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Abstract
Although the relationship between alcohol and injury incidence is well researched, there continues to be
dispute about the relationship between alcohol and mortality following an injury. Findings from past
studies have varied primarily because of methodological issues and have failed to characterize the doseresponse relationship. The main objective of this study was to evaluate the dose response relationship of
in-hospital mortality and blood alcohol concentration (BAC). This study was a retrospective analysis of
traumatic injuries occurring between 1995-2009 as reported by all level 1 and 2 trauma units in the State
of Illinois. The study includes all patients with blood alcohol toxicological examination levels ranging
from zero to 500 mg/dl (N=190,612). The Illinois trauma registry includes all patients sustaining
traumatic injuries and admitted to a trauma center for > 12 hours. A total of 6,733 patients meeting the
inclusion criteria died following admission. Patients that were dead on arrival and those that died during
the initial assessment within the emergency room were excluded. In the adjusted multivariable model, a
decrease in in-hospital mortality was strongly associated with an increase in blood alcohol concentration
(adjusted OR = 0.83 per 100 mg/dl units change in BAC; CI95%: 0.80, 0.85; p<0.001). The direction of
the dose response relationship was consistent across the stratified models, with the exception of patients
suffering burns. The largest reduction of in-hospital case fatality rates by blood alcohol concentration
was observed among patients suffering penetrating or severe injuries (Injury Severity Score >16). In the
clinical setting, it is important to understand not only how to recognize intoxicated patients, but also how
alcohol may affect the course of treatment. The consistency of the findings across the multivariable
models indicates that blood alcohol concentration is strongly associated with lower in-hospital mortality
among those that survive long enough to receive treatment in specialized trauma units.
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Introduction

Alcohol intoxicated individuals are at an increased risk of injury.[Cherpitel et al., 1995;
Cherpitel et al., 2003; WHO, 2008] Alcohol increases an individual's risk of injury as a result of
impaired judgment, motor coordination, alertness, and reaction time.[WHO, 2008] Within
hospitals, the number of trauma patients with elevated blood alcohol concentration (BAC) ranges
widely by region, population characteristics and time. Among general emergency room patients,
the proportion of injuries involving alcohol ranges from 10-20%,[WHO, 2008] but has been
reported to exceed 50% in facilities with specialized trauma units.[Lowenfels and Miller, 1984;
Rivara et al., 1993; WHO, 2008]
Although the relationship between alcohol and injury incidence is well researched,
particularly among injuries caused by motor vehicle crashes, there continues to be dispute about
the relationship between alcohol and mortality following an injury. There have been numerous
studies that have evaluated the relationship between blood alcohol concentration and in-hospital
mortality. Some have shown an increase in mortality,[Waller et al., 1986; Pories et al., 1992;
Fabbri et al., 2001] others a decrease[Ward et al., 1982; Kraus et al., 1989; Blondell et al., 2002;
Tien et al., 2006; O’Phelan et al., 2008; Salim et al., 2009; Yaghoubian et al., 2009] and still
some which have shown no significant relationship.[Huth et al., 1983; Jurkovich et al., 1993;
Madan et al., 1999; Shih et al., 2003; Shandro et al., 2009; Zeckey et al., 2011] It is important to
understand the true relationship between BAC and in-hospital mortality in order to identify the
physiological factors underlying the relationship so that emergency physicians can provide the
most appropriate treatment to the injured patient.
Past studies have been restricted to specific injury types (in particular traumatic brain
injury), specific causes of injury (e.g. motor vehicle crashes), localized in individual hospitals
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without specialized trauma units, and small sample sizes with few deaths (<1000 patients and/or
<100 fatalities). Nearly all the past studies have used the definition of "intoxication" based on
legal precedent rather than on physiological rationale. These studies have considered
"unintoxicated" patients as persons with a BAC below 50-100 mg/dl (as a reference, the legal
BAC in the U.S. is generally 80mg/dl). But research clearly shows that physiological changes
occur even at levels below 50 mg/dl, although these effects vary with frequency of exposure to
alcohol.[Mitchell, 1985; McKim, 1991; Ogden and Moskowitz, 2004] Most have restricted their
analyses to dichotomous categories for blood alcohol concentration (negative vs. positive; not
intoxicated vs. intoxicated), which have prevented an analysis of the dose-response relationship.
Two studies restricted to specific injury types have used two levels of positive BAC in addition
to a reference group, but both studies had very few fatalities within their defined BAC groups,
making the confidence limits unstable.[Pories et al., 1992; Tien et al., 2006] All the variations in
study inclusion criteria, facility type, classification of BAC and sample size issues may explain
the different outcomes reported in the literature. In addition, no study has looked at the
spectrum of BAC across multiple dosage levels to better elucidate the dose response relationship
between alcohol and in-hospital mortality.
Studies are needed that include a large sample size and broad representation of the
population with a sufficient number of in-hospital fatalities that allow to control for multiple
confounders; this is critical to evaluating the effect of alcohol on in-hospital mortality, as well as
investigating the relationship within subgroups. The objective of this study was to evaluate the
dose response relationship of BAC and in-hospital mortality using a large population based state
trauma registry, and to assess this relationship within subgroups of patients previously reported
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in the literature in order to describe how the relationship between BAC and mortality is
influenced by severity and type of injury.

Materials and Methods
This study was a retrospective analysis of traumatic injuries occurring between 19952009 as reported to the State of Illinois trauma registry. The Illinois Department of Public
Health provided us with complete trauma registry dataset. All of the State’s level I and II trauma
centers (N=62) are required to report all patients (1) sustaining traumatic injuries (ICD-9-CM
external injury codes E800-995) and admitted to a trauma center for > 12 hours, (2) transferred
to a level I or II trauma center or (3) dead-on-arrival or died in the emergency department.
Trained personnel enter data into a standardized electronic form at each respective trauma center
from medical records upon discharge of a patient. All reliability and cleaning operations were
previously performed on the Illinois trauma registry (ITR) and the registry was found to meet the
highest quality control criteria as assessed by the North American Association of Central Cancer
Registries.[Friedman and Forst, 2007]

Inclusion Criteria
The analysis included all patients with a reported blood alcohol toxicological
examination, with levels ranging from zero to 500 mg/dl (N=190,612). Blood alcohol
concentration (BAC) is measured at the time of admission to the trauma unit. Patients with BAC
greater than 500 mg/dl were excluded from the analysis (N=371). Although BAC above 500
mg/dl is physiologically possible, it is rare and there was concern that the reported concentration
levels may be incorrect.
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Primary Outcome Variable
The outcome of interest for this study was in-hospital mortality of patients treated in the
level I and II trauma centers. Deaths occurring prior to arrival at the trauma center (i.e. persons
who died at the scene of injury) and those occurring during the initial assessment within the
emergency room were not used to calculate the in-hospital mortality. The latter group includes
two types of patients: (1) no vitals on admit but achieves measure BP during resuscitation but
then subsequently dies prior to formal intake, and (2) dies in ED who has no vitals on admit and
never achieves measure BP/vital during resuscitation.

Covariates
In this study, the distribution of traumatically injured patients by BAC and patterns of
traumatic injuries by severity of injury are described. ICD-9 NCODES were used to assess body
region and type of injury based on the Barell classification matrix.[Barell et al., 2002] The
study includes various measures of injury severity including the injury severity scores indicating
serious injuries (ISS>16). The injury severity score is based on the Abbreviated Injury
Scale.[Baker et al., 1974] ISS scores are calculated at the time of discharge and are based on all
NCODES for injuries identified during the course of hospitalization.

Statistical Analysis
All statistical analyses were conducted using SAS software (v.9.2; SAS Institute Inc.,
Cary, NC). A multivariable logistic regression model was developed to evaluate the relationship
between BAC and in-hospital mortality, and the final model was selected using the maximum
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likelihood statistical method (similar to manual stepwise model building). BAC was a
continuous variable in all the models. Odds ratios for both the unadjusted and adjusted models
are presented, including the 95 percent confidence intervals. The c-statistic, a measure of
predictive model accuracy, is also presented as one of the diagnostic measures used to assess
model fit. The final multivariable logistic regression models included the following variables:
BAC (continuous), age (continuous), gender (dichotomous), race/ethnicity (categorical; white
was the reference category), number of hospitalization days (Length of Stay; continuous),
treatment in an intensive care units (dichotomous), use of mechanical ventilation (dichotomous),
need for surgical intervention (dichotomous), penetrating injuries (dichotomous), injury severity
scores indicating serious injuries (ISS>16; dichotomous), the Charlson Comorbidity
Index[Charlson et al., 1987] and complications associated with increased mortality in trauma
patients (continuous; cumulative frequency of distinct diagnostic codes).

The trauma

complications included in the analysis were general complications with ICD-9-CM codes of 958
to 959, poisoning during the course of medical treatment, acute posthemorrhagic anemia,
cerebral edema/anoxia/encephalopathy, hypotensive shock, pulmonary insufficiency as a result
of trauma, acute respiratory failure, and septicemia. Each patient in the trauma registry has up to
25 ICD-9 diagnosis codes listed in their record and these were used to calculate the Charlson
Comorbidity Index and evaluate trauma complications. No evidence of multicolinearity among
the independent variables was indicated (Tolerance values ranged from 0.65 to 0.97, averaging
0.85).
Because past studies have used various inclusion criteria or focused on specific injury
types, a variety of stratified multivariable models were evaluated to look at the relationship
between BAC and in-hospital mortality among patients suffering light/moderate injuries
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(ISS<16), serious injuries (ISS>16), burns, type 1 and 2 traumatic brain injuries,[Barell et al.,
2002] internal injuries to the torso, spinal cord injuries, blunt injuries only, and penetrating
injuries. In addition, to further evaluate potential selection bias, stratified models of injuries
excluding traumatic brain injuries, patients who met the anatomic triage criteria, patients who
met the mechanism of injury triage criteria, and only inpatients (LOS > 24 hours) were analyzed.
Patients meeting the physiological triage criteria (blood pressure, respiratory rate or Glasgow
Coma Scale) were not analyzed because these can change between the pre-hospital setting where
the triage decision is made and the point of hospital admission – the point in which the data is
collected and reported in the registry. A two-sided p-value less than 0.05 was considered
statistically significant. All odds ratios are presented as the odds of dying during hospitalization
for every 100 mg/dl units change in BAC. The dose response curves (Figures 2 and 3) provide
the change in predicted in-hospital case fatality rates per individual unit of BAC based on the
unadjusted and stratified logistic regression models. Among those who died, proportional ratios
(proportion in patients with no measureable BAC divided by persons testing positive for BAC)
were calculated to determine differences in medical complications. Only proportional ratios
greater than 2.0 are provided.

Missing Data Analysis
There were a total of 466,869 (71%) patients missing toxicological exams for blood
alcohol concentration. The patients missing toxicological findings on BAC were
disproportionately under the age of 16 and over 65 years of age (52%) compared to only 10.8%
among those with reported BAC levels. In addition, patients with missing toxicological exams
for BAC disproportionately suffered injuries from falls (50.0%), compared to only 13.6% among
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persons with toxicological exams. A comparison of persons missing toxicological exams for
blood alcohol concentration and those with no detectable BAC were nearly identical across all
demographic, cause of injury and place of injury measures. The in-hospital fatality rate was also
nearly identical (missing BAC, 4.4% CFR; BAC equal to zero, 4.3% CFR) as well as the number
of severe injuries (ISS=>16; missing BAC, 19.5%; BAC equal to zero, 21.6%). In order to
address the issue of missing BAC data, three alternative multivariable models were developed.
An analysis of missing data indicated the data was missing at random (MAR) within
strata.[Allison, 2002]
In the first alternative model, only patients from hospitals (N=8) that tested and reported
BAC results for 70% or more their patients were analyzed. This high reporting rate is in contrast
to the overall reporting rate of approximately 30%. Toxicological examination policies vary by
hospital as do the reporting of these results in medical records. These hospitals include three of
the large urban Chicago trauma centers and five suburban/rural facilities. The second model,
included only patients between the ages of 16 and 65 years to account for differences in
missingness between age stratas.
The third alternative model using Rubin’s multiple imputation method[Allison, 2002] to
impute missing BAC (SAS 9.1; Proc MI and MIANALYZE) was developed based on the
assumption that persons without toxicological examinations may have positive BACs. Rubin’s
multiple imputation method derives a final regression model from the average of twenty random
imputation models utilizing distributions via Markov chains. The condition of missing at
random was confirmed prior to imputation. The regression coefficients were used to calculate
estimated missing BAC. All the variables included in the multivariable logistic regression
models were included in the imputation model and were all statistically significant.
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IRB approval was made the University of Illinois at Chicago Internal Review Board.
Protocol approval number # 2008-0060. No funding was solicited or received for this study.

Assessment of Potential Selection Bias
To describe the case capture and potential selection bias in the trauma registry, the
Illinois hospital discharge database (1999-2009) was evaluated. The Illinois hospital discharge
database includes all patients treated for more than 23 hours in any Illinois hospital (i.e.
inpatients only) for any medical reason. The hospital discharge database includes patients found
in the trauma registry, as well as those treated in hospitals without trauma units. The Illinois
Hospital Association compiles, manages and ensures quality control of the database. The hospital
discharge database includes detailed variables on patient demographic characteristics, reason for
hospitalization, diagnoses, medical procedures, and type of specialists. To assess the case
capture rate of the trauma registry, the proportion of acutely injured patients admitted and the
total number of traumatic injury deaths that occur in hospitals with and without specialized
trauma care are analyzed in the hospital discharge database. Because BAC toxicological
screening is not available in the hospital discharge database, a proxy measure for pre-hospital
alcohol consumption based on ICD-9-CM codes identifying alcohol dependency, diseases
associated with ethanol abuse, and alcohol rehabilitation/detoxification was used to identify
potential BAC positive patients (NCODES: 291, 303, 305.0, 357.5, 425.5, 535.3, 571.0-.3,
790.3, 980; VCODES: 11.3, 70.4, 79.1; ECODES: 860.0; PCODES: 94.62, 94.63, 94.68, 94.69).
The hospital discharge data was used to validate the case capture rate of the trauma registry and
was not used in the primary analysis.
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Results
Table 1 presents measures of severity of injury by BAC. The lowest proportion of
penetrating injuries was observed among those with the highest BAC. The proportion of
patients suffering severe injuries (ISS > 16) was also lower in the highest BAC groups. In
contrast, the mean Glasgow Coma Scale and the proportion of patients treated in an intensive
care unit or requiring mechanical ventilation was relatively consistent across all groups. The
most common types of injuries across all BAC categories were fractures, internal injuries, and
open wounds. Table 1 shows the distribution of injuries by major body part and type of injury.

In-Hospital Fatalities
There were a total of 6,733 in-hospital fatalities in this study (BAC below level of
detection, N=4,002 (4.2%); under 100 mg/dl, N=1,028 (3.3%); 100 to 199 mg/dl, N=832 (3.1%);
200 to 299 mg/dl, N=669 (2.6%); and 300 to 500 mg/dl, N=202 (1.9%). Among those that died
following admission to the hospital, mean length of stay had a curvilinear relationship with
increasing BAC as follows (mean LOS): BAC below level of detection, 4.63 days; under 100
mg/dl, 3.81 days; 100 to 199 mg/dl, 3.17 days; 200 to 299 mg/dl, 4.54 days; and 300 to 500
mg/dl, 5.18 days. Figure 1 shows the survival curves by BAC. The overall shapes of the
survival curves are similar across all BAC groups. Most patients died during the first 24-48
hours, and then the mortality rate steadied off during the remainder of the first 31 days of
hospitalization. Among those who died, patients with zero BAC were disproportionately more
likely to suffer from the following medical complications as compared to cases (proportional
ratios given): all ischemic heart disease (9.2), acute myocardial infarction (10.4), aortic
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aneurism (6.2), atrial fibrillation (2.3), paroxysmal ventricular tachycardia (2.0), and alkalosis
(2.4). Similar differences were observed among patients that survived. The proportion of
patients diagnosed with infectious diseases during hospitalization was slightly higher among
patients with zero BAC (BAC below level of detection, 4.1%; under 100 mg/dl, 3.3%; 100 to
199 mg/dl, 3.8%; 200 to 299 mg/dl, 3.5%; and 300 to 500 mg/dl, 3.0%).

Multivariable Models
In the primary multivariable model (Table 2), the odds of dying during hospitalization
decreased in a dose dependent manner with increasing BAC. The adjusted odds ratio was
relatively consistent across (1) the primary adjusted model, (2) the model including only patients
from facilities with reporting rates for BAC above 70% of the patients entered into the trauma
registry, (3) the truncated model which only included patients 16 to 75 years of age, and (4) the
model with imputed values for patients with missing BAC.

Among those suffering burns,

positive BAC was not associated with a significant change in mortality. There was no statistical
evidence that the relationship between in-hospital mortality and BAC was non-linear in any of
the models.

Case Capture and Selection Bias
Based on the analysis of the hospital discharge dataset, 61.8% of persons suffering
traumatic injuries are admitted to hospitals with trauma units. However, 75.6% of serious
injuries (ISS>16) are admitted to hospitals with trauma units in Illinois, and therefore captured in
the trauma registry. A large proportion of the deaths (70.5%) occurring following admission to a
hospital for a traumatic injury occur in hospitals with trauma units, but the proportion of deaths
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is much higher among the seriously injured (ISS>16; 86.9% of all deaths). Based on data from
the trauma registry, the specificity and positive predictive value of the proxy measure for BAC
based on diagnostic and procedure codes was 99% and 95% respectively, although the sensitivity
was low (18%; i.e. misses most of the true positive BAC cases). In the hospital discharge
dataset, the dichotomous proxy measure for identifying positive BAC was strongly associated
with lower in-hospital mortality (adjusted OR= 0.62; CI95%: 0.59, 0.65; p<0.001). The same
proxy measure in patients from the trauma registry showed an adjusted odds ratio of 0.41
(CI95%: 0.35, 0.49; p<0.001). The direction of the relationship between BAC and in-hospital
mortality was the same as observed in the primary model based only on patients from the trauma
registry.

Discussion
The primary finding from this retrospective analysis of a registry including all patients
treated for traumatic injuries in level 1 and 2 trauma units in Illinois between 1995 and 2009 is a
substantial inverse relationship between in-hospital mortality and blood alcohol concentration.
The large database allowed for a comprehensive stratification of the data to look at subgroups,
and to describe the dose-response relationship between BAC and in-hospital mortality. Across all
the multivariable models, increasing levels of BAC were strongly associated with lower inhospital case fatality rates, with the exception of persons suffering burns. Figure 3 demonstrates
a substantial reduction of in-hospital case fatality rates by BAC in particular among patients
suffering penetrating and or severe injuries (ISS>16). The most important finding within the
missing data analysis was that among the eight hospitals with BAC results for 70% or more of all
their patients, the dose response curve was nearly identical to the general crude and multivariable
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models, further confirming that absent BAC values were missing at random (though not missing
completely at random-MCAR).[ Allison, 2002]
The large sample used for this analysis allowed for the simultaneous analysis of
subgroups, but may have potentially lead to identifying statistically significant associations that
were not clinically important. In-hospital mortality in Illinois trauma units is rather low (2-4%),
therefore small absolute differences between groups can result in large relative differences.
However, when the odds ratios were converted into predicted probabilities, the reduction in case
fatality rates was substantial – up to 50% decline (Figures 1-3).
An important next step is to test the relationship in a controlled setting and conduct more
physiological studies to identify the biomechanism behind this phenomenon. There have been
only a few studies evaluating the physiological mechanisms related to alcohol and injury in
human subjects -- the majority involve animal studies, but the studies often contradict one
another because of different inclusion criteria. Some studies evaluating traumatically injured
intoxicated patients have shown an increase in the use of blood products,[Fabri et al., 2001]
while others a decrease,[Zeckey et al., 2011] and some no difference.[Tien et al., 2006] One
study demonstrated an absence of significant differences in markers of immunosuppression
following injury,[Zeckey et al., 2011] and two others found no significant difference in the
occurrence of infection.[Zeckey et al., 2011; Von Heymann et al., 2002] While other researchers
have reported adverse immunoresponse following hemorrhagic shock,[Phelan et al., 2002;
Molina et al., 2004] and an increase in infection and other medical complications among burn
patients.[Kelley et al., 1992; Choudhry and Chaudry, 2006; Griffin et al., 2009] Some studies
have reported neuroprotective effects of alcohol through action on the NMDA complex and
catecholamines,[Ward et al., 1982; Kelly et al., 1997; Tureci et al., 2004] and this relationship
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may be modified by the presence of caffeine.[Strong et al., 2000; Piriyawat et al., 2003]
Inhibition of NMDA receptors reduces intracellular calcium accumulation and hyperglycolysis,
which is associated with reduced lesion size in the brain[Kelly et al., 1997]. In our study, cases
were disproportionately less likely to have cardiac complications, and slightly lower proportion
of infections.
A selection bias represents the greatest potential limitation to this study if the following
occur (1) persons with elevated BAC are more likely to die in the pre-hospital setting, (2)
persons with elevated BAC are more likely to be triaged to hospitals with specialized trauma
units because of confounding of the pre-hospital triage assessment, and (3) persons with a
negative BAC are disproportionately under-triaged to facilities without specialized trauma care.
The findings from this study do not tell us about overall mortality, pre-hospital mortality
or deaths occurring among patients undertriaged to lower level trauma units or general
emergency rooms. Therefore, injuries occurring in rural areas and individuals who die in the
pre-hospital setting may not be included in this dataset. If persons with elevated BAC are more
likely to die during the pre-hospital phase, then our findings may be biased. However, the most
comprehensive prospective study to date which looked at pre-hospital and in-hospital mortality
did not show that persons with elevated BAC were more likely to die in the field.[Jurkovich et
al., 1993]
Research clearly shows that patients transported directly to trauma units with advanced
care, bypassing closer hospitals without specialized care, are more likely to survive their
injuries.[Hartl et al., 2006; MacKenzie et al., 2006] Acute and chronic alcohol use is associated
with physiological changes that may result in the overtriage of these patients to hospitals with
specialized trauma units, in particular the misdiagnosis of traumatic brain injuries through the
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use of the Glasgow Coma Scale. The ICD-9 codes which are based on final diagnoses at the
time of discharge, allow us to evaluate our model based on anatomic and mechanistic triage
criteria that are not influenced by pre-hospital physiologic triage assessments. The analysis
shows that among persons with confirmed serious brain injuries using discharge diagnoses the
inverse relationship between BAC and mortality persists. If an important bias exists, the subset
of injured patients suffering no traumatic brain injuries would be biased because of the initial
misdiagnosis of a traumatic brain injury, but this subgroup shows the same pattern between BAC
and mortality.
Finally, if patients who did not consume alcohol prior to injury are disproportionately
under-triaged to facilities without specialized trauma care then their deaths would be missed in
the trauma registry. However, this would primarily affect the subgroup of patients suffering
traumatic brain injuries as discussed above. Our analysis of all patients admitted to hospitals for
acute injuries in Illinois shows that most injuries resulting in hospitalization and deaths following
admission are treated in facilities with trauma units, especially for the most serious injuries. The
findings from the stratified models looking at serious injuries (ISS>16) and inpatients only
(hospital discharge database only includes inpatients) continue to show an inverse relationship
between BAC and in-hospital mortality. Furthermore, among those patients triaged to trauma
units based on anatomic and mechanistic triage criteria[CDC, 2009]-- the physiological effects of
alcohol would be unrelated to triaging these patients-- the stratified models evaluating these
subgroups continued to validate the primary model. Lastly the proxy measure based on
diagnosis and medical procedure codes, which had a low sensitivity but high positive predictive
value of positive BAC levels, continued to show an inverse relationship between BAC and in-
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hospital mortality in the universe of inpatients in all Illinois hospitals as well as those within the
subset treated in trauma units.
Approximately 70% of the total patients in the registry did not have reported
toxicological results for BAC. However, in the subset of hospitals with high BAC reporting
rates, the relationship between in-hospital mortality and BAC was nearly identical to that
observed in the main model. In addition, the demographic characteristics and type of injuries
among this subset of patients were nearly identical to the overall sample.

Furthermore, among

those missing BAC results, the majority were patients that would generally fall under the radar -the elderly suffering orthopedic injuries from falls and injured minors. Both age groups would
have disproportionately fewer individuals testing positive for elevated BAC[Peck et al., 2008],
and the relationship between BAC and in-hospital mortality persisted in the stratified model
which excluded these two age groups (16-65 yr stratified model). Furthermore, the survival
curve of those missing BAC findings is most similar to the zero BAC group (Figure 1), as was
the overall CFR, the proportion of severe injuries (ISS>16) and certain demographic variables.
For the second alternative model, multiple imputation methodology was used to impute missing
BAC values. This approach has been used widely in many prominent governmental and private
studies, including some that have evaluated BAC,[Barnard and Meng, 1999; Subramanian and
Utter, 2003] and the dose response curve using imputed values approximated the main model.

Conclusion
In the clinical setting, it is important to understand not only how to recognize intoxicated
patients but also how alcohol may affect the course of treatment. The strength of the association,
the observed dose-response relationship, and the consistency of the findings across the various

17

multivariable models indicate that blood alcohol concentration is associated with a reduction in
in-hospital mortality among those that survive long enough to receive treatment in specialized
trauma units. The reduction in in-hospital mortality is not uniform but does vary across
subgroups, in particular for patients suffering burns (absence of association) and penetrating
injuries (strongest association). The substantial reduction in case fatality rates in those with
elevated BAC indicates that if the biomechanism was better understood, it would be feasible to
consider treating patients with alternative prophylactic treatments upon admission to help mirror
the potential benefits of alcohol.
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Figures Legend
Figure 1: Cumulative Probability of Survival During First 31 Days of Hospitalization by Blood
Alcohol Concentration Levels
Figure 2: Dose-Response Relationship between Predicted In-Hospital Case Fatality Rate and
Blood Alcohol Concentration (mg/dl), Comparison of Models
Figure 3: Dose-Response Relationship between Predicted In-Hospital Case Fatality Rate and
Blood Alcohol Concentration (mg/dl), Stratified Models
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Table 1: Injury Severity Measures and Types of Injuries in Relation to Blood Alcohol Concentration
Among Injured Patients Treated in Level I and II Trauma Units in Illinois: 1995-2009

Measures of Injury Severity
Mean length of stay in days (sd)
Mean Glasgow Coma Scale (sd)
In-hospital fatalities
Penetrating injury
ISS 16 and higher
Required surgical intervention
Treated in an intensive care unit
Required mechanical ventilation
Fracture
Skull (Cranial)
Other Head and Face (Facial)
Vertebral Column Injury
Torso
Upper Extremities
Lower Extremities
Internal Injury
Traumatic Brain Injury
Spinal Cord Injury
Torso
Open Wound
Other Head and Face
Torso
Upper Extremities
Lower Extremities

BAC below level of
detection
(N=95,901)

BAC Under
100mg/dl
(N=30,935)

BAC 100 to 199
mg/dl
(N=26,855)

BAC 200 to 299
mg/dl
(N=26,194)

BAC 300mg/dl and
above
(N=10,727)

5.1 (10.5)
13.9 (3.0)
4002 (4.2%)
13507 (14.1%)
18835 (19.6%)
29068 (30.3%)
28080 (29.3%)
10422 (10.9%)

4.7 (10.1)
13.9 (3.0)
1028 (3.3%)
7080 (22.9%)
5739 (18.6%)
10026 (32.4%)
8724 (28.2%)
3282 (10.6%)

4.6 (10.4)
13.7 (3.3)
832 (3.1%)
5351 (19.9%)
4898 (18.2%)
9020 (33.6%)
7472 (27.8%)
3066 (11.4%)

4.1 (9.3)
13.5 (3.3)
669 (2.6%)
3606 (13.8%)
4255 (16.2%)
7320 (27.9%)
7113 (27.2%)
3018 (11.5%)

4.1 (11.1)
13.4 (3.2)
202 (1.9%)
992 (9.2%)
1485 (13.8%)
2123 (19.8%)
2875 (26.8%)
1157 (10.8%)

7636 (8.0%)
8322 (8.7%)

2410 (7.8%)
3299 (10.7%)

2364 (8.8%)
3327 (12.4%)

2201 (8.4%)
3401 (13.0%)

763 (7.1%)
1267 (11.8%)

10550 (11.0%)
16566 (17.3%)
14430 (15.0%)
15402 (16.1%)

2868 (9.3%)
4568 (14.8%)
4061 (13.1%)
4745 (15.3%)

2330 (8.7%)
3572 (13.3%)
3512 (13.1%)
4143 (15.4%)

1927 (7.4%)
3046 (11.6%)
2671 (10.2%)
3529 (13.5%)

579 (5.4%)
902 (8.4%)
711 (6.6%)
1010 (9.4%)

28603 (29.8%)
650 (0.7%)
19569 (20.4%)

9570 (30.9%)
184 (0.6%)
6659 (21.5%)

8023 (29.9%)
167 (0.6%)
5329 (19.8%)

9016 (34.4%)
143 (0.5%)
4179 (16.0%)

4213 (39.3%)
48 (0.4%)
1011 (9.4%)

23511 (24.5%)
5068 (5.3%)
8058 (8.4%)
6503 (6.8%)

8759 (28.3%)
2745 (8.9%)
3093 (10.0%)
2529 (8.2%)

9050 (33.7%)
2248 (8.4%)
2930 (10.9%)
1898 (7.1%)

9803 (37.4%)
1608 (6.1%)
2377 (9.1%)
1401 (5.3%)

4241 (39.5%)
474 (4.4%)
636 (5.9%)
332 (3.1%)
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Table 2: Multivariable Logistic Regression Analysis of In-Hospital Risk of Death by Blood Alcohol Concentration
Among Injured Patients Treated in Level I and II Trauma Units in Illinois: 1995-2009

Model
Primary Analysis
Main Model
Missing Data Analysis

N=

Unadjusted Odds Ratio
per 100mg/dl
(CI95%)
P-value

Adjusted Odds Ratio
per 100mg/dl
(CI95%)

P-value

c-statisticg

190612

0.82 (0.80, 0.84)

<0.001

0.83 (0.80, 0.85)

<0.001

0.905

Only Hospitals with 70%+ BAC reporting rate
Only patients 16-65 yrs

33991
169473

0.85 (0.80, 0.91)
0.89 (0.87, 0.92)

<0.001

0.83 (0.77, 0.90)
0.86 (0.83, 0.89)

<0.001

0.918

b

657481

0.90 (0.88, 0.92)

<0.001
<0.001

0.905
0.839

155400

0.79 (0.75, 0.83)

35212

0.88 (0.86, 0.91)

<0.001
<0.001

0.816
0.856

3330

1.04 (0.86, 1.26)

70778

0.874
0.927

a

Multiple imputation model

<0.001
<0.001

0.78 (0.76, 0.80)

c

Stratified Models
Injury Severity Score
ISS 1-15 (minor and moderate injuries)
ISS 16 and higher (severe injuries)

<0.001
<0.001

0.75 (0.71, 0.80)

1.02 (0.82, 1.27)

0.80 (0.77, 0.82)

0.682
<0.001

0.83 (0.80, 0.86)

0.857
<0.001

0.82 (0.78, 0.86)

<0.001

0.849

0.80 (0.68, 0.93)
0.88 (0.84, 0.93)
0.73 (0.67, 0.79)
0.86 (0.83, 0.88)

0.86 (0.83, 0.89)

Injury/ies included
Burns
Traumatic brain injuries (Type 1 and 2)

d

All Injuries excluding traumatic brain injuries

118266

0.80 (0.77, 0.84)

<0.001

Spinal cord injuries
Internal injuries in torso
Penetrating injuries
Blunt injuries only

3674
36747
30536
160076

0.75 (0.65, 0.86)
0.91 (0.88, 0.95)
0.74 (0.70, 0.79)
0.84 (0.81, 0.86)

<0.001

99935

0.81 (0.78, 0.83)

Met anatomic triage criteriae
Met mechanism of injury triage criteria
Inpatient only (LOS=>24 hours)

f

105705
161062

0.90 (0.87, 0.93)
0.81 (0.79, 0.83)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.79 (0.77, 0.82)
0.90 (0.86, 0.94)
0.81 (0.79, 0.84)

0.005

0.869

<0.001
<0.001
<0.001
<0.001

0.876
0.909
0.906
0.906

<0.001

0.910
0.926

<0.001

*Adjusted models include the following covariates: age, gender, race/ethnicity, length of stay, treatment in an intensive care units, use of mechanical ventilation,
penetrating injuries, injury severity score, need for an surgical intervention, Charlson Comorbidity Index and trauma complications
a
Truncated model - only includes data from hospitals in which 70% or more of all patients had a reported BAC level
b
Adjusted model used multiple imputation method (20 iterations) to impute missing blood alcohol levels for all patients missing reported toxicological findings
c
Stratified models restricted to patients within identified strata.
d
Barell et al. Inj Prev. 2002 (see citation #25)
e
Anatomic triage criteria include penetrating injuries to head, neck, torso and extremities proximal to elbow and knee, flail chest, two or more proximal long-bone fractures,
crushed/degloved/mangled extremity, amputation proximal to wrist/ankle, paralysis, pelvic fractures, and open or depressed skull fracture.
f
Mechanism of injury triage criteria included falls from one level or more (including intentional), motor vehicle crashes, pedestrian/cyclist crash with motor vehicle, and all motorcycle accidents.
g
C-Statistic is a measure of predictive model accuracy, values <0.7 indicate poor predictive fit; 0.7-0.8, acceptable; 0.8-0.9, excellent; 0.9+, outstanding.
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