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Abstract
Objective: To investigate the relationship between blood alcohol concentration (BAC) and severity of
neurological impairment.

Design: Retrospective cross-sectional study.

Participants: Subjects with traumatic spinal cord injury (SCI; N¼ 119) with dates of injury between 1991
and 2000 who received their acute treatment at a midwestern Model SCI Care System and for whom
information regarding BAC was available.

Analysis: Main outcome measure: severity of neurological impairment. Data were analyzed using v2 tests
and analysis of variance (ANOVA).

Results: A significant association was observed between impairment severity and BAC.

Conclusions: The study suggests that alcohol consumption is associated with severity of SCI. A more
rigorous study controlling for trauma attributes is necessary to confirm these results and appraise whether
alcohol has a potentiating effect on impairment. If borne out, the study’s findings may lead to alterations in
emergency room procedures and to changes in public health and education efforts resulting from
a reframing of the issue of safe consumption of alcohol.
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INTRODUCTION

In contrast to the improvements in automotive safety

features, emergency treatment procedures, and educa-

tion efforts directed toward injury prevention that have

occurred in recent years, there have been no apparent

reductions in the incidence of spinal cord injury (SCI) or

the tolls that SCI exacts, both on individual and societal

levels. Approximately 11,000 new cases of SCI occur each

year and the average costs for health care and living

expenses during the first year after SCI range from
$185,000 to $627,000, depending on the level of injury
(1). Chronic SCI is associated with a variety of health
problems, including hypertension (2), cardiovascular
disease, and diabetes mellitus (3). Furthermore, people
with SCI often face economic hardship, as is evidenced
by their high rates of chronic unemployment (4).

Alcohol consumption is known to be a risk factor for
serious accidents that can result in SCI and other severe
trauma. Numerous reasons for this have been proposed.
Alcohol slows the rate of visual scanning (5) and reduces
the ability to attend to random stimuli, such as are
experienced while driving (6). Additionally, alcohol
consumption is associated with increased risk-taking
behavior (7). Men, who incur the majority of SCI, have
lower perceptions of the risks of drinking and driving than
do women (8).

Although the legal, public health, and educational
communities have stressed the dangers associated with
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inappropriate use of alcohol, particularly among people
operating motor vehicles, the impact of these efforts has
not been optimal. According to a 1999 study, 0.001% of
all kilometers are driven by people with a blood alcohol
concentration (BAC) of equal or greater than 0.10%; this
increases to 14% on weekend nights (9).

It is accepted that alcohol use is associated with
increased incidence of traumatic injuries, including SCI,
with enhanced risks occurring among people engaged in
violence and sports (9,10) in addition to vehicular use. In
addition to increasing incidence of trauma, however,
there are indications that alcohol consumption may also
lead to worse outcomes among those who incur trauma.
Laboratory studies have suggested that alcohol has
a potentiating and detrimental effect, and that even
relatively small doses may significantly increase suscepti-
bility for increased trauma severity. In animal studies,
survival rates and severity of neurological impairment
have been linked to alcohol (11,12). Other studies have
observed that alcohol exposure has an effect at the
cellular level, reducing cell membrane integrity (13).

Unlike the laboratory evidence, clinical evidence has
been inconsistent. Two studies conducted with general
trauma patients in the 1990s found that having a positive
BAC, (þ) BAC, was not associated with worse outcomes,
controlling for factors such as seatbelt use and chronic
alcohol abuse (14,15). A study of clinical outcomes
among people with SCI that contrasted Functional
Independence Measure scores for people with (þ) BAC
and (�) BAC also found no differences (16). Other studies
came to conflicting conclusions: subjects with a (þ) BAC
experience greater blood loss, require more operative
procedures (17), and incur more severe traumatic brain
injuries (18). A survey of men with SCI found that,
controlled for a number of factors, tetraplegia was more
prevalent among those who had consumed alcohol at
the time of injury (19). A study that controlled for crash
characteristics found that motor vehicle crash victims
with (þ) BAC had significantly higher injury severity
scores than did those with (�) BAC (20). As suggested by
some laboratory research, this study found alcohol
consumption to be associated with elevated injury
severity scores even for low levels of (þ) BAC.

A proper understanding of these issues has important
implications for society in terms of education, policy, and
treatment. Our legal system is focused on prevention of
driving while grossly intoxicated; having consumed
alcohol sufficient to impair judgment and response time.
Similarly, our education efforts focus on ameliorating the
problem of drunk driving. Although successfully elimi-
nating clinically impaired drivers from the roads would
have a significant positive impact on public safety, these
combined public health efforts may have the erroneous
and unintended effect of suggesting that driving after
lower levels of alcohol consumption is essentially safe.
Additionally, if potentiation does occur, public health
messages need to explain that all vehicle passengers are

at risk for injuries of increased severity, and thus,
although it will prevent accidents, having a designated
driver is only a partial solution.

The current study explores the relationship between
BAC and trauma severity among people with SCI, asses-
sed in terms of level and degree of neurological
impairment. The hypothesis follows from current under-
standings based on laboratory research and clinical
studies looking at more general injury severity measures.
The specific hypothesis guiding this research is that, when
injured, individuals with a (þ) BAC have more severe
neurological impairments than do those with a (�) BAC.

METHODS
Participants
The study sample is comprised of 119 persons who
received inpatient acute care for new, traumatic SCI from
a Model SCI Care System located in the Midwestern
United States during the period between 1991 and 2000.
Either they must have received emergency services there
or, if transferred from another institution, records
concerning their initial BAC must have been available
for them to qualify for study inclusion. Persons younger
than 16 years were excluded from the sample pool as
were those with concurrent traumatic brain injuries, the
latter because American Spinal Injury Association (ASIA)
examinations are less reliable in this population (21).

Measures
Blood alcohol content was assessed based on blood work
done shortly after admission to the Emergency De-
partment. Subjects were classified with (þ) BAC if their
BACs were greater than zero. In 5 cases, although
laboratory values could not be obtained, determination
was made based on clinical notes included in subjects’
medical charts that explicitly stated that they had a (þ)
BAC. These subjects were excluded from those secondary
analyses for which exact BAC values were required.

Data on etiology were obtained from the center’s
local database, which shares a common structure with
that of the National Spinal Cord Injury Statistical Center
database. A record review found that within this sample,
all etiologies fell into 1 of 3 global categories: vehicular,
violence, or sports. Because mechanism of injury rather
than type of activity was of interest, sports etiologies were
reclassified as either vehicular or falls, depending on
which type of impact the specific sporting activity best
reflected. For example, whereas diving is classified as
a sports etiology, mechanistically, it is appropriately
classified as a fall. Conversely, auto racing is most
appropriately classified as a vehicular etiology.

Impairment severity was classified using a 3-level
system that combines completeness and level of injury.
This classification system is based on the International
Standards for Neurological Classification of Spinal Cord
Injury developed by ASIA and the International Medical
Society of Paraplegia (22). The 3 neurological groupings
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are: ASIA grade D, regardless of level of injury (ASIA D);
paraplegia, ASIA grades A, B, or C (Para ABC); and
tetraplegia, ASIA grades A, B, or C (Tetra ABC).
Neurological assessment was based on subjects’ initial
assessments within 24 hours after injury, on entry to the
institution’s acute care facilities.

Statistical Analysis
Preliminary analyses involved exploring differences be-
tween the sample members with (þ) BAC and (�) BAC in
terms of their demographic attributes. Subsequently, to
address the primary hypothesis that individuals with a (þ)
BAC would have more severe impairments, subjects with
(þ) BAC and (�) BAC were contrasted in terms of their
neurological status, using v2 tests. As an additional
analysis, analysis of variance (ANOVA) was performed to
assess the relationship between impairment severity and
BAC among those subjects with (þ) BAC.

RESULTS
Of the 119 subjects in the study, 50 (42%) had a (þ) BAC
at the time of their injury. Among those with a (þ) BAC,
the mean BAC was 0.15 with a standard deviation of
0.06. Seventy-five percent of these persons had a BAC
greater than 0.11, and for 25%, BACs exceeded 0.18.
Among the total sample, 34% had BACs greater than
0.08, the maximal level at which people over the age of
21 can legally operate a motor vehicle; among those with
(þ) BAC, 87% had BACs greater than 0.08.

The breakdown of subjects by severity of neurological
impairment is: ASIA D, 13%; Para ABC, 40%; and Tetra
ABC, 47%. Males were more likely to have a (þ) BAC than
were females, as were nonmarried subjects. Although
overall, level of education was associated with alcohol

consumption at time of injury, this relationship was not
a simple one, with the highest rates of (þ) BAC being
found among those having completed high school; those
with lower or higher levels of education had similarly lower
rates. A depiction of the study subjects is shown in Table 1.

Analysis of the relationship between BAC status and
the severity of neurological impairment on admission to
acute care indicates that, as hypothesized, those with
a (þ) BAC did have more severe impairments (v2¼ 6.91;
P , 0.05). Among those with a (þ) BAC, 60% had Tetra
ABC impairments, compared with 38% of those with
a (�) BAC. In contrast, 6% of individuals with a (þ) BAC
had ASIA D impairments, compared with 17% of those
with (�) BAC. These results are shown in Table 2.

Analysis within the (þ) BAC subsample of the
relationship between BAC and impairment severity
demonstrated no relationship. Analysis of variance found
nominal differences among the 3 impairment groups in
terms of BAC (F ¼ 0.32; P ¼ 0.73).

DISCUSSION
This study is unique in looking at BAC in relationship to
SCI. Its findings provide support for our hypothesis.
People incurring SCI with a (þ) BAC tended to have more
severe impairments than did those with (�) BAC, as
defined by their neurological status on admission to
acute care. Additionally, our data suggest that the
relationship observed between alcohol consumption
and severity of impairment is not a function of level of
consumption.

There are 2 different explanations for the observed
relationship between BAC and severity of neurological
impairment. First, the trauma characteristics for those
with (þ) BAC and (�) BAC may differ. Second, alcohol

Table 1. Sample Characteristics

(�) BAC (þ) BAC Total

Gender*
Male 50.5% 49.5% 83.2%
Female 95.0% 5.0% 16.8%

Marital status**
Married 76.0% 24.0% 57.6%
Not married 44.1% 55.9% 42.4%

Education***
, High school 76.7% 23.3% 28.0%
High school 50.0% 50.0% 52.3%
. High school 76.2% 23.8% 19.7%

Etiology
Vehicular 58.1% 41.9% 62.2%
Violence 58.3% 41.7% 10.1%
Falls 57.6% 42.4% 27.7%

Age, y (SD) 36.4 (13.4) 35.7 (11.1) 36.1 (12.4)
Length of hospitalization, d (SD) 73.2 (47.8) 69.5 (44.3) 71.7 (46.1)

*P , 0.0005; **P , 0.001; ***P , 0.05.
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may have a potentiating effect on severity. This study was
not able to address the first of these explanations,
although there have been a number of studies that
suggest that there are systematic differences in the
accident conditions for alcohol-involved traumas, for
instance, people with a (þ) BAC who are injured in
vehicular accidents are less likely to wear seat belts (23).
The study’s findings do provide support for previous
laboratory and clinical research that advocated the
potentiation theory (14–16,18–21), suggesting that this
is observed in SCI. The analysis of differences in
impairment severity among the subsample with a (þ)
BAC is concurrent with the proposition that this
potentiating effect commences at low BAC (13,22).
These 2 explanations, differences in trauma attributes
and potentiation, are not in conflict; both may be correct.

The authors recognize several study limitations, not
the least of which is the inability to control for trauma
severity. Few subjects had a low BAC, and, thus, although
the conclusions are likely to be valid in the moderate and
high BAC range, it is unclear whether it is appropriate to
extrapolate them to low levels, for which there were
relatively few observations. The delay between trauma
and BAC assessment may have led some subjects with
initially low BAC levels to be misclassified as having a (�)
BAC. This may have underestimated the magnitude of
the relationship between BAC and impairment. Finally,
the small sample size prohibited the conduct of
multivariate analyses.

CONCLUSION
Although numerous studies have been conducted that
have explored the role of alcohol as a risk factor, this
study is novel in its appraisal of the impact of alcohol
consumption on injury severity among people with SCI. It
indicates that people using alcohol tend to have more
severe SCI and that this may be independent of amount
of consumption. Future, prospective studies that control
for trauma severity can formally address the issue of
whether alcohol has a potentiating effect on impairment
severity in SCI, and, if it does, at what BAC this com-
mences. If, as this study suggests, there is a potentiating

effect with a relatively low onset, there are significant
implications for how we as a society conceptualize ‘‘safe
drinking,’’ and as a result, this may warrant changes to
our public health and education efforts. It would be
important to teach that just as driving under the influence
of alcohol is dangerous, so too is ‘‘riding while under the
influence.’’ Similarly, the risks inherent in driving with
a subclinical BAC would need to be more plainly stressed.
These findings could also have important implications for
modification to emergency protocols, perhaps leading to
changes in patient assessments and triage practices based
on whether a patient has a (þ) BAC.
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