 1.76 (1.73-1.79) <0.001 1.13 (1.05-1.23) 0.002 

Injury below the head 

absent 

Refere

nce 
       

    

Injury below the head 

present 
1.06 (1.04-1.08) <0.001 0.90 (0.89-0.92) <0.001 1.38 (1.29-1.48) 

<0.001 
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