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Abstract

Background The impact of alcohol on the prognosis of patients with traumatic brain injury (TBI) remains unclear.
While some reports suggest that alcohol may exert neuroprotective effects, others indicate that it can worsen neuro-
logical outcomes. This study aimed to evaluate the influence of alcohol consumption on TBI outcomes using a nation-
wide database in Japan.

Methods We analyzed data from approximately 290 hospitals contributing to the Japan Trauma Data Bank

between 2004 and 2018. Patients with head injuries and documented pre-injury alcohol consumption were included.
To adjust for potential confounders and institutional clustering, we employed propensity score methods—specifically
inverse probability weighting (IPTW) and overlap weighting—and conducted multiple logistic regression with a gen-
eralized estimating equation. Covariates in the propensity score model included age, sex, day of the week, time

of injury, period of injury, and past medical history. The primary outcome was in-hospital survival. Additionally, we fit-
ted a multivariate logistic regression model (with survival as the outcome) to identify potential interactions and con-
founders. This model included type of trauma (blunt or penetrating), cause and setting of trauma, head Abbreviated
Injury Scale score, multiple trauma status, the Injury Severity Score, and the propensity score.

Results Of the 83,789 patients who met the inclusion criteria, 15,752 had reported alcohol consumption prior

to injury (alcohol group) and 68,037 did not (non-alcohol group). In-hospital survival was 91.5% in the alcohol group
and 86.4% in the non-alcohol group (risk difference: 5.2%; 95% Cl: 4.7-5.7). After adjustment, the alcohol group main-
tained a higher in-hospital survival rate (IPTW: 92.0% vs. 86.1%, risk difference: 6.2%; 95% Cl: 5.9-6.2; overlap weighting:
91.7% vs. 85.4%, risk difference: 7.0%; 95% Cl: 6.1-7.8). In the multivariate logistic regression, preinjury alcohol con-
sumption was associated with higher survival (odds ratio: 1.58,95% Cl: 1.47-1.70, p<0.001).

Conclusions In this nationwide study, preinjury alcohol consumption was associated with higher in-hospital survival
among patients with TBI. Further research is warranted to elucidate the underlying mechanisms and confirm these
findings in more diverse populations.
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Introduction

Alcohol consumption is associated with a wide range of
adverse health outcomes and poses a considerable bur-
den on healthcare systems worldwide, particularly in the
context of trauma [1-4]. Alcohol impairs cognitive func-
tion, diminishes motor coordination, and increases the
risk of falls by inducing muscle relaxation [5]. The effects
of alcohol on trauma outcomes, particularly in patients
with traumatic brain injury (TBI), have shown contradic-
tory findings. Although some studies have suggested that
alcohol consumption may reduce in-hospital mortality
rates in patients with severe blunt trauma [6-13], oth-
ers have reported no protective effects or even potential
harm [14—17]. In addition, the influence of alcohol on
the severity of head injuries and subsequent outcomes
remains poorly understood.

In emergency situations, predicting the prognosis of
TBI in patients who have consumed alcohol can be espe-
cially challenging [18]. Altered consciousness and an
unreliable patient history may inflate the apparent sever-
ity of the injury, potentially leading to over-triage or diag-
nostic ambiguity. Given these conflicting findings and
the clinical complexity of assessing TBI in patients who
consume alcohol, a study conducted under more uniform
clinical and demographic conditions may help clarify the
role of alcohol in TBI outcomes.

Despite a handful of reports indicating a possible pro-
tective effect in certain trauma patients, it is unclear
whether these findings are generalizable across different
patient populations and healthcare systems, especially
in light of variations in alcohol metabolism and treat-
ment access [19, 20]. To address this gap, we focused on
a single ethnic group within a universal health insurance
system, where every individual has access to essential
healthcare services [21]. Therefore, we used a Japanese
nationwide trauma database to examine the relationship
between alcohol consumption and TBI outcomes in this
relatively homogenous setting.

Methods

Study design

This retrospective cohort study analyzed data collected
between 2004 and 2018 from the Japan Trauma Data
Bank (JTDB). Established in 2003 by the Japanese Asso-
ciation for Trauma Surgery and the Japanese Association
for Acute Medicine, the JTDB is a comprehensive data-
base that compiles trauma cases from approximately 290
hospitals nationwide.

The JTDB provides a comprehensive set of variables
for this study, including patient demographics, such as
age, sex, and previous medical history. The clinical data
collected included pre-injury alcohol consumption,
initial screening results, pathogenesis of brain injury,
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mechanisms, situation and cause of the injury, and vital
signs at the time of prehospital and arrival, including
the Glasgow Coma Scale score, systolic blood pressures
(SBP), heart rate (HR). Pre-injury alcohol consumption
was assessed based on the attending physician’s clini-
cal judgment, with or without reference to blood alco-
hol concentration. Injury severity was assessed using
the Abbreviated Injury Scale (AIS) and maximum AIS
from the 1998 update for various body sites, including
the head, face, neck, chest, abdomen, pelvis, spine, upper
and lower extremities, and skin. The AIS is a coding sys-
tem that categorizes the type and anatomical severity of
trauma, evaluating injury severity on a six-point scale.
It is objectively assessed by the attending physician after
hospital admission. Additional scoring systems included
the injury severity score (ISS) and revised trauma score
(RTS). Outcome data, including in-hospital survival rate,
overall hospital stay, and length of stay in the intensive
care unit (ICU) were also collected.

Patient selection and outcomes
This study analyzed patients who sustained TBI and were
registered with the JTDB between 2004 and 2018. This
timeframe was selected to ensure that the dataset was
contemporary but unaffected by the COVID-19 pan-
demic. Patients with either isolated or combined head
injuries, all of whom had documented AIS scores, were
included. We defined head trauma as a head AIS score
of 1 or more. Patients were excluded if they lacked infor-
mation on the head AIS grade or alcohol consumption
status.

We assessed the in-hospital survival rate as the primary
outcome. The secondary outcomes were the lengths of
hospital stay and ICU stay.

Statistical analyses

Data were expressed as numbers (%) or means (stand-
ard deviations), as appropriate. Continuous variables
were compared using t-tests or the Mann—Whitney U
test, and categorical variables were compared using the
chi-square test or Fisher’s exact test. Patients were cat-
egorized into two groups: those who consumed alcohol
before injury (alcohol group) and those who did not
(non-alcohol group). Missing data were handled via
multiple imputation. To address potential confounding,
we employed propensity score methods and logistic
regression. The propensity score for pre-injury alco-
hol consumption was estimated using multiple logis-
tic regression, incorporating a priori selected patient
demographics and controlling for institutional cluster-
ing via a generalized estimating equation. Covariates
in the model included age, sex, day of the week, time
of injury, period of injury, and past medical history.
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Time of injury was classified as daytime (07:00-18:00)
or nighttime (18:00-07:00), while the study period was
divided into three phases—early (2004—-2009), middle
(2010-2014), and late (2015-2018)—reflecting changes
in the Road Traffic Act. Days of the week were grouped
as weekdays (Monday—Thursday), weekends (Friday), or
holidays (Saturday, Sunday, and public holidays). The
C-statistic was calculated to evaluate the goodness of fit
for the propensity score model.

We then performed inverse probability weighting
(IPTW) and overlap weighting (OW) to compare out-
comes between the alcohol and non-alcohol groups
[22-25]. These methods minimize bias by weighing
patients according to their propensity scores, thereby
achieving balanced comparisons. In IPTW, weights
were defined as: Wi=Zi/ei+ (1-Zi)/1-ei, where Zi was
an indicator variable denoting whether or not the i
th subject was treated, and ei denoted the propensity
score for the i th subject [24-26]. Overlap weight-
ing emphasizes patients whose characteristics over-
lap between groups and achieves exact balance on the
means of measured covariates. Overlap weights were
defined as: Wi=Zi- (1-ei) + (1-Zi)ei [22, 23].

We additionally fitted a multivariate logistic regres-
sion model—with survival as the outcome—to identify
potential interactions and confounders. This model
included type of trauma (blunt or penetrating), cause
and setting of trauma, type and Abbreviated Injury
Scale (AIS) score of head injury, multiple trauma sta-
tus, the Injury Severity Score (ISS) and the propensity
score.

All cases in JTDB
n=2361,706
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As an further sensitivity analysis, we performed addi-
tional sub-analyses focusing on patients with an AIS
score of>3 and, separately,>4. For these subsets, we
repeated our primary outcome assessments, including
unadjusted comparisons, inverse probability weight-
ing (IPTW), overlap weighting (OW), and multivariable
logistic regression.

We also conducted a causal mediation analysis to
examine whether alcohol consumption (exposure) affects
survival (outcome) directly or indirectly through head
injury severity (mediator) [27]. The assumed causal
structure illustrating how alcohol may influence injury
severity, which in turn impacts survival (indirect effect),
and how alcohol may also exert a direct effect on survival
independent of injury severity. We estimated the natural
direct and indirect effects using a counterfactual frame-
work and a nonparametric structural equation model, as
recommended by Hayes [27].

All analyses were performed using SPSS version
28.0.1.1 for Windows (IBM Corp., Armonk, NY, USA)
and STATA version 17 (StataCorp, College Station, TX,
USA).

Results
Among the 361,706 patients registered in the JTDB,
83,789 had documented head injuries and drinking sta-
tus. These individuals were categorized into two groups:
the alcohol group (n=15,752) and the non-alcohol group
(n=68,037) (Fig. 1).

Table 1 presents patient characteristics before and
after IPTW and OW. Prior to weighing, the alcohol

| Excluded
"| No Head injury n =227,437

\ 4

Head injury cases

n = 134,269
Excluded
> Unknown data of pre-injury alcohol consumption n = 46,127
L 2 Unknown Head AIS n =559
Study cases
n=83,789
Alcohoal Non-alcohol
n=15,752 n =68,037

Fig. 1 Patient selection. AIS, Abbreviated Injury Scale, JTDB, Japan Trauma Databank
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group comprised predominantly male patients (86.1%)
and those who were more likely to sustain injuries
on holidays (43.1%) and at night (82.1%). In addition,
this group showed a higher prevalence of liver cirrho-
sis (1.6%). After applying IPTW and OW, all of these
baseline differences were well balanced between the
two groups (i.e. standardized differences < 10%).

Table 2 summarizes the types of traumatic brain
injuries, head injury severity (head AIS scores), trauma
type, mechanism, cause, and situation of injury. Nota-
bly, the alcohol group showed higher incidences of
traumatic subarachnoid hemorrhage and contusions.
In terms of injury context, falls occurred more fre-
quently in the alcohol group (58.6% vs. 46.1%), whereas
traffic accidents were less common (30.8% vs. 45.5%).

Table 3 reports the primary and secondary out-
comes. In-hospital survival was 91.5% in the alcohol
group and 86.4% in the non-alcohol group (risk dif-
ference: 5.2%; 95% CI: 4.7-5.7). After adjustment, the
alcohol group maintained a higher in-hospital survival
rate (IPTW: 92.0% vs. 86.1%, risk difference: 6.2%; 95%
CI: 5.9-6.2; overlap weighting: 91.7% vs. 85.4%, risk
difference: 7.0%; 95% CI: 6.1-7.8). Moreover, the alco-
hol group experienced a shorter average hospital stay
(IPTW: 18.8 vs. 16.5 days, mean difference 2.2, 95% CI
1.7-2.7; OW: 18.9 vs. 16.4 days, mean difference 2.5,
95% CI 1.2-3.7). In IPTW analysis, ICU length of stay
was shorter in the alcohol group compared to the non-
alcohol group (mean difference: 0.65 days, 95% CI:
0.18-1.12). However, in OW analysis, no clear differ-
ence was detected (mean difference: 0.90 days, 95% CI:
—0.27-2.13).

The multivariate logistic regression, adjusted for all
variables listed in Tables 1 and 2, confirmed that alco-
hol consumption was associated with higher survival
rates (odds ratio: 1.58, 95% CI: 1.47-1.70). Table 4
presents the primary outcomes for cases with AIS>3
and >4, along with the results of the multivariate
logistic regression analysis, demonstrating that the
alcohol group consistently exhibited higher survival
rates across all methods.

A causal mediation analysis was performed to assess
whether the relationship between alcohol consump-
tion and survival was mediated by injury severity, as
measured by the AIS score. Alcohol consumption was
associated with a decrease in AIS score (HR: — 0.103;
95% CI: — 0.109 to — 0.096). AIS score was positively
associated with survival (HR: 0.041; 95% CI: 0.039-
0.044). Additionally, alcohol consumption was directly
associated with survival independent of injury sever-
ity (HR: 1.71; 95% CI: 1.67-1.75). Detailed mediation
results are presented in Fig. 2.
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Discussion

In this nationwide trauma database study, we analyzed
83,789 patients with head injuries to assess the associa-
tion of pre-injury alcohol intake on outcomes. Our find-
ings suggested that, even after adjusting for confounding
factors, the alcohol group had a higher in-hospital sur-
vival rate than the non-alcohol group.

The survival advantage observed in the alcohol group
may be influenced by multiple factors. We employed a
propensity score approach that accounted for patient
demographics, institutional differences, and variations in
injury timing, such as nighttime, holidays, and weekends,
when resource and staft availability might be reduced.
After applying IPTW and OW, all of these baseline dif-
ferences were well balanced between the two groups.
Despite these adjustments, the alcohol group demon-
strated a survival advantage. One plausible explanation
lies in the differences in trauma mechanisms and injury
patterns between the alcohol and non-alcohol groups.
The alcohol group had a significantly higher proportion
of falls, whereas the non-alcohol group had more traffic-
related injuries. Falls typically result in different injury
biomechanics compared to high-energy mechanisms
such as motor vehicle collisions. Additionally, specific
TBI types, including subarachnoid hemorrhage and con-
tusions, were more frequently observed in the alcohol
group. These variations in trauma mechanism and injury
pattern may inherently influence survival outcomes,
independent of alcohol consumption. Although residual
confounding related to injury biomechanics might not
be fully excluded, our multivariable logistic regression
model adjusted for these factors.

Alcohol’s sedative effects may have influenced initial
clinical assessment and triage decisions (i.e. leading to
over-triage), contributing to disparities in medical inter-
vention. Patients with alcohol-related TBI often present
with lower GCS scores, which can lead to increased
vigilance, early neuroimaging, and closer monitoring in
the emergency setting. This could result in more aggres-
sive supportive care, thereby reducing the likelihood of
delayed diagnoses or secondary brain injury progres-
sion. While our sensitivity analyses (subgroup analyses
of AIS>3, AIS>4) suggest that over-triage does not
entirely explain the survival advantage, triage biases
remain a potential contributing factor.

Our mediation analysis suggests that the association
between alcohol consumption and improved survival in
TBI patients may be explained by two distinct pathways:
an indirect effect mediated by injury severity and a direct
effect independent of injury severity. The indirect path-
way aligns with the hypothesis that alcohol consumption
is associated with less severe head injuries, as reflected in
lower AIS scores, which in turn contributes to improved
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Table 2 Distribution of trauma-related variables

Non-alcohol (n=68,037) Alcohol (n=15,752) Standardized
difference (%)

Type of trauma (n, %)

Blunt 66,515 (97.8) 15,312 (97.2) 36
Penetrate 479 0.7) 129 (0.8) -13
Cause of trauma (n, %)

Accident 59,325 (87.2) 13,882 (88.1) -238
Suicide 2129 (3.1) 396 (2.5) 37
Assault 666 (1.0) 573 (3.6) -17.8
Situation (n, %)

Traffic accident 30,903 (45.5) 4851 (30.8) 305
Fall 31,360 (46.1) 9235 (58.6) -253
Machinery 152 0.2) 1 (0.0) 6.4
Train accident 291 0.4) 177 (1.1) -79

Type of head injury (n, %)

AEDH 6125 (9.0) 1881 (11.9) -96
ASDH 22,261 (32.7) 4929 (31.3) 3.1
Traumatic SAH 24,902 (36.6) 6680 (42.4) -11.9
Contusion 16,717 (24.6) 4789 (30.4) -13.1
ICH 57 (0.1) 12 0.1 03
DBI 3024 (4.4) 497 (3.2) 6.7
Others 40,189 (59.1) 10,071 (63.9) -10.0
Head AlS (n, %)

1 3581 (53) 1057 6.7) -6.1
2 22,207 (32.6) 5250 (33.3) -15
3 27,967 (41.1) 6924 (44.0) -58
4 9898 (14.5) 1737 (11.0) 106
5 4147 6.1) 760 (4.8) 5.6

6 228 (0.3) 23 0.1 39
Multiple trauma (n, %) 39,297 (57.8) 8489 (53.9) 7.8
Other trauma (n, %)

Face 14,744 (21.7) 4129 (26.2) -10.7
Neck 486 0.7) 101 0.6) 09
Chest 18,498 (27.2) 3179 (20.2) 16.5
Abdominal 5182 (7.6) 908 (5.8) 74
Pelvic 11,143 (16.4) 2135 (13.6) 79
Upper extremities 15,495 (22.8) 2939 (18.7) 10.2
Lower extremities 17,279 (25.4) 2790 (17.7) 188
External 2875 (4.2) 613 (3.9 1.7
Vital signs (mean, SD)

Prehospital SBP 141.7 (33.9) 131.7 (30.2) 311
Prehospital HR 86.5 (23.7) 86.1 (20.5) 1.8
SBP on Arrival 135.6 (42.1) 131.3 (34.6) 1.1
HR on Arrival 85.0 (26.9) 86.0 (21.6) —4.0
GCS Eye on Arrival 3.18 (1.16) 297 (1.20) 178
GCS Verbal on Arrival 3.84 (1.5) 3.60 (1.48) 16.1
GCS Motor on Arrival 5.18 (1.6) 511 (1.59) 44
Total GCS on Arrival 12.14 (4.0) 11.65 (3.95) 123
ISS 19.5 (17.4) 126 (10.8) 47.5
RTS 6.93 (1.79) 6.93 (1.52) 0.00

AlIS; abbreviated injury scale, ASDH; acute subdural hematoma, AEDH; acute epidural hematoma, DBI; diffuse brain injury, GCS; glasgow coma scale, HR; heart rate,
ICH; intracranial hemorrhage, IPTW; inverse probability of treatment weighting, ISS; injury severity scale, SBP; systolic blood pressure, RTS; revised trauma score, tSAH;
traumatic subarachnoid hematoma
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Table 3 Comparison of in-hospital outcomes between non-alcohol and alcohol group
Unadjusted groups IPTW Groups Overlap weighting Groups
Non- Alcohol Risk Non-alcohol Alcohol Risk Non-alcohol Alcohol Risk
alcohol (n=15,752) difference, (n=83,708) (n=85,019) difference, (n=10,951) (n=11,009) difference, %
(n=68,037) % (95%Cl) % (95%Cl) (95%Cl)
In-hospital 58,760 (86.4) 14,417 (915) 52 (4.7-57) 72,078(86.1) 78,193(92.0) 6.2(59-6.2) 9352 (85.4) 10,093 (91.7) 7.0(6.1-7.8)
survival rate
(n, %)
Unadjusted groups IPTW groups Overlap
weighting
groups
Non- Alcohol Mean Non-alcohol Alcohol Mean Non-alcohol Alcohol Mean
alcohol (n=15,752) difference (n=83,708) (n=85,019) difference (n=10,951) (n=11,009) difference
(n=68,037) (95%Cl) (95%Cl) (95%Cl)
In hospital 18.7 (42.7) 16.5 (54.1) 22(14-30) 188(424) 16.5 (53.2) 22(1.7-27) 189(144) 164 (53.8) 2.5(1.2-37)
days (days,
SD)
ICU days 8.1(33.2) 7.8(49.7) 04(=0.3-1.1) 8.2(320) 5(53.2) 0.7(0.2-1.1)  85(263) 7.6 (53.0) 0.9 (- 03.-2.1)
(days, SD)
Cl; confidence interval, ICU; intensive care unit, IPTW; inverse probability of treatment weighting, SD; standard difference
Table 4 Subgroup analysis of in-hospital survival rates in patients with severe traumatic brain injury (AIS>3 and AIS >4)
Unadjusted groups analysis IPTW analysis Overlap weighting analysis
Non-alcohol Alcohol Risk Non-alcohol Alcohol Risk Non-alcohol Alcohol Risk
(n=42,249) (n=9445) Difference (n=51,918) (n=52,171) Difference (n=6734) (n=6615) Difference %
% (95%Cl) % (95%Cl) (95%Cl)
AlIS >3 cohorts
In-hospital 35,660 (84.4) 8575 (90.8) 6.3(5.7-7.1) 43,633(84.0) 47595(91.2) 72(6.8-76) 5588(83.0) 6015(909)  79(6.8-9.1)
survival rate
(n, %)
Unadjusted groups analysis IPTW analysis Overlap weighting analysis
Non-alcohol Alcohol Risk Non-alcohol Alcohol Risk Non- Alcohol Risk
(n=2253) (n=1781) Difference  (n=17,523) (n=14,857) Difference alcohol (n=1781) Difference %
% (95%Cl) % (95%Cl) (n=2253) (95%Cl)
AIS >4 cohorts
In-hospital 1797 (79.8) 1529 (85.9) 6.1(3.8-84) 14,194 (81.0) 12,724 (856) 4.6(3.8-5.5) 1797 (7.98) 1529 (8.59) 6.1 (3.8-84)
survival rate
(n, %)

The multivariate logistic regression, adjusted for all variables listed in Tables 1 and 2, confirmed that alcohol consumption was associated with higher survival rates
1.62 (1.48-1.70)The multivariate logistic regression, adjusted for all variables listed in Tables 1 and 2, confirmed that alcohol consumption was associated with higher

survival rates 1.38 (1.20-1.59).

Cl; confidence interval, ICU; intensive care unit, IPTW; inverse probability of treatment weighting, SD; standard difference

survival. This may be partially attributable to over-triage,
where alcohol-related altered consciousness leads to a
higher likelihood of hospital admission and intensive
monitoring for milder injuries. However, the persistence
of a direct effect even after adjusting for injury severity
suggests that other mechanisms may be involved. While
speculative, potential explanations include the neuro-
protective and anti-inflammatory properties of alcohol,
which have been proposed in preclinical studies [28—30].

Emerging evidence suggests that alcohol may have
biological effects that influence TBI outcomes, with pre-
clinical studies indicating its potential role in modulating
inflammatory pathways and reducing secondary brain
injury [28-30]. While our mediation analysis demon-
strated that injury severity only partially mediated the
relationship between alcohol consumption and survival,
this suggests that additional, yet unexplored, factors may
contribute to the observed survival differences. However,
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Head injury
severity
(AIS Score)

Alcohol

Survival

Confounders

Fig. 2 Directed acyclic graph (DAG) depicting the assumed causal structure. We modeled head injury severity (AIS score) as a mediator (M)
between Drinking (X) and Survival (Y). Our analysis yielded the following key findings: Effect of Drinking on AlS Score: Drinking was associated
with a statistically significant reduction in the AlS score (HR: -0.103; 95% Cl: —=0.109 to —0.096), indicating that, on average, the alcohol group
had lower injury severity. Indirect Effect via AlS: AIS score was associated with survival (HR: 0.042; 95% Cl: 0.039-0.044), indicating that a lower
AlS score confers a higher likelihood of survival. Direct Effect of Drinking: Even after adjusting for AlS, alcohol consumption remained associated

with improved survival outcomes (HR: 1.71; 95% Cl: 1.67-1.75)

clinical validation of these mechanisms remains limited,
and caution is warranted in interpreting these findings.

It is essential to emphasize that these results should
not be misinterpreted as endorsing alcohol consumption.
Alcohol is associated with numerous well-documented
health risks, including increased trauma susceptibil-
ity, long-term neurotoxicity, and systemic health conse-
quences. Any potential survival advantage observed in
TBI patients must be considered within the broader con-
text of its detrimental effects. Nonetheless, our findings
serve as hypothesis-generating evidence, highlighting
the need for future research to investigate potential bio-
logical mechanisms underlying alcohol-related TBI out-
comes in both preclinical and clinical settings.

One strength of this study is its focus on the Japanese
population, which has relatively homogeneous genetic
factors affecting alcohol metabolism. Many prior inves-
tigations encompassed mixed ethnic cohorts, potentially
obscuring the effects of metabolic variations in alcohol
dehydrogenase and aldehyde dehydrogenase [19, 20,
31-33]. In contrast, our homogeneous sample minimized
the confounding from such differences, thereby enhanc-
ing confidence in the observed association. Furthermore,
conducting this investigation within a universal health
insurance system likely reduced disparities in treatment
access and quality of care, supporting the idea that the
observed survival benefit is not merely a byproduct of
unequal healthcare resources [21].

From a clinical standpoint, recognizing that some
patients with head injuries who consume alcohol may
retain relatively favorable prognoses highlights the
importance of careful triage and management. Although
we do not advocate alcohol consumption—given its well-
documented harms—our results remind clinicians that
the initial severity of consciousness impairment might

not always translate into poor outcomes. More detailed
assessment tools, including blood alcohol concentration
measurements, could improve the prognostic accuracy
and resource allocation in emergency settings. Our find-
ings may serve as a foundation for developing more accu-
rate triage and prognostic assessment strategies for TBI
patients with a history of alcohol consumption.

This study has several limitations. We relied on
reported alcohol consumption rather than objective
blood alcohol concentration (BAC) measurements, mak-
ing it unclear whether attending physicians referenced
BAC in their assessments. The lack of BAC data also pre-
cluded an evaluation of potential dose—response effects,
which could have provided further insight into alcohol’s
impact on TBI outcomes. Future studies incorporating
precise BAC measurements are needed to address this
limitation. Additionally, while we adjusted for multiple
confounding factors—including trauma type, cause and
setting of trauma, and severity measures such as AIS
and ISS—inherent differences between the alcohol and
non-alcohol groups may persist. Although our subgroup
analyses restricted to AIS>3 and AIS>4 confirmed
similar trends in survival outcomes, residual confound-
ing due to unmeasured factors cannot be fully excluded.
Our retrospective cohort design inherently limits causal
inferences and cannot fully account for all potential
biases, including over-triage in the alcohol group and
potential misclassification of injury severity due to alco-
hol’s physiological effects. Because the analysis relied on
a single national database, it may not capture regional
variations in trauma care, limiting the generalizabil-
ity of our findings. Moreover, patients were not strati-
fied by the frequency or chronicity of alcohol use, which
can affect physiological tolerance and clinical outcomes.
Finally, we did not account for the impact of co-occurring
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substances, nor did we address alcohol’s sedative proper-
ties, both of which may influence consciousness level and
injury severity, complicating the interpretation of our
results.

Conclusion

In conclusion, our findings suggest that alcohol consump-
tion prior to traumatic brain injury may be associated
with higher in-hospital survival rates and shorter hospital
stays. Our findings may provide a basis for improving tri-
age accuracy and prognostic evaluation methods for TBI
patients with a history of alcohol consumption. Further
investigations are warranted to elucidate the biological
mechanisms underlying these observations and to con-
firm their applicability in more diverse populations.
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