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Strengths and limitations of this study

 ► This systematic review is the first systematic review 
that investigated the relationship between comor-
bidity, sociodemographic and clinical characteristics 
and all- cause mortality in populations with traumat-
ic brain injury (TBI).

 ► The Quality in Prognosis Studies tool was used to 
evaluate the quality of the available evidence.

 ► We acknowledge heterogeneity in the included stud-
ies, which demonstrate a great deal of variations in 
the populations studied, forms and types of comor-
bidities examined and the timing of mortality out-
come. As such, meta- analyses were not performed.

 ► Further studies on the effect of comorbidity on mor-
tality throughout the life course in patients with TBI 
are necessary.

AbStrACt
Objectives Comorbidity in traumatic brain injury (TBI) 
has been recognised to alter the clinical course of patients 
and influence short- term and long- term outcomes. We 
synthesised the evidence on the effects of different 
comorbid conditions on early and late mortality post- 
TBI in order to (1) examine the relationship between 
comorbid condition(s) and all- cause mortality in TBI and (2) 
determine the influence of sociodemographic and clinical 
characteristics of patients with a TBI at baseline on all- 
cause mortality.
Design Systematic review.
Data sources Medline, Central, Embase, PsycINFO and 
bibliographies of identified articles were searched from 
May 1997 to January 2019.
Eligibility criteria for selecting studies Included studies 
met the following criteria: (1) focused on comorbidity 
as it related to our outcome of interest in adults (ie, ≥18 
years of age) diagnosed with a TBI; (2) comorbidity was 
detected by any means excluding self- report; (3) reported 
the proportion of participants without comorbidity and (4) 
followed participants for any period of time.
Data extraction and synthesis Two independent 
reviewers extracted the data and assessed risk of bias 
using the Quality in Prognosis Studies tool. Data were 
synthesised through tabulation and qualitative description.
results A total of 27 cohort studies were included. 
Among the wide range of individual comorbid conditions 
studied, only low blood pressure was a consistent 
predictors of post- TBI mortality. Other consistent predictors 
were traditional sociodemographic risk factors. Higher 
comorbidity scale, scores and the number of comorbid 
conditions were not consistently associated with post- TBI 
mortality.
Conclusions Given the high number of comorbid 
conditions that were examined by the single studies, 
research is required to further substantiate the evidence 
and address conflicting findings. Finally, an enhanced 
set of comorbidity measures that are suited for the TBI 
population will allow for better risk stratification to guide 
TBI management and treatment.
PrOSPErO registration number CRD42017070033

IntrODuCtIOn
A traumatic brain injury (TBI), defined as ‘an 
alteration in brain function or other evidence 
of brain pathology, caused by an external 

force’,1 is a major public health concern and 
a leading cause of death and disability across 
the world.2 Globally, TBI is among the top 
three neurological conditions accounting 
for disability.2 Specifically, approximately 
50–60 million new TBI cases are estimated to 
occur annually.2 Over 200 per 100 000 indi-
viduals with TBI are admitted to European 
hospitals each year, with an average in- hos-
pital case fatality rate of 3%; in the USA, 
the average rate is 6.2%, and estimates indi-
cate that 1%–2% of the population live with 
disability caused by TBI.3 Among those who 
survive, injury- related physical and cognitive 
impairments are often lifelong. In addition 
to experiencing disabilities, the challenges of 
adjusting to changing roles and responsibili-
ties postinjury may result in exacerbation of 
pre- existing conditions or expedition of the 
development of new disorders and clinical 
clusters (ie, comorbidities), including but not 
limited to anxiety, mood, pain and cognitive 
disorders, thereby increasing the associated 
direct and indirect medical costs.4–6

Comorbidity in TBI has long been 
recognised to alter the clinical course of 
patients by affecting selection of both early 
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and long- term healthcare services postinjury, and hence 
influencing short- term and long- term outcomes.7–9 Recent 
timely initiatives have recommended that an assessment 
of comorbidities be included among the TBI population, 
which is extremely important, as the presence of comor-
bidity or multiple comorbidities in patients with TBI is 
common and has shown to be associated with all- cause 
mortality.10–13 In addition to comorbidities, advanced age 
and male sex have also been found to be associated with 
elevated TBI- related mortality rates.14 15 While a number 
of previous research studies have highlighted the types 
and number of comorbidities among patients with TBI,10 
there remains a paucity of evidence synthesis on the 
effects of different comorbid conditions on early and late 
mortality post- TBI, taking into account distribution of 
comorbidity across the age span and among sexes.

To address the highlighted research gaps, the primary 
objective of this systematic review was to: (1) examine 
the relationship between comorbid condition(s) and all- 
cause mortality in TBI and (2) determine the influence of 
sociodemographic and clinical characteristics of patients 
with a TBI at baseline on the development of adverse or 
beneficial outcome (ie, mortality or survivorship) across 
time.

MEthODS
The systematic review was conducted based on a previously 
peer- reviewed protocol registered with the International 
Prospective Register of Systematic Reviews and published 
in an open access journal.16 The presentation of the find-
ings was guided by the Preferred Reporting Items for 
Systematic Reviews and Meta- Analyses checklist.17

Search strategy
Due to the extensive number of studies identified within 
the searched databases, shifts in clinical classifications 
and TBI definitions during the past 20 years, and the 
limited empirical evidence regarding the impact of 
searching and inclusion of earlier works on systematic 
review findings,18 our search for relevant articles covered 
publication period from May 1997 to January 2019 within 
the following databases:
1. MEDLINE (including Medline in Process and other 

non- indexed citations, ePubs and Medline Daily).
2. Embase.
3. Cochrane Central Register of Controlled Trials.
4. PsycINFO.

Please see published protocol and online supple-
mentary file 1 for specifics on data searches and MeSH 
(Medical Subject Headings) terms used.16

Inclusion and exclusion criteria
Studies that were included met the following criteria: 
(1) focused on comorbidity as it related to our outcome 
of interest in adults (ie, ≥18 years of age) diagnosed 
with a TBI on the basis of predefined definitions within 
the study; (2) comorbidity was detected by any means 

excluding self- report; (3) reported the proportion of 
participants without comorbidity and (4) followed partic-
ipants for any period of time. Studies that fell into either 
of the following categories were excluded: (1) evaluated 
children or adolescents (ie, <18 years of age), (2) >50% of 
participants had pre- existing TBIs or severe comorbidity 
at baseline assessment and the subgroup with incident 
comorbidity could not be extracted independent of pre- 
existing cases. Furthermore, the following study designs/
formats were excluded: letters to editors, reviews without 
data, case reports or public reports, conference abstracts 
articles with no primary data, studies that focus on thera-
peutic interventions and theses.

Data extraction: selection and coding
Two researchers (CX and SH) independently screened 
study titles and/or abstracts and reviewed full texts of 
manuscripts to determine fulfilment of the inclusion 
criteria. Discrepancies in opinion were resolved through 
discussion with a third researcher (TM). A previously 
developed standardised form was used to assess study 
quality and synthesise study results from the included 
articles.19 Extracted information included the following: 
(1) study design, (2) study setting, (3) information of 
the study population and baseline characteristics, (4) 
attrition rates, (5) details of the definition(s) of TBI 
and comorbidity, (6) definition of outcome and timing 
of measurements, (7) the statistical approach used, (8) 
predictor variables included in the statistical model and 
(9) information for the assessment of the risk of bias. Two 
reviewers (CX and SH) extracted the data independently, 
and third reviewer (TM) directed the process, reviewed 
the quality of data extraction, and mediated a resolu-
tion in cases of disagreement by performing a separate 
assessment, and through follow- up discussions with two 
reviewers.

risk of bias (quality) assessment
The quality of each study was evaluated independently 
by two reviewers (CX and SH) using the Quality in Prog-
nosis Studies tool to assess risk of bias in studies of prog-
nostic factors.20 The assessment of each study quality 
consisted of the following steps: (1) assessment of seven 
categories of potential bias sources, including study 
participation, study design, study attrition, prognostic 
factor, outcome measurements, confounding measure-
ment and account, as well as, analyses; (2) grading the 
presence of potential biases in each category as ‘yes,’ 
‘partly,’ ‘no,’ or ‘unsure’ and (3) summarising the 
overall level of potential bias for each study where ‘++’ 
was assigned when all seven quality criteria were fulfilled 
(allowing one ‘partly’ in each bias category); ‘+’ was 
assigned when four to six criteria were fulfilled; ‘−’ was 
assigned when fewer than four criteria were fulfilled (ie, 
at least one ‘yes’ in each category). A retrospective cohort 
study design is weaker than a prospective, and therefore, 
‘++’ rating (if achieved) was degraded to ‘+’. Studies 
assigned ‘++’ were referred to as ‘high- quality studies’, 
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Figure 1 PRISMA diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta- Analyses; TBI, traumatic 
brain injury.

studies assigned ‘+’ were referred to as ‘moderate quality 
studies’’ and studies assigned ‘-’ were referred to as ‘low- 
quality studies’. Details on the process of quality assess-
ment are presented in online supplementary tables 1 
and 2. Disagreements between the two reviewers were 
mediated by a third reviewer (TM), who assessed the 
study’s quality independent of the two reviewers and 
followed up with a discussion.

Data synthesis
The included studies were synthesised through tabula-
tion and qualitative description.21 There was a plan to 
investigate the pooled effect on our outcome of interest 
for each group of comorbid disorders (a meta- analytical 
component of this review), if the data permitted. However, 
the high heterogeneity among the included studies, 
concerning study methodology (design- prospective and 
retrospective cohort), method of assessment of comor-
bidity, duration of follow- up, etc), population (age, sex, 
TBI severity, comorbidity type and severity and medica-
tion regimen, etc), as well as study settings (acute care, 
rehabilitation and community) ruled out meta- analysis.

Patient and public involvement
Patients and the public were not involved in this review.

rESultS
The searches yielded a total of 11 396 records, from which 
9100 records remained after the duplicates were removed. 
Of the 9100 records, 179 met the criteria for a full- text 
screen, of which 65 studies were included for the quality 
assessment. 38 of the studies were of ‘low’ quality and 
were excluded. Reasons for study exclusion with specific 
risk of biases are reported in online supplementary 
table 2. These studies were penalised because of biases 
on multiple levels, four or more out of seven criteria of 
biases. A total of 2722–48 studies, all of ‘moderate’ quality, 
were included for data analysis (figure 1).

Study characteristics
A summary of the included studies is presented in Table 1, 
online supplementary tables 3 and 4. Among the 27 
studies, 14 were population based23 25 26 28 29 33–37 40 41 44 45 
and 13 were clinical studies.22 24 27 30–32 38 39 42 43 46–48 Of 
the 14 population- based studies, all but one used a retro-
spective cohort design.29 Of the 13 clinical studies, four 
used a prospective cohort methodology22 27 39 43 and nine 
used a retrospective cohort methodology.24 30–32 38 42 46 
With respect to TBI severity, 10 studies included patients 
of all TBI severities,29 32 33 35–37 39 41 43 46 six studies 
included moderate and severe TBI cases,24 30 38 45 47 48 
and one study included patients with mild TBI.22 The 
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remaining 10 studies did not report information on TBI 
severity.23 25–28 31 34 40 42 44

Studied outcomes varied across the included studies. 
Eleven studies examined long- term (>30 days follow- up) 
all- cause mortality,25–29 31 32 35 42 43 45 15 studies examined 
short- term (≤30 days follow- up and/or in- hospital) all- 
cause mortality23 24 30 33 34 36–41 44 46 and 1 study examined 
long- term cardiovascular mortality.22

Comorbidity in patients with TBI has been measured 
using vario

hods including the Charlson Comorbidity Index 
(CCI),23 28 32 37 44 49 Elixhauser Comorbidity Index 
(ECI)35 36 41 50 and chronic comorbidity scores deter-
mined through pharmacy records.27 Two studies reported 
the association between comorbidity load and mortality 
by examining the number of comorbid conditions.26 39 A 
single study examined the relationship between the pres-
ence of any comorbidity and mortality.48 With respect to 
comorbidity groups and types, studies examined a wide 
range of mental and physical conditions. A full list of the 
comorbidities can be found in table 1.

relationship of baseline clinical characteristics and outcome
Select sociodemographic characteristics and outcome
Among the studies that included age within their final 
multivariate models, 14 found a significant relationship 
between increasing age and both short- term and long- 
term mortality,23 25 28 29 31–33 35 37 40 41 43–45 47 48 two studies 
did not identify any significant relationship30 46 and one 
study found an increased rate ratio of long- term mortality 
for the younger age groups compared with the older age 
groups (≥50 years of age).26 Effect sizes varied greatly as 
shown in table 1. The remaining eight studies did not 
report their findings on the association between age and 
mortality.22 24 27 34 36 38 39 42

With respect to sex, seven studies found a reduced risk of 
both short- term40 44 47 and long- term mortality28 29 35 45 and 
one study found an increased risk of long- term mortality 
among females.43 Six studies did not find any significant 
association between sex and mortality rates25 31 35 40 46 48 
and a single study demonstrated conflicting findings.23 
Eight studies did not report their findings on the rela-
tionship between sex and mortality.22 24 27 33 34 36 39 42 
Finally, several of the included studies also examined and 
reported the mixed relationships between race,23 29 31 35 41 
marital status,29 43 employment status,29 43 rurality23 40 41 as 
well as insurance status23 35 41 44 and mortality. Effect sizes 
varied greatly; details are shown in table 1.

Select injury characteristics and outcome
Out of the 12 studies that examined and reported on 
injury severity in adjusted multivariate analyses, all 
found a significant association between increasing injury 
severity and increase in both short- term30 33 37 41 46–48 and 
long- term26 28 35 44 mortality.31 We refer the reader to 
table 1 for effect sizes reported in individual studies. TBI 
resulting from falls,26 29 violence29 and all other causes26 
were found to be significantly associated with increased 
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risk of long- term mortality when compared with TBI from 
motor vehicle collisions. On the contrary, one study did 
not report any significant findings.31

relationship of comorbidity and outcome
Measures used and outcome
Adjusting for confounders, four of the five studies iden-
tified a varying effect size, but all significant association, 
between CCI and mortality after TBI23 28 32 44 (table 1). 
Among the three studies that used the ECI,35 36 41 two found 
significant association between all groups of comorbidities 
and increased short- term and long- term mortality rates,35 41 
with exception of the ‘other’ category, which was not signifi-
cantly associated with short- term post- TBI mortality.41 The 
final study that used the ECI found low sensitivity and spec-
ificity for prediction of short- term mortality.36

Comorbid condition load and outcome
Two studies evaluated the relationship between the 
number of comorbid conditions and mortality after 
TBI.26 39 The first study found no significant associations 
between the number of comorbid conditions and short- 
term mortality.39 Another study that investigated 1- year 
mortality found a significant relationship between having 
one or more comorbidities and long- term mortality.26 
One study examining the association of the presence of 
any comorbidity and short- term mortality did not report 
any significant findings.48

Comorbidity type and outcome
Among comorbidity groups, mental health disorders were 
the most commonly examined comorbid conditions, with 
seven studies examining its relationship with post- TBI 
mortality across varying severities.22 23 26 29 40 43 45 Effect sizes 
varied greatly (table 1). While one study found significant 
association between mental health conditions and post- TBI 
mortality,43 three others did not.26 40 45 Similarly, findings on 
individual mental health disorders were also mixed.

Five studies examined the role of epilepsy and stroke in 
predicting mortality post- TBI with varying results.27 40 43 45 47 
Epilepsy was found to be a significant predictor of long- 
term mortality post severe- TBI mortality45 but not short- 
term in- hospital morality.40 Stroke was found to be 
significantly associated with an increase in both short- 
term in- hospital and long- term mortality post- TBI across 
severities.27 40 43 with the exception of one study.47 We 
refer the reader to table 1 for specifics.

With respect to cardiovascular diseases, the two studies 
which examined this comorbidity found no significant 
association with short- term post- TBI mortality39 40 while 
four studies found significant associations between 
specific heart conditions and increases in both short- term 
and long- term mortality.22 33 36 47 Studies also reported 
conflicting findings for the role of hypertension in 
predicting short- term mortality among patients.33 40 46 All 
of the three studies that examined low blood pressure (i.e., 
hypotension) found significant associations with short- 
term mortality.34 47 48 Of the two studies that examined 

the association between cancer and short- term mortality, 
one reported significant findings33 while the other did 
not.47 When examining liver- renal disorders, studies 
found significant associations between liver cirrhosis, 
renal dialysis and increased long- term and short- term 
post- TBI mortalities, respectively.25 40 47 In addition, one 
study found significantly higher long- term mortality rates 
among individuals with liver cirrhosis and heart failure, 
hypertension and/or renal failure compared with those 
without.25 Finally, two studies examining diabetes found 
significant associations with increased short- term post- TBI 
mortality.40 46 while one did not.47 Among studies that 
examined stress- induced high levels of sugar, or glucose, 
in the blood (i.e., hyperglycaemia), two studies found 
significant associations with short- term mortality24 38 while 
a single study did not46 (table 1).

In addition to comorbidity groups, several studies 
examined the association between specific comorbid 
conditions and clinical signs and mortality. Among the 
comorbid conditions and co- occurring conditions, hypo-
glycaemia,38 disorders of the blood,47 coagulation (i.e., 
blood clotting) disorders33 and sepsis (i.e., systemic 
inflammatory response to infection)41 were significantly 
associated with increased short- term mortality, and spinal 
cord injury29 was significantly associated with decreased 
long- term mortality. On the other hand, smoking,46 
hyperlipidaemia (i.e., harmful cholesterol levels),40 
alcohol consumption46 and cerebral infarction30 were not 
found to be associated with short- term mortality. Similarly, 
having a previous head injury also did not predict long- 
term mortality.43 Finally, two studies examined the associ-
ation between alcohol and tetrahydrocannabinol (THC) 
exposure during injury and mortality postinjury among 
individuals with unknown TBI severities. While not indic-
ative of any comorbid conditions, these studies found 
reduced odds of mortality post- TBI for patients who are 
exposed to THC or alcohol at the time of injury.31 42

DISCuSSIOn
Given the large degree of heterogeneity in the charac-
teristics of each study population, the methods used to 
measure different types of comorbidity, as well as how 
the outcomes were defined and presented among the 27 
included studies, a meta- analysis could not be conducted.

relationship of baseline clinical characteristics and outcomes
Confounding effect
When examining the relationship between comorbidities 
and mortality, all studies adjusted their findings by base-
line sociodemographic and clinical characteristics of the 
patients with TBI. Specifically, all studies included age as 
a variable within their final adjusted models. All but four 
studies also adjusted their findings by sex and/or gender. 
Among the studies that did not include sex and/or gender 
as a confounder in the analyses, two excluded the variable as 
it was not significant in univariate analyses,26 32 one excluded 
the variable as it was neither clinically nor statistically 
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significant in bivariate analyses30 and one did not provide 
reason for exclusion.37 With respect to other confounders, 17 
studies included injury severity24 26 28 30 31 34–39 41 42 44 46–48 and 
seven studies included mechanism of injury23 26 29 39 40 42 48 as 
one of the confounding variables, respectively. Two studies 
adjusted their findings by the time since injury.29 38 A 
complete list of all the confounders included by each study 
can be found in table 1.

Select sociodemographic characteristics and outcome
In summary, several potential clinical characteristics that 
predict mortality among patients with TBI had been inves-
tigated. Concurrent with previous literature,51 52 most 
included studies found age to be significant predictor of 
mortality. However, given the higher expected death rate 
among the general older population, one study found the 
rate ratio to be generally lower for the older age groups 
(≥50 years of age) than that of the younger age groups 
(<50 years of age) in the TBI population.26 As such, it is 
important to consider the death rates among the general 
population when examining the influence of TBI and 
other conditions on mortality. While sex and gender had 
been known to show an influence on post- TBI recovery, 
such as functional and cognitive outcomes,53 54 find-
ings within the included studies were mixed, which is 
in line with the current lack of consensus on this topic. 
Additional demographic variables, such as race, marital 
status, employment status, rurality and insurance status, 
were also examined. However, given the limited number 
of studies and mixed findings in this review, it was not 
possible to determine the effects of these sociodemo-
graphic variables on mortality.

All studies that examined injury severity found increasing 
severity to be associated with increased short- term and 
long- term mortality postinjury, which was expected. The 
relationship between injury mechanism and mortality was 
also examined. However, studies used varying classifications 
when determining the risk of mortality from each form of 
injury mechanism. As such, future work should consider 
adopting a standardised classification of injury mechanism 
to enhance consistency and aid comparisons across studies.

Comorbidity measures and outcomes
As a validated comorbidity, the CCI was the most 
commonly used comorbidity scale among the included 
studies.49 Patients with TBI across all severities with higher 
scores on the CCI were found to be at higher risk of both 
short- term and long- term mortality. However, a study on 
older adults with TBI and short- term mortality reported 
contradictory findings.37 While the CCI had previously 
been validated in acutely hospitalised older adult popu-
lation,55 a literature search failed to reveal any validation 
studies on the TBI population. Hence, these conflicting 
findings could be attributed to the CCI’s limitations in 
describing the relationship between comorbidity and 
mortality within this specific population.

The ECI was another commonly used comorbidity scale 
across studies. However, the findings on the TBI population 

across all severities were mixed. Unlike the CCI, the ECI 
explicitly excludes causes of substantial comorbidity in 
elderly patients, including myocardial infarction and 
stroke.56 Hence, it may not capture the comorbidities expe-
rienced by older adults with TBI, which would account for 
the lack of association reported in the study. Therefore, 
modifications may need to be made to the ECI to enhance 
its ability to capture the full comorbidity profile of the TBI 
population, especially among older adults.

Comorbidity load and outcomes
The absolute number and/or presence of comorbidities 
had been found to be significantly associated with long- 
term26 but not short- term mortality.39 48 This suggested 
that comorbidities may have varying impact on mortality 
across the life span of an individual post- TBI. However, 
given the lack of specification on the types of comorbid 
conditions included in the comorbidity count, caution 
should be taken when making inferences on the influ-
ence of specific comorbidities on mortality,

Comorbidity type and outcomes
Mental health disorders
Among studies examining mental health disorders, find-
ings remained mixed. A single study found a significant 
relationship between anxiety, bipolar disorder, psychosis, 
depression and substance abuse and reduced short- term 
mortality.23 These findings highlighted an important 
methodology concern when establishing psychiatric diag-
noses among the TBI population. Specifically, psychiatric 
disorders may go unrecognised in patients with TBI who 
are unconscious at the time of hospitalisation.23 Given 
that these individuals who are conscious postinjury are 
more likely to survive, there is a potential for the rate of 
psychiatric diagnoses in those who survive to be bolstered, 
leading to the observed protective effect of psychiatric 
disorders on post- TBI mortality. As such, efforts should 
be taken to reduce the information bias by establishing 
preinjury psychiatric disorders among the TBI.

In addition, two studies found a significant association 
between exposures to alcohol and THC and reduced mortality. 
As these prior exposures are determined at time of injury, they 
were not indicative of any comorbid substance abuse. None-
theless, they provide insight on the potential neuroprotective 
effects of alcohol and THC on the brain at time of injury, 
which is in line with previous preclinical work.57 58

Neurological/nervous system disorders
In line with previous literature, epilepsy had been found 
to have a significant relationship with increased long- 
term mortality. However, the same relationship was not 
observed with respect to short- term mortality, which could 
be attributed to the chronic nature of the disorder.59 As 
such, it is important for postinjury services to take into 
consideration the complications that individuals with TBI 
and epilepsy may encounter throughout their healthcare 
trajectory. Stroke was found to be significantly associated 
with increases in both short- term and long- term mortality 
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post- TBI across all severities.27 40 43 with the exception 
of one study.47 Given that majority of the studies found 
significant associations, assessment for the presence of 
stroke aetiology at time of TBI is critical to enhance the 
management and mitigation of adverse outcomes associ-
ated with stroke comorbidity.

Cardiovascular disorders
Among studies that examined cardiac diseases, four 
studies22 33 36 47 observed a significant association with 
increased mortality. While studies that did not find any 
associations examined groups of cardiac- related condi-
tions, the four studies that found significant associations 
examined specific heart diseases and markers such as 
congestive heart failure, myocardial infarction and coro-
nary artery calcium levels. This suggests that specific 
cardiac conditions and biomarkers may play a role in 
influencing adverse outcome post- TBI and future work 
should focus on identifying these conditions.

Liver–renal disorders
Three studies examined the association between liver 
and renal disorders and mortality25 40 47 with one having 
explicitly considered the effect of multimorbidity and 
liver cirrhosis on short- long- term mortality. This is of 
importance as the cumulative effect of these diseases 
may lead to the complication of care for individuals with 
multiple comorbid conditions.60 Nonetheless, while all 
studies found significant associations between these 
disorders including liver cirrhosis and renal failure with 
the need for dialysis and increased long- term and short- 
term mortalities, respectively, the study setting was 
limited to patients in Asia (Japan and Taiwan). Given 
the different aetiologies of these disorders between 
societies in the East and West,25 there is a need to build 
on this preliminary evidence through further examina-
tions of these conditions in other study populations and 
settings.

Hypertension and Hypotension
While most studies examining hypertension did not find 
significant associations with mortality, one study found 
hypertension to be protective of short- term mortality 
among older adults with severe TBI.33 Previous research 
has found improved survival outcomes post- TBI among 
patients consuming beta- blockers, a commonly prescribed 
antihypertensive medication.61 Given the chronic nature 
and increasing prevalence of hypertension with age,62 
older adults are more likely to be using these medications 
compared with younger adults. As such, the consumption 
of beta- blockers may account for the decreased odds of 
short- term mortality among the hypertensive older adult 
TBI population found by the studies in our review.

A number of studies had established the relationship 
between low blood pressure and short- term mortality,34 47 48 
which highlights the importance of assessing the presence of 
hypotension at time of hospital admission in order to mitigate 
the potential risk of mortality among the TBI population.

Diabetes mellitus and stress-induced hyperglycaemia
While the association between diabetes mellitus and short- 
term mortality had been inconsistent,40 46 47 most studies 
examining the effects of stress- induced hyperglycaemia, 
a marker of oxidative stress and catabolic illnesses, iden-
tified a significant association with increased short- term 
mortality in patients with severe TBI except for a single 
study, which distinguished between patients with stress- 
induced hyperglycaemia and diabetes.46 While one study 
has differentiated between stress- induced and diabetic 
hyperglycaemia, they are not mutually exclusive catego-
ries as diabetic hyperglycaemic patients may have some 
degree of stress response invoking their hyperglycaemia.24 
As a result, further work to distinguish the various causes 
of stress- induced hyperglycaemia and their relationship 
with mortality is warranted.

Other disorders, injury, and symptoms and signs
In addition to the comorbidities examined by the multiple 
studies above, single studies also found comorbidities 
including hypoglycaemia,38 hematologic disorders,47 
coagulation disorders33 and sepsis41 to be significantly 
associated with increased short- term post- TBI mortality 
and spinal cord injury29 significantly associated with 
decreased long- term mortality. On the other hand, 
smoking,46 hyperlipidaemia,40 alcohol consumption46 
and cerebral infarction30 were not found to be associated 
with short- term mortality. Similarly, having a previous 
head injury also did not predict long- term mortality.43 
However, given the moderate quality of the studies and 
paucity of supporting evidence, these associations ought 
to be interpreted with caution.

risk of bias and study methodology
The study results depend on the quality of included 
studies, of which none were high quality based on the 
risk of bias assessment. Included studies were frequently 
penalised for being retrospective cohort studies, incom-
plete reporting when dealing with missing data and statis-
tical analysis. Although most studies performed some 
form of adjustment for confounders, this was often not 
described in detail. Most studies did not account for 
severity of the comorbidity under study, or whether or 
not the studied comorbidity was adequately controlled by 
medication, remained untreated or was treatment resis-
tant. In addition, many studies did not control for TBI 
severity. The lack of consistency in variables included in 
the modelling process (table 1) and details about inde-
pendency between included variables (ie, risk factors 
studied), restricts comparison between the studies.

Closer examination of discrepancies between studies’ 
results revealed a methodological difference between 
studies that observed a significant and non- significant 
association. To elaborate, most studies that employed 
administrative databases did not establish a signifi-
cant association between psychiatric disorders and 
mortality27 40 while most studies that used medical records 
did.22 43 While administrative data had previously been 
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found to agree with medical records for recording of 
comorbidities, there is a tendency for under- reporting 
of comorbid conditions in administrative data.63 As such, 
the association between comorbidities and mortality 
can be potentially masked by the reporting discrepancy. 
Together, these methodological inconsistencies among 
studies examined preclude conclusive inferences on the 
role of comorbidities on post- TBI mortality. Future efforts 
in this field can focus on performing in- depth exam-
inations of these relationships in order to substantiate 
evidence, which can inform decision- making and plan-
ning of healthcare strategies tailored for patients with 
TBI with these comorbid conditions.

limitations
We acknowledge heterogeneity in the included studies, 
which demonstrate a great deal of variations in the 
populations studied, forms and types of comorbidities 
examined and the mortality outcome. Moreover, various 
methodologies were employed among studies focusing 
on similar comorbidities and there were a lack of consid-
eration of the onset of these conditions with respect to 
TBI. As such, the estimates provided by each study could 
not be pooled together.

In addition, despite mortality being the most robust and 
reliable outcome,64 the unequal sex and age distribution 
among the primary studies may have affected the generalis-
ability of the estimates to the TBI population. TBI has been 
historically considered an injury of younger men and older 
women.65 As such, primary studies focusing on older adults 
have an over- representation of women and vice versa. While 
most studies attempted to account for sex and age distri-
butions within their regression modelling, there remains 
a possibility that comorbid conditions that mainly affect 
under- represented TBI individuals may not have been 
captured by the studies.

Most studies focused on multiple types or groups of 
comorbid conditions. However, the time frame of comor-
bidity determination was unclear. As such, it was not 
possible to determine if the conditions were pre- existing 
or had developed in conjunction with the TBI. Moreover, 
our assumption was that in the case where statistical signifi-
cance or the magnitude of an association was not reported, 
despite the inclusion of a variable in a statistical model, the 
association was not statistically significant. Thus, the roles 
of some comorbid conditions that were examined but their 
relationships were not reported could be underestimated 
in this review. Furthermore, patients who were treated and 
who were adherent to treatment for their comorbid condi-
tions may also have exhibited other health behaviours, 
which could lead to residual confounding.

COnCluSIOn
To the best of our knowledge, we conducted the first system-
atic review to investigate the relationship between comor-
bidity, and all- cause mortality in populations with TBI, taking 
into account sociodemographic and clinical characteris-
tics of persons with TBI. Overall, the evidence supported 

hypotension as a predictor for short- term mortality, and the 
evidence about other comorbidities and comorbidity load 
was mixed. Given the high number of comorbid conditions 
that were examined by single studies, research is required 
to further substantiate the evidence and address conflicting 
findings. In addition, an enhanced set of comorbidity scales 
that are suited for the TBI population will allow for better 
risk stratification to guide TBI management and treatment. 
Finally, given the trend towards big data analysis, future 
large population- based studies with long follow- up periods, 
a sufficient number of outcome events, a broad range of 
population demographic and clinical characteristics, and 
standardised measures used to define comorbidity (prein-
jury vs postinjury and severity) are needed to explore 
further the potential prognostic role of comorbidity in TBI 
mortality and enable comparisons across TBI populations.
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