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Impact of day-of-injury alcohol consumption on
outcomes after traumatic brain injury: A meta-analysis
J. L. Mathias and A. J. Osborn

School of Psychology, University of Adelaide, Adelaide, SA, Australia

ABSTRACT
Although a known risk factor for traumatic brain injury (TBI), alcohol has been found to
both promote and protect against secondary brain damage. However, it is presently
unclear whether the cognitive, psychological and medical/functional outcomes of
adults who have consumed alcohol prior to sustaining a TBI differ from those who
have not. This meta-analysis examined the outcomes of groups that differed in
terms of their day-of-injury (DOI) blood alcohol levels (BALs) by comparing positive
with zero BAL (BAL+/BAL-) and high with low BAL (BALhigh/BALlow) samples. The
PubMed, PsycINFO, EMBASE, and Scopus databases were searched from inception
until the end of March 2015. Hedge’s g effects (continuous data) and odds ratios
(categorical data) were calculated for 27 studies that compared either the outcomes
of BAL+ and BAL− groups or BALhigh and BALlow groups. BAL+ was associated with
significantly poorer cognitive outcomes (overall and on general tests) and higher
levels of disability, and BALhigh was associated with shorter stays in intensive care.
More generally, however, most effect sizes were small to low-moderate in size, non-
significant and inconsistent in their direction. Although DOI alcohol consumption
increases the risk of sustaining a TBI, it is not consistently associated with better or
worse outcomes, other than subtle cognitive deficits; the source of which remains
to be determined.
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Introduction

Alcohol consumption is a known risk factor for traumatic brain injury (TBI) (Chen, Yi,
Yoon, & Dong, 2012), with alcohol detected in 35–50% of all people who sustain a
TBI (Corrigan, 1995; Levy et al., 2004; Parry-Jones, Vaughan, & Cox, 2006; Weil, Corrigan,
& Karelina, 2016). Interestingly, however, both the likelihood of testing and the rates of
positive blood alcohol levels (BAL) have reportedly varied with age, gender, and both
the cause and severity of the TBI (Kraus, Morgenstern, Fife, Conroy, & Nourjah, 1989);
although this may have changed as random and mandatory drug/alcohol testing has
become more widely used in situations where TBI commonly occurs (motor vehicle
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accidents, sports, work-places) (Ferris et al., 2013; Pidd & Roche, 2014; WHO, 2014). Given
the high prevalence of positive BALs in the TBI population, it is important to know
whether or not, in addition to being a risk factor for TBI, day-of-injury (DOI) alcohol con-
sumption is related to outcome after a TBI.

Alcohol is a psychoactive drug that acts as a central nervous system (CNS) depress-
ant; the effects of which are related to BAL (Naranjo & Bremner, 1993), but are also
affected by a person’s tolerance (Bennett, Cherek, & Spiga, 1993). Behaviourally, these
CNS effects include motor impairments at a BAL of around 80 mg/dl (Sperry et al.,
2006), which is the legal limit for driving in many countries (WHO, 2014). Balance and
co-ordination are both affected at higher levels (e.g., 100 mg/dl), and amnesia or
coma can occur when BAL exceeds 200 mg/dl (Naranjo & Bremner, 1993; Vonghia
et al., 2008). Cognitive impairments are also evident – affecting attention, working
memory, planning and behavioural control (Oscar-Berman & Marinković, 2007) – with
diffusion tensor imaging revealing a variety of acute changes in the brain following
alcohol intake (Kong, Zheng, Lian, & Zhang, 2012). These effects may contribute to
the risk of sustaining a TBI while under the influence of alcohol, but do not explain
why, having sustained a TBI, outcomes may differ for those with a positive and negative
BAL. Rather, it appears that alcohol can affect some of the secondary pathophysiological
changes that occur after the initial biomechanical injury.

Post-traumatically, there are a number of mechanisms by which alcohol could
increase secondary brain damage (Asmaro, Fu, & Ding, 2013). For example, alcohol
may reduce cerebral blood flow (Alexander, Kerr, Yonas, & Marion, 2004) and/or the
by-products of alcohol metabolism can decrease the stability of the capillary mem-
branes and, in turn, increase the extent of the resulting injury (Christensen, Janson, &
Seago, 2001). Moreover, in animals, intoxication at the time of sustaining a mild TBI
has been associated with a slower resolution of neuro-inflammatory changes, albeit
without any delay in neurological and neurobehavioural recovery (Teng & Molina, 2014).

Alternatively, there is evidence to suggest that alcohol may be neuroprotective fol-
lowing a TBI, with the potential mechanisms for this effect largely identified using
animal models. For example, moderate alcohol intake has been found to reduce the
rate of apoptosis (programmed cell death) (Kanbak et al., 2013), inhibit N-methyl-D-
aspartate receptor (NMDA)-mediated excitotoxicity (Is et al., 2005; Türeci et al., 2004),
and reduce both systemic and neuro-inflammatory responses (Goodman et al., 2013;
Gottesfeld, Moore, & Dash, 2002) in rodents following TBI. Alcohol may also lower the
rate of glucose metabolism at the site of a cerebral contusion (Kelly, 1995) and/or
decrease the extent to which glucose metabolism (which increases) and cerebral
blood flow (which is reduced) become “uncoupled” following TBI (Kelly et al., 2000),
thereby reducing the amount of secondary damage. However, there is also evidence
to suggest that these neuroprotective effects may only be associated with low blood
alcohol levels, with higher levels having more deleterious effects (Kelly, 1995), further
complicating the issue.

In theory, there are multiple mechanisms by which DOI alcohol consumption could
increase or decrease the amount of secondary brain damage caused by a TBI which
may, in turn, impact on outcomes. However, it is not yet clear from the extant clinical
literature whether people who have consumed alcohol prior to their injury have
better or worse outcomes than those who have not. At a glance, the findings appear
quite disparate, with evidence that alcohol both decreases (e.g., Berry et al., 2010;
Berry et al., 2011; Raj et al., 2015) and increases (e.g., Chapital et al., 2007; Sparadeo &
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Gill, 1989) mortality rates, and is associated with a range of cognitive changes (Bombar-
dier & Thurber, 1998; Kaplan & Corrigan, 1992; Kelly, Lee, Pinanong, & Hovda, 1997;
Lange, Iverson, & Franzen, 2008; Wilde et al., 2004). Similarly, there are studies that
show no difference in outcomes (e.g., Alexander et al., 2004; Chen et al., 2012; Matsu-
kawa et al., 2013) and others that suggest that outcomes may be dose-dependent
(e.g., Tien et al., 2006), with alcohol potentially being neuroprotective at low to moder-
ate levels and neurotoxic at high levels (Chen et al., 2012; Tien et al., 2006). The interpret-
ation of these differences is complicated by the variety of outcome measures that have
been examined, differences in the samples that have been recruited (mild, moderate
and/or severe TBIs), and the time that has elapsed since the injury was sustained. More-
over, when samples are small, the research may be underpowered; thus, statistically
non-significant, but clinically meaningful, findings may be overlooked.

To date, there has only been one meta-analysis that has examined the effect of
alcohol consumption on mortality rates following moderate to severe TBI (Raj et al.,
2016). This study compared the mortality rates of BAL positive and negative TBI
samples drawn from 11 studies (1990–2013) and found that there were significantly
fewer deaths (in hospital or soon after) in those who were BAL positive at the time of
their injury (11% versus 12.3% in BAL negative group); a difference that remained
even after excluding heterogeneous findings. Unfortunately, this study combined
data from penetrating and non-penetrating TBI, which differ in terms of their frequency,
causes, injury mechanisms, neuropathology and outcomes (Bandak, Ling, Bandak, & De
Lanerolle, 2015; Santiago, Oh, Dash, Holcomb, & Wade, 2012) and, arguably, need to be
examined separately. Raj et al. (2016) also confined their interest to moderate and
severe TBI, and to a single outcome. Although this may be appropriate to the neurosur-
gical and intensive care context for their research, it did not consider mild TBI, which
accounts for the majority of cases (Cassidy et al., 2004), or other outcomes that are par-
ticularly relevant to those who survive their injury.

A quantitative review that focuses on non-penetrating TBI, examines a broader range
of outcomes, and includes the full spectrum of injuries (mild, moderate and severe TBI)
is now needed in order to understand what the collective research reveals, inform clini-
cal practice and identify issues that need to be researched to advance the field. Data
permitting, it may also provide an opportunity to examine whether there are variables
that mediate the relationship between BAL and outcomes (e.g., injury severity, history of
alcohol consumption). The current study therefore undertook a meta-analysis of
research that has compared the cognitive, psychological and functional outcomes of
adults who had a positive BAL when they sustained their non-penetrating TBI with
those who had not consumed alcohol prior to their injury. Research comparing high
and low BAL was additionally examined to capture a broader range of studies that
have looked at the potential impact of alcohol consumption prior to TBI.

Method

Literature search and inclusion criteria

The PRISMA guidelines were used in the design and reporting of the current meta-
analysis (Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement; Moher, Liberati, Tetzlaff, & Altman, 2009). A comprehensive search
of the research literature, published prior to the end of March 2015, was conducted
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using the PubMed, PsycINFO and Embase electronic databases under the guidance of
an expert research librarian (see Acknowledgements) (refer to Table A, Supplementary
materials for detailed search strategies). As a final step, SCOPUS was searched for
additional papers that had cited any of the studies that were meta-analysed.

All studies had to meet the following criteria in order to be included in this meta-
analysis: (1) participants were adults who had sustained a non-penetrating TBI, (2) the
research examined the impact of DOI BAL on outcomes after TBI, (3) an objective
measure of BAL was obtained soon after the TBI, (4) cognitive (e.g., memory, attention),
psychological (e.g., depression, anxiety), and/or functional/medical (e.g., Glasgow
Outcome Scale, length of hospital/intensive care stay, mortality rates) outcomes were
assessed, (5) data enabling the calculation of effect sizes were provided, and (6) the
research was published in a journal in English.

Penetrating TBI (e.g., gunshot wound) was excluded due to differences in the causes,
mechanisms and outcomes of these injuries (Ylioja, Hanks, Baird, & Millis, 2010). Partici-
pants aged 16 years and over were deemed eligible in order to accommodate the
minimum legal drinking ages adopted by different countries (WHO, 2014). Three differ-
ent study designs were suitable for inclusion, namely studies that: (1) correlated a
measure of BAL/alcohol consumption with outcome in a single TBI sample, (2) com-
pared the outcomes of either BAL positive (BAL+) and negative (zero alcohol; BAL−)
or high (BALhigh) and low (BALlow) BAL samples, or (3) compared the BAL levels of TBI
samples who were classified as having good or bad outcomes. In fact, no study used
the last of these three designs; consequently it is not considered further. Data could
be in the form of correlations (r, exact p-values or raw data) for the first of these
study designs and means/SDs (or t-test/one-way ANOVA statistics, exact p-values, or
raw data) for the second.

Studies were excluded if they were case-studies (Nparticipants = 1) or participants were
known/reported to have a history indicating a pre-existing unrelated medical (e.g., dia-
betes, cardiovascular disease), psychiatric (e.g., major depression, schizophrenia), or
neurological (e.g., stroke, dementia) condition that could independently affect outcome.

Data collection and preparation

Background demographic information (age, sex, education) and injury details (Glasgow
Coma Scale score, GCS, post-traumatic amnesia, PTA, loss of consciousness, LOC, cat-
egory of injury severity, time-since-injury) were extracted from each study, as were
details of the study design (single TBI sample or two TBI samples, BAL+/BAL− or
BALhigh/BALlow), measures of alcohol consumption (DOI unit of measurement and
when/where assessed; history of alcohol abuse) and outcome variables (category: cog-
nitive, psychological, functional; test name; scoring direction: higher scores = better/
worse outcome; variable type: continuous or categorical).

BAL, also termed blood alcohol/ethyl alcohol/ethanol concentration/content and
often abbreviated to BAC and ETOH, is measured in terms of either the mass of
alcohol per volume of blood (w/v) or mass of alcohol per mass of blood (w/w), with
the former being more commonly used and w/w being convertible to w/v. BAL by
volume is generally expressed as a percent or in terms of milligrams per decilitre
(mg/dl) (Jones, 2001). As a guide, BALs of either 0.05% (50 mg/dl) or 0.08% (80 mg/
dl) have been adopted as the legal limit for driving by many countries (WHO, 2014).
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All studies provided data in a form that allowed a comparison between BAL+/BAL−

and/or BALhigh/BALlow TBI samples. In the latter case, different cut-offs were used to
define high and low BAL, with most using 0.1% (100 mg/dl), but a small number
using slightly lower levels. A cut-off of 0.1% (100 mg/dl) was therefore used to assess
whether there were differences in the outcomes of BALhigh (≥ 0.1%) and BALlow (<
0.1%) samples, with the latter group potentially also including participants with a
zero BAL. Two studies that used other cut-offs were therefore excluded from the
study (mortality: Albrecht-Anoschenko, Uhl, Gilsbach, Kreitschmann-Andermahr, &
Rohde, 2005, used a 85 mg/dl cut-off; length of hospital stay: Christensen et al., 2001,
used a 80 mg/dl cut-off). Where studies provided data for multiple BAL categories
(e.g., 100–199 mg/dl and ≥ 200 mg/dl), the data were combined to form two groups
(BAL+/BAL− or BALhigh ≥ 0.1%/BALlow < 0.1%) (Alexander et al., 2004; Berry et al.,
2011; Hsieh et al., 2013; Vickery et al., 2008). Lastly, the GOS was scored using a dichot-
omous scale by some studies (good vs. poor outcome: scores 4/5 vs. 1/2/3) and a con-
tinuous scale by others (scored 1–5); necessitating the conversion of the latter to
dichotomous outcomes for consistency.

Statistical calculations and interpretation

All analyses were performed using the Comprehensive Meta-Analysis software (CMA
Version 2.0; ©2006, Biostat, Inc., Englewood, NJ, USA) and all plots generated via the
Forest Plot Viewer Program (Boyles, Harris, Rooney, & Thayer, 2011). The raw
(outcome) data were most frequently in the form of means and SDs, from which
Hedge’s g effect sizes were calculated in order to measure the standardised mean differ-
ence between the outcomes of two TBI groups (e.g., BAL+/BAL− or BALhigh/BALlow). Cor-
relation coefficients (r), measuring the relationship between alcohol levels and outcome,
were provided less frequently for those studies that examined a single TBI sample (Bom-
bardier & Thurber, 1998; Tate, Freed, Bombardier, Harter, & Brinkman, 1999; Turner, Kiv-
lahan, Rimmele, & Bombardier, 2006); these were converted to Hedge’s g for consistency
(Lipsey & Wilson, 2001) and included in the BALhigh/BALlow analyses. Finally, the fre-
quency data for mortality rates and the GOS (good vs. poor outcomes) were used to cal-
culate odds ratios (OR) – which are also an effect size – to determine the odds of the
BAL+/BALhigh group having better (OR > 1) or worse (OR < 1) outcomes than the
BAL−/BALlow group.

Mean effect sizes were calculated by weighting individual effects sizes by their
inverse variance (inverse of the squared standard error) and then pooling them to cal-
culate a mean weighted effect (gw, ORw). This weighting takes into account the fact that
the reliability of an individual effect is affected by the size of the sample from which it is
derived: effect sizes calculated from larger samples are more precise, have a smaller var-
iance and are, therefore, given a higher weighting (Hedges, 1985; Lipsey & Wilson,
2001). A negative gw (g when single study) indicates that the BAL+ or BALhigh partici-
pants had poorer cognitive, psychological or functional outcomes than BAL− or
BALlow participants. That is, depending on the measure, the BAL+/BALhigh group had
more problems, made more errors, or performed more poorly than the BAL−/BALlow

group. Similarly, a positive gw indicates that BAL+ (or BALhigh) participants had better
outcomes (i.e., had fewer problems/made fewer errors/performed better), with g = .2,
.5 and .8 equating to small, medium and large effects, respectively (Cohen, 1992).
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Lastly, an OR < 1 indicates that the BAL+ (or BALhigh) group had worse outcomes than
the BAL− (or BALlow) group and an OR > 1 indicates that they had better outcomes.

Probability (p-values) was additionally calculated to assess the statistical significance
of the effect sizes. Heterogeneity analyses were not feasible due to the small number of
studies that were included in individual analyses (with one exception, Nstudies ≤ 7).
Notably, I2, which is a commonly used measure of heterogeneity, has limited power
when the number of studies is small (N < 20), thereby limiting its usefulness in the
current context (Huedo-Medina, Sanchez-Meca, Marin-Martinez, & Botella, 2006; Ioanni-
dis, Patsopoulos, & Evangelou, 2007). Instead, heterogeneity was dealt with in two ways.
First, a random-effects model was used for all calculations (Lipsey & Wilson, 2001). This
model assumes that between-study heterogeneity is caused by random variation at
both the study and participant level and, in doing so, adjusts for between-study vari-
ation in the methodologies that were used. Second, the effect sizes for each of the
studies that contributed to a mean effect were examined and, where this provided
additional information, were reported and used to inform the interpretation.

Lastly, Fail Safe N (Nfs) statistics were calculated to assess the potential for any bias as
a result of journals favouring statistically significant results (publication bias) which can,
in turn, affect the findings of a meta-analysis (Rosenthal, 1979). The Nfs statistic provides
an estimate of the number of unpublished studies with inconsequential findings that, in
theory, would be needed to reduce a result from the current study to a small effect
(defined here as d = .2). The larger the Nfs, the more confidence we can have in our find-
ings, with the minimum requirement that the Nfs statistic be greater than the number of
studies contributing to that effect size (Nstudies). Nfs calculations were based on the
number of studies that contributed to each mean effect size (Orwin, 1983), rather
than the total number of studies that were meta-analysed, to provide a more informa-
tive and rigorous comparison between the actual number of studies that examined a
specific outcome and the hypothetical Nfs.

Although meta-analyses are designed to pool data from multiple studies, it is not
known how many studies have assessed a specific outcome using comparable
measures, and therefore how much data can be pooled, until data collection is com-
plete. Only then is it known what data are available and what analyses are possible.
Arguably, however, standardising all available data in the form of effect sizes –
whether averaged across multiple studies or for single studies – enables these findings
to be directly compared and evaluated in a way that was not previously possible,
thereby making an important contribution to the literature. In the absence of a meta-
analysis, the existing research remains poorly consolidated and renders it less useful
to clinicians and researchers alike.

Results

Participants

The literature searches yielded a total of 1937 potentially relevant papers (1859 after
removing duplicates). Initial screening of the titles and abstracts of these papers
reduced the number to 481, after which re-application of the inclusion criteria to the
full-text versions reduced the number of eligible studies to 28. Two of these 28
papers provided data for non-independent samples; they were therefore treated as
one study in order to ensure that all analyses were based on independent data. This
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reduced the final number of studies to 27 (See Figure 1 for full details of the screening
process and reasons for exclusion).

In total, the 27 studies that were included within this meta-analysis provided data for
88,856 participants who had sustained a TBI (refer to Table 1 for summary descriptive
data and Table 2 for study-specific information). Three studies used a single sample
design, correlating BAL with outcome, and 24 studies provided data for two TBI
samples: 22 of which compared BAL+ and BAL− samples and two compared BALhigh

and BALlow samples. Four of the BAL+/BAL− studies additionally provided data that
could be used in the BALhigh/BALlow analyses which, when included with the data
from the three correlation studies (r was converted to g), increased the number of
BALhigh/BALlow studies to nine.

The sample sizes varied considerably, ranging from 38 to 38,019 (mean = 3291, SD =
8387, median = 261), with the very large samples being limited to hospital outcomes
(e.g., mortality). On average, participants were young/middle-aged males, with the
limited available data indicating they had a high school education. Time since injury
was only reported by 37% of studies (Nstudies = 10), averaging just over 6 months,

Figure 1. Flowchart showing the study selection process, based on PRISMA guidelines (Moher et al., 2009).
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although this varied considerably (range = 1–33, median = 2.7), and GCS scores were
reported by 52% of studies (N = 14), with the mean GCS score falling in the moderate
TBI category. Most studies (85%), however, provided categorical information relating
to injury severity, which revealed that the majority examined mixed samples of mild/
moderate/severe TBI (Nstudies = 13) or moderate and severe TBI (Nstudies = 7), with
many fewer examining single categories of injury (mild TBI: Nstudies = 1; moderate TBI:
Nstudies = 0; severe TBI: Nstudies = 3).

Twenty four (89%) studies specifically reported that BAL was recorded on admission
or presentation to emergency/hospital/trauma-centre/intensive-care, suggesting that
they were measured as early as practicable. Participants with a history of alcohol
abuse were explicitly included in eight studies and excluded in three studies, although
the majority (Nstudies = 17) did not specify (Note: Nstudies = 28 here, instead of 27, because
one, Lange et al., 2008, of two studies that were combined because of non-independent
samples excluded abuse and one did not, Lange, Iverson, & Franzen, 2007). Data relating
to PTA, LOC, prior TBI and medication use were available for even fewer studies (Nstudies

= 2 to 3) and were not, therefore, informative.
Although the aforementioned data are useful for descriptive purposes, it is important

to note that many studies either failed to provide information that is needed to conduct
moderator analyses (e.g., post-injury interval, history of alcohol use/abuse, separate data
for mild, moderate and severe TBI) or reported information in different ways (e.g., mean
GCS score vs. mild/moderate/severe categories). Consequently, there were insufficient

Table 1. Summary of demographic and injury characteristics for all studies.

Nstudies Nparticipants Mean SD

Sample size 27 88,856 3291 8387
Study design
Single TBI sample (BAL and outcome correlated) 3 249 83 36
Two TBI samples (BAL+/BAL− or BALhigh/BALlow) 24 88,607 3692 8832

BAL+ versus BAL− studies:
BAL+ 22 30,507 1451 3267
BAL− 22 56,997 2713 6240

BALhigh versus BALlow studies:
BALhigh 9 2762 552 896
BALlow 9 3021 604 1128

Age (years) 20 80,378 37.7 7.1
Time since injury (months) 10 3197 6.1 10.0
GCS score 14 79,373 10.4 3.1
Education (years) 8 849 12.4 1.0

Nstudies Nparticipants %

Sex (male) 22 60,959 73.0
Time interval post-injury (months)
< 1 3 1936 60.6
1–3 4 372 11.6
6–12 2 812 25.4
33 1 77 2.4

Injury severity
Mild 1 169 0.4
Mild, moderate, severe 13 33,673 71.5
Moderate, severe 7 11,817 25.1
Severe 3 1427 3.0

Nstudies and Nparticipants refer to the total number of studies and participants for which data were available.
GCS = Glasgow Coma Scale. BAL groups: some studies included in BAL+ / BAL− and BALhigh / BALlow analyses.
Data not available to provide demographic details according to BAL group.
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Table 2. Summary details of the meta-analysed studies.

Publication details Participant details TBI details Study design Outcome

Authors Year Nparticipants

Age
(yrs)

%
male Injury severity

no. TBI
samples

BAL+ vs
BAL−

BALhigh vs
BALlow Domain Measure

Alexander et al. 2004 80 30.8 75 Severe 2 X X Medical
Functional

Mortality
Glasgow Outcome Scale

Berry et al. 2010 7304 42.0 81 Moderate and
severe

2 X Medical Mortality, ICU stay, hospital stay

Berry et al. 2011 3794 42.9 79 Moderate and
severe

2 X X Medical Mortality, ICU stay, hospital stay

Bombardier &
Thurber

1998 58 34.9 69 Mild, moderate
and severe

1 X Cognitive Attention, reasoning, construction,
verbal, memory, orientation

Chamoun et al. 2009 189 36.5 83 Severe 2 X Medical Mortality
Chapital et al. 2007 3447 36.6 75 Mild, moderate

and severe
2 X Medical Mortality

Guraraj 2004 1553 - 100 Mild, moderate
and severe

2 X Medical Mortality

Hsieh et al. 2013 992 - - Mild, moderate
and severe

2 X X Medical Mortality

Joseph et al. 2015 64 51.8 69 Moderate and
severe

2 X Functional Functional Independence Measure

Kaplan &
Corrigan

1992 129 - 48 Moderate and
severe

2 X X Cognitive
Medical

General, reasoning, attention, motor
Hospital stay

Kelly et al. 1997 119 36.5 75 Moderate and
severe

2 X Cognitive General, memory, reasoning, attention

Lange et al. 2007/
2008

169 34.1 65 Mild 2 X Cognitive Memory, reasoning, attention,
executive functions

Lange et al. 2014 106 32.7 75 Mild, moderate
and severe

2 X Psychological
Functional

Beck Anxiety Inventory
British Columbia Postconcussion
Symptom Inventory

Levy et al. 2004 3388 - - - 2 X Medical Mortality
Nath et al. 1986 38 32.4 84 Mild, moderate

and severe
2 X Functional Glasgow Outcome Scale

Pandit et al. 2014 23,983 46.3 67 Mild, moderate
and severe

2 X Medical Mortality, ICU stay, hospital stay

(Continued )
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Table 2. Continued.

Publication details Participant details TBI details Study design Outcome

Authors Year Nparticipants

Age
(yrs)

%
male Injury severity

no. TBI
samples

BAL+ vs
BAL−

BALhigh vs
BALlow Domain Measure

Puljala et al. 2013 261 - 74 Moderate and
severe

2 X Medical Mortality

Raj et al. 2015 405 53.0 - Mild, moderate
and severe

2 X Medical
Functional

Mortality
Glasgow Outcome Scale

Ruff et al. 1990 407 - - Moderate and
severe

2 X Medical
Functional

Mortality
Glasgow Outcome Scale

Salim et al. 2009 38,019 41.6 73 - 2 X Medical
Functional

Mortality, ICU stay, hospital stay
Functional Independence Measure

Sparadeo and
Gill

1989 102 27.0 79 - 2 X Medical Mortality

Sperry et al. 2006 1075 35.8 81 Mild, moderate
and severe

2 X Medical Mortality, ICU stay, hospital stay

Tate et al. 1999 67 32.1 69 Mild, moderate
and severe

1 X Cognitive Memory, construction, reasoning,
attention

Tien et al. 2006 1158 41.5 72 Severe 2 X Medical Mortality, ICU stay, hospital stay
Turner et al. 2006 124 37.8 84 Mild, moderate

and severe
1 X Cognitive Memory, orientation, construction,

reasoning, attention, verbal
Vickery et al. 2008 1748 - 72 Mild, moderate

and severe
2 X Functional Functional Independence Measure,

Disability Rating Scale
Wilde et al. 2004 77 28.0 - Mild, moderate

and severe
2 X Cognitive Memory

1006
J.L.M

A
TH

IA
S
A
N
D
A
.J.O

SBO
RN



data with which to examine potentially important moderator variables. Moreover, the
Nfs calculations proved not to be very informative because, as will be seen, most
effect sizes were small; consequently very few (or zero) unpublished studies with
non-significant findings (small effects) would need to exist in “file-drawers” in order
to reduce a finding to a small effect.

Cognitive outcomes

Four studies provided data comparing the cognitive outcomes of BAL+/BAL− and four
comparing BALhigh/BALlow groups (see Figure 2). A variety of tests were used, which
were categorised into one of nine broad cognitive domains to organise the data
(Lezak, Howieson, Bigler, & Tranel, 2012; Strauss, Sherman, & Spreen, 2006), namely:
orientation, attention, memory, motor functioning, visuo-spatial ability, verbal abilities,
reasoning, executive functioning, and general cognition (see Supplementary Materials,
Table B for specific details). Attention, memory and reasoning were the most commonly
examined domains.

When the outcomes of the BAL+ and BAL− samples were compared (see Figure 2a),
the overall weighted mean effect for all of the cognitive measures was small, negative
and significant (gw =−.15), indicating that those who were BAL+ at the time of their TBI
performed slightly less well than those who were alcohol free. At the domain level,
general cognition (gw =−.40) was significantly poorer in the BAL+ group. In contrast,
reasoning, attention, motor and executive functioning all showed small non-significant

Figure 2. Cognitive outcomes following TBI (ordered from largest to smallest effect sizes), comparing: (a) those
with positive (BAL+) and zero (BAL−) DOI blood alcohol levels, and (b) those with high (≥ 0.1%/100 mg/dl:
BALhigh) and low (< 0.1%/100 mg/dl: BALlow) blood alcohol levels. Note: BAL+, positive blood alcohol level;
BAL−, zero blood alcohol level; BALhigh, ≥ 0.1%/100 mg/dl blood alcohol level; BALlow, < 0.1%/100 mg/dl
blood alcohol level; Nstudies, total number of studies for which data were available; Nfs, fail-safe N. * BALhigh/low

participant numbers from one study could not be included in the sample size calculations (N ) because only a
range was provided.
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differences in the performance of the BAL+ and BAL− groups. Although non-significant,
the mean effect for memory (gw =−.34) was larger and more variable than these other
domains. Closer examination of the data revealed moderate to large and significant
negative effects for two out of the three studies that examined memory (g =−.54,
p < .01; g =−.81, p < .001; g = .34, p = .17). Given the modest size of the significant find-
ings (overall: gw =−.15; general cognition: gw =−.40) and the small number of studies
that assessed cognition (N = 4), combined with the fact that two out of the three
studies that assessed memory found sizeable deficits in their BAL+ samples, it is
safest to conclude that it remains unclear whether memory is affected.

Comparison of the combined cognitive outcomes for the BALhigh and BALlow groups
(see Figure 2b), also yielded a small mean effect (overall: gw =−.12, p = .07) that
approached statistical significance, suggesting that there is a trend towards higher
BAL being associated with slightly poorer cognitive outcomes than lower BAL. None
of the effects for the individual cognitive domains was significant (motor, memory,
orientation, construction, reasoning, attention, verbal, general cognition), although
most were negative in direction. Notably, however, the effects for motor (gw =−.40),
memory (gw =−.32) and orientation (gw =−.31) were larger and more variable than
for the other cognitive domains, consequently the underlying data were examined
more closely. Motor functions were only assessed by a single small study, but were
highly variable across individuals (95% CI =−1.15 to 0.34, p = .29), suggesting no clear
effect. For the three studies that examined memory, two yielded moderate effects,
only one of which was significant (g =−.60, p < .05; g =−.50, p = .09), and another
found a small non-significant effect (g = .01, p = .97). For orientation, only one of two
studies reported a significant effect (g =−.75, p = .01; g = .06, p = .74). At most, then,
there may be a trend towards subtle deficits in the overall cognitive outcomes of
those with a high BAL at the time of injury. The other cognitive domains do not
appear to be consistently or sizably affected.

Psychological outcomes

Surprisingly, psychological outcomes were rarely assessed (see Figure 3), with a
total absence of studies comparing the psychological outcomes of BAL+ and
BAL− samples and only one study reporting a positive low-moderate but non-sig-
nificant difference (gw = .40, p = .19) in the anxiety levels of BALhigh and BALlow

groups. Thus, although the BALhigh group was slightly less anxious when they
were assessed 6 to 8 weeks after their injury (mean: BALhigh = 5.1; BALlow =
8.4), the samples were quite small (BALhigh: N = 19; BALlow: N = 50) and there
was considerable within-group variability (SD: BALhigh = 3.2; BALlow = 9.5), render-
ing the finding non-significant.

Figure 3. Psychological outcomes following TBI, comparing those with high (≥ 0.1%/100 mg/dl: BALhigh) and low
(< 0.1%/100 mg/dl: BALlow) blood alcohol levels. Note: BALhigh, ≥ 0.1%/100 mg/dl blood alcohol level; BALlow,
< 0.1%/100 mg/dl blood alcohol level; Nstudies, total number of studies for which data were available; Nfs, fail-safe N.
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Medical and functional outcomes

A variety of medical and functional outcomes have been examined (see Figure 4),
including mortality rates, length of hospital and intensive-care unit (ICU) stay, levels
of assistance needed to complete activities of daily living (Functional Independence
Measure; FIM), functional recovery/disability (Disability Rating Scale; DRS), frequency/
intensity of post-concussion symptoms (British Columbia Post-concussion Symptom
Inventory; BC-PSI), and more general recovery (GOS). The data for these measures
were not combined due to the diverse nature of the outcomes that were assessed
and differences in the scale of measurement (continuous data: hospital and ICU stays,
FIM, DRS, BC-PSI; categorical data: mortality, GOS good/bad outcome).

Twenty studies provided data comparing the medical and functional outcomes of
BAL+/BAL− groups (see Figures 4a and b) and six compared BALhigh/BALlow groups
(see Figures 4c and d). Notably, the sample sizes underpinning these (largely
medical) data were much larger than for the previous cognitive and psychological out-
comes; the exception being the BC-PSI.

Figure 4. Medical and functional outcomes following TBI (ordered from largest to smallest effect sizes), compar-
ing: (a) continuous data – FIM, DRS, ICU and hospital stays – for those with positive (BAL+) and zero (BAL−) blood
alcohol levels; (b) categorical data – mortality rates and GOS scores – for the BAL+ and BAL− groups; (c) continu-
ous data – ICU and hospital stays, BC-PSI – for those with high (BALhigh) and low (BALlow) blood alcohol; and (d)
categorical data – mortality rates and GOS scores – for the BALhigh and BALlow groups. Note: BAL+, positive blood
alcohol level; BAL−, zero blood alcohol level; BALhigh, ≥ 0.1%/100 mg/dl blood alcohol level; BALlow, < 0.1%/
100 mg/dl blood alcohol level; Nstudies, total number of studies for which data were available; Nfs, fail-safe N;
FIM, Functional Independence Measure; DRS, Disability Rating Scale; ICU, Intensive Care Unit; GOS, Glasgow
Outcome Scale; BC-PSI, British-Columbia Postconcussion Symptom Inventory.
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When the medical/functional outcomes (continuous data) of the BAL+ and BAL−

samples from nine studies were compared (Figure 4a), most effects were small (FIM,
hospital stay) to moderate (ICU stays) and non-significant, despite the very large
sample sizes. Only the DRS revealed a small but significant difference, such that BAL+

persons experienced slightly higher levels of disability. The single moderate (albeit
non-significant) effect for length of ICU stay (gw =−.65) appeared to be influenced by
a single anomalous finding (d = 4.0) from a very large study (BAL+: Nparticipants =
14,419, BAL−: Nparticipants = 23,600) (Salim et al., 2009), which found that BAL+ persons
were admitted to intensive care for 0.4 of a day less than those who had not consumed
alcohol at the time of their TBI. The remaining five ICU studies all reported very small
effects – both positive and negative in direction (g =−.11 to .05) – only one of which
was significant, suggesting that, on average, the effects of BAL on ICU stay were
minimal.

Turning to the categorical data (Figure 4b), the ORs for mortality and the GOS (good
vs. bad outcome) were both non-significant and small in size, although there was a
trend (p = .07) towards the BAL+ group having higher odds of a good outcome 3–6
months after their injury. Mortality proved to be the most investigated of all of the out-
comes, often in very large samples. The findings from individual studies suggested
lower mortality rates (OR < 1) for BAL+ persons in nine studies and higher rates (OR >
1) for six studies, however four out of each (4/9, 4/6 studies) were significant, suggesting
that the results are mixed. Moreover, when the ages and GCS scores of studies that had
an OR < 1 were compared to those with an OR > 1 in order to determine whether these
variables may be contributing to the different findings, it was noted that – contrary to
expectation – the former group of studies tended to examine slightly older (mean age
45.0 vs. 41.7 years) and less severely injured (mean GCS 13 vs. 10.8) persons than the
latter, possibly contributing to the variability in the findings. For the GOS, two of the
three studies comparing BAL+ and BAL− groups had ORs > 1 (OR = 1.65, p = .03; OR =
1.12, p = .81) and a single study had an OR < 1 (OR = 0.70, p = .49), but only one
finding was significant. Once again, this highlights the variability in the findings of indi-
vidual studies.

Similarly, when the medical/functional measures (continuous scoring) of the BALhigh

and BALlow samples were compared (Figure 4c), there were small positive effects for the
length of ICU and hospital stays, and only the length of time spent in ICU differed sig-
nificantly, with the BALhigh group staying in ICU 1.3 days less than the BALlow group. The
effect for post-concussion symptoms (BC-PSI) was slightly larger, but was not significant
due to the wide confidence intervals (and small N ). Lastly, the OR for mortality and the
GOS were both small and non-significant (Figure 4d). Moreover, only one of the four
studies of mortality rates yielded a significant OR, which favoured better outcomes in
the BALhigh group (OR = 1.78, p < .001), with the other three being non-significant
(OR = 0.85, p = .50; OR = 1.05, p = .96; OR = 1.66, p = .33). Similarly, neither study found
significant differences in the GOS.

Overall findings

Finally, a broader examination of the size (small, medium, large), statistical significance
(p < .05) and direction (whether BAL+/BALhigh had better or worse outcomes than BAL−/
BALlow) of the effect sizes reported in Figures 2 to 4 was undertaken. This revealed that
the majority of effects were modestly sized (BAL+/BAL− analyses: 91% effects small/low-
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moderate in size, Hedge’s g < .5; BALhigh/BALlow analyses: 100% small/low-moderate in
size) and non-significant (BAL+/BAL− analyses: 77% non-significant; BALhigh/BALlow ana-
lyses: 92% non-significant). Moreover, the findings were relatively evenly divided
between those indicating worse outcomes (g < 0, OR < 1) for BAL+ or BALhigh persons
and those indicating better outcomes (g > 0, OR > 1).

Discussion

The current meta-analysis examined data from 27 studies that compared the cognitive,
psychological and functional outcomes of adults who, at the time of sustaining their TBI,
did/did not have detectable BALs (BAL+ vs. BAL−) or had high/low BALs (BALhigh vs.
BALlow; ≥ 0.1%/100 mg/dl vs. < 0.1%/100 mg/dl) in order to examine whether (and in
what way) DOI alcohol consumption is related to outcomes after TBI. Alcohol has
been found to have both deleterious and protective effects on the brain after a TBI,
therefore potentially also contributing to outcomes.

Relative to those who had not consumed any alcohol at the time of their injury
(BAL−), persons with a positive BAL (BAL+) had slightly poorer cognitive outcomes,
both overall – when the findings for all of the cognitive measures were combined –
and on tests of general cognitive functioning (WAIS, Halstead-Reitan). Although
people with a positive BAL performed comparably to those with a zero BAL on all
other cognitive domains (memory, reasoning, attention, motor, executive functions),
the findings from individual studies for memory were mixed and leave open the possi-
bility that memory may also be compromised.

These findings were largely confirmed when the outcomes of persons who had a
high BAL (BALhigh) at the time of their TBI were compared to those who had consumed
less alcohol (BALlow), with the former group performing more poorly overall (all cogni-
tive measures combined). Consistent with the above, small non-significant differences
were found for most of the other cognitive domains (memory, orientation, construction,
reasoning, attention) but, once again, closer examination of the data from individual
studies suggested that additional research is needed to more definitively determine
whether memory is compromised in those with a high BAL.

Much less is known about the psychological outcomes of persons who were intoxi-
cated at the time of injury, except to say that a single relatively small study reported a
non-significant difference in anxiety when comparing BALhigh and BALlow groups 6–8
weeks after their injury. Considerable variability was noted in the anxiety levels of
both groups, although the BALhigh group had lower levels and was slightly less variable,
raising the possibility that this group continued to drink after their injury (Bombardier,
Temkin, Machamer, & Dikmen, 2003), conceivably to self-medicate for their anxiety
(Kushner, Abrams, & Borchardt, 2000).

In addition, the evidence suggests that BAL was generally not associated with
medical and functional outcomes, as measured by various disability scales (FIM, DRS,
BC-PSI), hospital/ICU stays and mortality rates. In fact, the one small but significant
finding indicated that those with a high BAL had shorter ICU admissions. This finding
should, however, be interpreted cautiously because it was based on a single study,
albeit with very large samples. Moreover, a trend (p = .07) toward persons with a posi-
tive BAL having slightly higher odds of poor outcomes, as measured by the GOS, was
not supported by studies that compared high and low BAL.
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The finding that mortality did not differ significantly for the BAL+ and BAL− (Nstudies =
15) groups contrasts with that of Raj et al. (2016), who reported significantly fewer hos-
pital deaths in the BAL+ group (11%) than the BAL− (12.3%) (Nstudies = 11; OR = .84).
However this difference may, in part, be attributable to the limited overlap in studies
that were included in each meta-analysis, only six (published January 1990 to
October 2013) of the 15 studies of mortality (published prior to end March 2015) exam-
ined here were also analysed by Raj et al. (2016). There were also notable differences in
the inclusion criteria – with Raj et al. limiting their analysis to moderate and severe inju-
ries, but additionally including penetrating TBI – and the underlying statistical model
and associated assumptions. Whereas we used a random-effects model, which
assumes that participants from independent studies are likely to have varied in ways
that could impact on estimates of the true effect size (e.g., differing ages, injury severity),
Raj et al. used a fixed-effects model, which assumes that studies do not vary in this way
(Borenstein, Hedges, Higgins, & Rothstein, 2009). These and other differences are likely
to have contributed to the inconsistent findings.

Finally, a more over-arching review of the findings from all 27 studies revealed that
the vast majority of effect sizes summarised in Figures 2–4 were small, with only one
result equating to a moderate group difference. Indeed, most of the findings were
also non-significant and relatively evenly divided in terms of whether they suggested
better or worse outcomes for people who had a positive or high BAL.

In combination, the current analyses suggest that, beyond increasing the risk of sus-
taining a TBI (Chen et al., 2012), DOI alcohol consumption does not appear to be associ-
ated with substantially poorer outcomes after a TBI, with cognition being the only
notable finding. Indeed, putting the size and statistical significance of the effects
aside, the fact that there was no consistent direction to the results raises the possibility
that they reflect chance variation or sampling and methodological differences, rather
than being due to any underlying mechanism(s) that promotes or protects against sec-
ondary brain damage.

The finding that, overall, cognition appears to be subtly affected in people who have a
positive or high BAL at the time of their injury is an interesting one. Moreover, the fact that
general cognitive performance, as measured by commonly used intelligence tests, is
affected in those who had a positive BAL is also of interest, as is the possibility that
memorymay be affected; although the latter requires additional data to confirm or discon-
firm.While the reason for these differences cannot be determined from this research, there
are multiple explanations that must be considered. First, it is possible that BAL contributes
to a range of pathophysiological changes that increase the amount of brain damage sec-
ondary to the initial biomechanical insult (Asmaro et al., 2013). However, the fact thatmost
cognitive domains were unaffected, including those that should be sensitive to brain
damage (e.g., attention), together with an absence of differences in functional outcomes,
suggests that this is unlikely to be the most parsimonious explanation.

Instead, there may have been pre-existing differences in the cognitive abilities of
persons with a positive (or high) and negative (or low) BAL. Given that alcohol is a
risk factor for recurrent TBI (Salcido & Costich, 1992; Winqvist et al., 2008), it is concei-
vable that the groups differed in terms of whether they had previously sustained a
TBI, which may independently affect their cognitive status (Belanger, Spiegel, & Vander-
ploeg, 2010). Pre-injury alcohol abuse is also more common in people who are intoxi-
cated at the time of their injury, providing an additional source of variability (Taylor,
Kreutzer, Demm, & Meade, 2003). Interestingly, however, Lange et al. (2007) reported
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that pre-injury alcohol abuse only had a very limited impact on the cognitive outcomes
of their intoxicated mild TBI sample.

Alternatively, alcohol consumption may lead to more serious injuries (Dinh, Bein,
Roncal, Martiniuk, & Boufous, 2014; Yoonhee et al., 2009) which, in turn, may contribute
to poorer cognitive outcomes in this group. It has also been argued that alcohol lowers a
person’s level of consciousness, causing an injury to appear more severe than it actually
is (Nath, Beastal, & Teasdale, 1986). Evidence relating to the impact of alcohol on GCS is
mixed, with some researchers finding that it lowers GCS (Jagger, Fife, Vernberg, & Jane,
1984; Shahin, Gopinath, & Robertson, 2010) and others not (Stuke, Diaz-Arrastia, Genti-
lello, & Shafi, 2007), and still others finding that it only affects selected groups, such as
those with a very serious TBI (Sperry et al., 2006) and/or who are highly intoxicated (Gal-
braith, Murray, Patel, & Knill-Jones, 1976).

Limitations and future research

The aforementioned discussion highlights a number of limitations that are commonly
associated with clinical practice and clinical research. In particular, it is unclear
whether the subtle cognitive problems that were observed here predated the current
injury, possibly due to prior alcohol abuse and/or previous TBI. General information
relating to pre-injury alcohol use/abuse was only reported in 37% of cases, with most
of these studies including some people who had a history of alcohol abuse and
others recognising that their inability to report this information was a limiting factor
(Alexander et al., 2004; Berry et al., 2010; Kelly, Johnson, Knoller, Drubach, & Winslow,
1997). Although restricting our ability to identify the source of the cognitive problems,
the inclusion of people with pre-injury alcohol abuse meant that the current findings
better reflect the diversity of people seen in clinical situations.

In addition, the cut-offs used by researchers to define high/low BAL were quite high
(0.1%/100 mg/dl) and often exceeded legal driving limits (WHO, 2014), which may mean
that the “low” BAL group included participants who were within the defined range, but
were still quite intoxicated; potentially rendering the high/low comparison less useful.
Alcohol can also have quite varied effects on an individual (Christensen et al., 2001),
depending on the frequency of alcohol consumption (tolerance), situational variables
(e.g., rate of consumption, ingestion of food) (Bjork & Gilman, 2014), and the rate at
which it is metabolised, which is itself influenced by a number of variables, including
liver status, medications and the presence of other injuries (Sperry et al., 2006). All of
these factors can affect how alcohol impacts on the brain following a TBI. Similarly,
the timing of alcohol intake in relation to the injury may also be important (Kelly,
1995). Unfortunately, a finer-grained analysis, which took these variables into
account, was not possible given the data available to us.

Small samples, particularly for those examining cognitive and psychological out-
comes, and the fact that relatively few studies examined comparable outcomes, necess-
arily also limit the reliability of the findings. Although originally planned, sub-group
analyses were not possible due to the limited available data. In effect, this prevented
an analysis of potential moderator variables – such as time-since injury, injury severity,
premorbid alcohol use/abuse, post-injury alcohol use/abuse – which may help to
explain some of the between-study differences in findings that were observed. Finally,
although desirable, it was not possible to conduct multivariate analyses in order to
examine the interplay betweenmultiple variables thatmay impact on outcomes after TBI.
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Additional research is now needed to advance our understanding of the impact of
DOI alcohol consumption on outcomes after TBI. This research needs to assess a
broad range of cognitive and psychological (depression, anxiety) outcomes, as well as
functional and medical outcomes, using measures that conform to current guidelines
(Wilde et al., 2010); thereby ensuring that the data are more comparable and, ultimately,
amenable to meta-analysis. In addition, it should consider important variables that may
impact on the relationship between DOI alcohol consumption and outcomes, such as
post-injury interval (acute/chronic), injury severity (mild/moderate/severe TBI), prior
drinking patterns (to identify cases of alcohol abuse or, more generally, alcohol toler-
ance), current alcohol use, and history of TBI and psychological problems. Only then
will it be possible to gain a better understanding of whether or not outcomes differ
as a consequence of consuming alcohol prior to sustaining a TBI, independently of
these potential confounds.

Conclusion

Regardless of cause, it appears that individuals with positive or high day-of-injury blood
alcohol levels have slightly poorer cognitive outcomes, but largely comparable medical
functional outcomes, than do those who have zero or lower blood alcohol readings at
the time of their injury. These differences are small and may pre-date the TBI or reflect
a differential response to the injury. Clinically, this is important information because it indi-
cates that persons with alcohol in their system when they sustain their TBI are not
expected to have substantially poorer outcomes as a consequence of having consumed
alcohol. Rather, any substantial cognitive problems and/or poor medical/functional out-
comes, are more likely to reflect other factors, such as the severity or type of injury.
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