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Abstract

Alcohol consumption causes injury in a dose-response manner. The most common mode of sustaining
an alcohol-attributable injury is from a single occasion of acute alcohol consumption, but much of
the injury literature employs usual consumption habits to assess risk instead. An analysis of the acute
dose-response relationship between alcohol and injury is warranted to generate single occasion- and
dose-specific relative risks. A systematic literature review and meta-analysis was conducted to fill
this gap. Linear and best-fit first-order model were used to model the data. Usual tests of heterogeneity
and publication bias were run. Separate meta-analyses were run for motor vehicle and non motor
vehicle injuries, as well as case-control and case-crossover studies. The risk of injury increases non-
linearly with increasing alcohol consumption. For motor vehicle accidents, the odds ratio increases
by 1.24 (95% CI: 1.18-1.31) per 10-gram in pure alcohol increase to 52.0 (95% CI: 34.50 — 78.28)
at 120 grams. For non-motor vehicle injury, the OR increases by 1.30 (95% CI: 1.26-1.34) to an OR
of 24.2 at 140 grams (95% ClI: 16.2 — 36.2). Case-crossover studies of non-MVA injury result in
overall higher risks than case-control studies and the per-drink increase in odds of injury was highest
for intentional injury, at 1.38 (95% CI: 1.22 — 1.55). Efforts to reduce drinking both on an individual
level and a population level are important. No level of consumption is safe when driving and less
than 2 drinks per occasion should be encouraged to reduce the risk of injury.
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1. Introduction

There is little doubt that alcohol consumption causes injury (Rehm et al. 2003). Although the
risk of alcohol-attributable injury from motor vehicle accidents (MVA) is the most visible
connection in the research literature and popular media, a large body of work has shown that
alcohol consumption is broadly associated with the risk of both intentional and unintentional
injury in cross-sectional (Watt et al., 2005; Vingilis et al., 2007; Goodman et al., 1991;
Malmivaara et al., 1993; lvers et al., 2006), case-crossover (Borges et al., 2006; Vinson et al.,
2003), and case-control analyses (Peck et al., 2008; Smith et al., 2001). The most common
mode of sustaining an alcohol-attributable injury is from a single occasion of acute alcohol
consumption, most commonly leading to intoxication and/or drunkenness and thus impairment.
Recent work has shown that engaging in such occasions of acute consumption repeatedly
results in high cumulative risks of injury over the life course (Taylor et al., 2008; Rehm et al.,
2008). In previous work, measures of association have tended to show linear, dose-response
relationships with risk compared to zero alcohol consumption (Borges et al., 2006; Kuendig
etal., 2008; Li et al., 2001; Stockwell et al., 2002). What’s more, these general relationships
have persisted throughout the last 40-50 years of research (Borkenstein et al., 1964; Anda et
al., 1988), across countries and cultural boundaries (Cherpitel et al., 2006; Lin et al., 2003;
Fabbri et al., 2001; Kasantikul et al., 2005) and without major distinctions by age or gender
(Corrao et al., 1999), although absolute values of risk tend to be higher for young males
involved in fatal motor-vehicle crashes (Zador et al., 2000). Overall, the disease burden
attributable to alcohol consumption is high, particularly with respect to premature death and
disability (Rehm et al., 2009)

There are two particular problem areas in the literature of alcohol and injury. The first is varying
and/or unusable exposure measurements and the second is the inclusion of lab-based studies
to generate risk estimates. In the first case, injury risks have tended to be based on two drinking
models — usual consumption patterns or acute exposure. Information on usual consumption
patterns does not capture the influence of alcohol on a particular episode of injury. It does not
give information on whether alcohol was even consumed nor at what level prior to a specific
injury event. For acute exposure measures, even though we can be certain the alcohol
consumption occurred prior to the injury, many studies only report a dichotomous (YES/NO)
measure of alcohol consumption. This precludes the construction of dose-response curves that
have been informative in other areas of alcohol epidemiology, even though we are certain that
risk increases with number of drinks consumed. Tightly controlled lab-based studies do exist
and provide dose-response risk curves, but this is also problematic since tightly controlled
situations may not represent real world scenarios. Thus, case-control and case-crossover in
emergency room settings represent the best available evidence for measuring the real
association between acute alcohol consumption and injury outcomes. The only previous meta-
analysis for injury and alcohol consumption is Corrao et al. (1999), but this study suffered from
the same problem in exposure definition by only presenting risk estimates as a function of usual
consumption (Corrao et al., 1999).

This systematic review and meta-analysis thus aims to fill two gaps in this research at once—
(1) to calculate a dose-response curve between alcohol and injury (2) by using only high-
quality, real world epidemiological studies. Specifically, it will systematically seek out and
locate those articles that present risk estimates of injury by specific alcohol consumption
categories during the 6 hours immediately preceding the injury or report the blood alcohol level
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at the time of presentation/reporting of the injury. This will enable this analysis to pool acute
alcohol dose-response data to capture an overall estimate of drinking during the period
immediately before the outcome, and thus try to capture the true, real-world risk more
accurately.

2. Methods

This study was completed in three main phases: the systematic review, data abstraction, and
the meta-analysis.

2.1. Case Definition

The definition of injury was relatively broad in the sense that no strict adherence to ICD codes
or strict diagnostic criteria was followed, since some studies only used qualitative descriptions
of injury (e.g. “hit”, “cut”, “fall” etc.) and others used the more traditional ICD-9 or ICD-10-
based definitions. Most studies were either emergency room studies (e.g. Borges et al. 2006)
in which the patient presented with an injury, was admitted and recruited, or were MV A studies
based on accident data, (e.g. (Kriiger and Vollrath 2004)).

2.2. Systematic Review

A systematic review of the literature published between 1 January, 1980 and 21 November,
2008 was completed. Databases queried were Medline, EMBASE, CINAHL, PubMED, CABS
(BIDS), WHOKIST, SIGLE, ETOH, Alcohol in Moderation (Alcohol Industry Database), and
Web of Science using a pre-defined key word algorithm. Initially, the search used the bare
minimum in search criteria in order to cast the widest net (and therefore the most conservative
strategy) to identify articles. It combined the search terms “alcohol” AND “case control” OR
“case crossover” AND “risk” AND “injury” OR specific outcomes: “motor vehicle accidents”,
“poisonings”, “falls”, “suicide”, “homicide”, “drowning”, and was restricted to full articles
(excluded reviews, editorials, and letters) of human studies only. This resulted in 323 articles,
from which 182 were selected for closer inspection. For this analysis, only case-control or case-
crossover articles were selected since these represent the best available evidence on alcohol-
injury. Abstracts were selected from the total pool of identified citations and were excluded
from further investigation if at least one of the following criteria were met:

1. No indication of any information pertaining to an association between alcohol and
injury morbidity/mortality

2. The study was NOT a case-control or case-crossover

3. Inappropriate exposure data: No dose-response information presented (e.g., “yes”
versus “no” alcohol consumption was unacceptable in this case)

4. The article did not have an appropriate endpoint measure (e.g. improper case
definition)

5. Acute consumption was not presented e.g., average weekly consumption was used

In the event no abstract was available or existed, the full journal article was obtained and the
abstract was reviewed and assessed for exclusion based on the same criteria. For non-English
articles, a native speaker of the language in which the article was written completed the
translation. For those abstracts selected for further investigation, the full article was obtained
and judged based on the same five criteria. Only those articles NOT meeting any of the five
exclusion criteria were selected for data abstraction. Full reference lists of selected articles and
reviews were hand-searched to identify any studies that may have been missed in the systematic
search.

Drug Alcohol Depend. Author manuscript; available in PMC 2011 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Taylor et al. Page 4

2.3. Data abstraction

Information about the level of alcohol exposures in each study, the number of cases at each
exposure level, the total population at risk at each exposure level, the adjusted estimates of
relative risk (RR), and the corresponding upper and lower 95% confidence intervals of the
adjusted RR were all recorded. When ranges of alcohol were given, the midpoint was taken.
In cases where no upper bound for the highest category existed, 50% of the length of the
previous category range was added to the low bound and this measure was used. In some cases,
risks for increasing blood alcohol concentrations (BAC) were reported instead of consumption
in grams of pure ethanol prior to the event. In these cases, BAC was converted to grams of
consumption by using a modified Widmark formula (Brick 2006). The following formula was
used, solving for the number of beverages consumed and then converting to grams of pure
alcohol (taken from: http://www.cs.duke.edu/courses/fall05/cps001/labs/lab4.html, accessed
November 24t 2008):

BAC=[(0.01882816 x no.of beverages_ consumed X concentration)/(weight_ kg X gender_ fraction)] — (liver clearance rate)

Where:
0.01882816 = concentration of alcohol in blood (g/L)

concentration = alcohol by volume of the specific beverage type. For this analysis we assumed
40% (spirits), 12.5% (wine), 5% (beer).

weight_kg = weight in kilograms. For this analysis, average weights of men and women in
different countries were based on published data and were country specific.

gender fraction = percentage of water in the human body: this was assumed to be 58% for men
and 49% for women.

liver clearance rate = the rate at which liver metabolized alcohol per hour. This was assumed
to be 0.017 per hour. All drinking was assumed to have taken place in the three hours prior to
the BAC level being taken, corresponding to how many of the injury studies had measured
alcohol consumption.

To convert the number of drinks to grams, we assumed different standard drink sizes for
different countries in which the individual studies took place (US: 14g; Australia/New Zealand:
10g; Europe: 12g).

If the study did not include a measure of association but enough information existed for the
reviewer to calculate an odds ratio (OR) or RR, this was done. If the study only reported
combined (male + female) measures, the one measure was applied to both males and female
datasets.

2.4. Meta-analysis

Step 1—Quantifying the heterogeneity of risk estimates across all studies was important given
the diversity of study methods, effect sizes, and controlled variables (Thompson 1994).
Heterogeneity was quantitatively assessed among studies by using both the Q statistic and the
12 statistic (Higgins and Thompson 2002). To assess publication bias, two independent tests
were used - Begg’s and Egger’s regression asymmetry test for publication (Begg and
Mazumdar 1994; Egger et al., 1997). This was done to investigate whether the existing
literature was reflective of all studies, including negative or null associations, as well as those
reporting positive associations and high risk estimates. If the studies were found to be highly
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heterogeneous and a large amount of between-study variation existed, it would be important
to account for this variation by using a random effects model. If the opposite were true, a fixed
effects model was justified (Field 2001; Field 2003). All analysis was completed using STATA
software version 10.1 (Stata Corporation, College Station, TX).

Step 2—The meta-analysis step was the curve-generating step, using linear and first-order
fractional polynomial regression of the inverse-variance weighted data to estimate a best fitting
curve to the data according to Royston (Royston 2000). The first order fractional polynomials
take the general form shown in Equation 1:

Log (RR|x)=8;x"! (Equation 1)

Where x is the alcohol exposure level (in grams per day, P1 is the polynomial power and B is
the corresponding coefficient. No intercept term exists since all models have a start point of
Log RR =0 (RR =1 at zero consumption). For first-order models, P takes values from —2 to
+3. For model fitting, models were tested systematically from least to most complicated (linear,
first order, second order) using the GLST command in STATA. Best-fit curves or lines were
assessed using standard goodness-of-fit statistics, with an emphasis on decreased deviance
(gain) compared to the quadratic model. Comparisons of curves to determine the best fit were
made using a Chi-square distribution, as recommended by Royston and Altman (Royston and
Altman 1994), using the linear (P = 1) as the referent for all first-order polynomials.

In addition to abstracting the number of cases, controls, sex, measures of association, and 95%
confidence intervals, dummy variables for each study were created to differentiate between
studies of general injury or motor-vehicle accidents (0 or 1, respectively), and case-crossover
or case-control design (0 or 1, respectively).

Figure 1 illustrates the search and article selection process, with numbers of articles retrieved
and discarded at the abstract selection and the article selection phases.

3.1. Systematic Review

The systematic review identified 28 articles assessing the relationship between acute alcohol
and injury. 9 of the articles presented multiple separate analyses and thus it was possible to
present data from the same article on different groups. Overall, 39 datasets from the 28 articles
were included in this meta-analysis (see Table 1). The search identified 14 datasets (8 articles)
of MVA only (all case-control studies) and 25 datasets of other types of injury (23 articles). A
total of 6 studies used a case-crossover design and all studies except for 3 investigated only
injury morbidity as an outcome. Most studies reported combined estimates for males and
females, so it was not possible for this study to separate gender effects either.

Figure 2 shows the results of the heterogeneity assessment for non-motor vehicle accidents,
which indicated significant heterogeneity between these studies (Q-statistic = 136.74, df = 67
12 =51, p<0.0001). The meta-analysis was run as a random effects model in order to account
for this variability. Publication bias was detected by the Begg’s (p =0.023) and Egger’s (p =
0.004) tests, with scarcity seen at the bottom right of the funnel plot (not shown). The forest
plot shows the relative contributions of each study to the pooled estimate, which shows the
odds of a non-MVA injury increase by 1.30 (95% CI: 1.26-1.34) for every 10-gram increase
in alcohol consumption.
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Among non-motor vehicle accident studies, comparisons between case-control and case-
crossover studies were made. This analysis (not shown) indicated that case-control studies
presented lower overall risks than case-crossover studies (p = 0.02), reinforcing the substantial
heterogeneity seen in this group of studies.

The results of the heterogeneity assessment studies reporting motor vehicle accidents are shown
in Figure 3. A large degree of variation between study estimators was seen for this group of
injuries as well (Q-statistic = 485.11 df = 43, 12 = 91, p < 0.0001), indicating that a random
effects model would be appropriate for curve-fitting steps. No publication bias was detected
by either the Begg’s test (p= 0.732) or the Egger’s test (p=0.494). The forest plot in Figure 3
shows the odds of an MVA injury increase by 1.24 (95% ClI: 1.18-1.31) for every 10-gram
increase in alcohol consumption.

3.2. Meta-analysis

The results of the meta-analysis (Figures 4 and 5) showed a strong dose-response relationship
of alcohol consumption and both MVA and non-MVA injury. Initially, the linear model for
both MVVA and non-MVA curves was fit to the pooled data, and then a first-order best-fit curve
was attempted to try and improve the fit of the line to the data. For both MVVA and non-MVA,
the best-fit line was not the linear model but was P! = 2 (squared) and P! = 0.5 (square root),
respectively.

At 140 grams of pure alcohol consumption prior to injury, a maximum odds ratio of 24.2 (95%
Cl: 16.2 — 36.2) for non-MVA injury was calculated. The curve for MVA went up much
quicker, with an odds of about 52.0 (95% CI: 34.50 — 78.28) at 120 grams of alcohol consumed
in the three hours prior. Even at generally accepted moderate doses (24 grams per day, or 2
standard drinks), the odds ratios for non-MVA and MVA injuries were 1.79 (1.59 — 2.00) and
2.20 (2.03 — 2.09), respectively.

A second analysis was run that separated out different injury types, with the stipulation that
each injury-specific meta-analysis must have had at least 3 datasets included. This resulted in
4 distinct injury groups: violence (including one study on suicide), falls, MVA, and other
unintentional injury. Identical meta-analyses were run on each of these injury subtypes and are
shown in Table 2. Deviations from the non-MVA group were seen with falls, for which the
data fit best to a linear line. The two unintentional injury categories (falls and other
unintentional) had statistically similar pooled odds ratios, indicated by overlapping of
confidence intervals. Intentional injury had the highest odds ratio point estimate of all injury
categories and was significantly larger than the odds ratio of MVVA, but not significantly
different from the ratios for either falls or other unintentional injury. Separation of studies of
falls and intentional injury from the non-MVA category resulted in a small decrease in
heterogeneity of the other unintentional injury category, but the difference was non-significant
(not shown).

4. Discussion

This is the first meta-analysis to quantify the overall relationship between episodic alcohol
consumption and the risk of acute injury. It confirmed that the risk of injury rises monotonically
with increasing alcohol consumption, consistent with previous individual studies. Comparison
to the only other meta-analysis investigating alcohol and injury (Corrao et al., 1999) is difficult
since that analysis used average daily consumption as the exposure measure and not acute
drinking. The present study is the first meta-analysis to separate motor vehicle from non-motor
vehicle crashes and also the first to separate case-control from case-crossover studies. Non-
linear, positive relationships between alcohol consumption and the risk of injury were found
for both MVVA and non-MVA injuries, with non-MVA injuries having a greater proportional
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per-drink increase in risk, although confidence intervals overlapped slightly. As well, the risk
profile for intentional injury was found to be higher than other types of injury when analysis
by injury type was done, confirming previous, single studies (Cherpitel et al., 2005; Borges et
al., 2004).

There are a number of limitations that provide context to the risk estimates provided in this
article. Some of these are inherent to meta-analyses generally and some are specific to the
alcohol-injury field. Of the former, the first is the value of pooled risk estimates when the
heterogeneity between individual study risks is high (as in this analysis). Some have argued
that if heterogeneity is found to be significant, the merit of the pooled estimate is lowered.
However, tests of heterogeneity are generally underpowered and it is more important, and may
be of more use, to identify the sources of heterogeneity through more thoughtful consideration
rather than by the statistic alone (Thompson 1994; lonnadis 2008).

In this and all meta-analyses, differences between single studies in additional independent
variables, sample size, and statistical technique were apparent despite efforts to separate out
injury types as much as possible. When this was done, the heterogeneity dropped significantly
for each type of non-MVA crash, reinforcing the differences in risk estimates and methods
between them and the need for this kind of separation in future. As well, including observation
level data on confounding factors was not possible given the aggregate nature of the data and
data-sharing policy. Among individual studies, experimental design differed mainly with
variations between case-control and case-crossover designs. There are a number of differences
in these study types that can affect heterogeneity, the most important of which is obviously the
control group and the biases that result from this difference. In a case-crossover study, between-
person confounding is well controlled compared to case-control studies, but recall biases still
exist (Borges et al., 2006; Gmel and Daeppen 2007). Since the respondent is his own control,
the differences in cases and controls do not lie between people, but rather within people,
specifically, the time between case and control periods. The control period is farther away (e.g.
the week previous) from the case interview and therefore self-reported alcohol consumption
is more likely to be estimated or misreported by the respondent when interviewed at the case
period (current time). It is important, as well, that investigations of single-occasion drinking
and injury risk may be particularly susceptible to this type of recall bias - previous research
has reported that 7-day recall bias is higher in sporadic drinkers than regular drinkers, the
majority of whom are young men (Gmel et al., 2008), a group in which injury constitutes the
highest alcohol-attributable mortality (Rehm et al., 2006). Analysis of this 7-day recall bias
compared to 1 day prior found that respondents underestimated their consumption by almost
1 standard drink, meaning the injury risk estimates may be inflated in case-crossover studies
using 7-day recall methods (Gmel and Daeppen 2007).

A second important source of uncertainty in this analysis may be a result of differences in how
alcohol consumption is measured. Some studies used a breathalyzer or other blood-alcohol
measures while others use self-reported drinking in the time preceding the injury. This creates
the problem of determining the actual level of alcohol in the blood at the time of injury. The
Widmark formulas used to estimate numbers of standard drinks from BAC measures require
estimations of weight, time spent drinking, and liver clearance rates, all of which may combine
to cause considerable uncertainty in consumption estimates and thus the OR/RR. The literature
estimates the uncertainty (standard deviation) of Widmark methods between 1.2 and 2.1 drinks
per 10 standard drinks (coefficient of variation: 12.3% to 21.2%; (Gullberg 2007). In addition,
the correlation between objective and subjective measures is limited, showing a high degree
of uncertainty in the measurement of exposure (e.g., (Sommers et al., 2000)). Many of the
studies presented here used data from emergency room studies, which may not reflect all
alcohol-attributable injuries, nor the general population. However, the relative risks for
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alcohol-attributable death are considerably higher than for morbidity (Rehm et al., 2004), so
this study can be seen as a conservative estimate in this regard.

Lastly, previous work has shown that the relationship between alcohol and injury may be
confounded by usual drinking patterns, risk-taking behaviour and substance use (Watt et al.,
2004). Many of the studies included in this meta-analysis did not control for these factors, or
only controlled just one or two of them. This means the overall pooled estimate may be biased
with respect to these confounders. On the other side of this argument, though, is that explicitly
controlling for some of these types of confounders may lead to biased risk estimates due to the
fact that alcohol and risk-taking behaviour, for example, are on the causal path from alcohol
consumption and injury. Decisions to engage in activities that are likely to lead to an injury
are positively influenced to a large degree by the consumption of alcohol, so over-controlling
by including these confounders would result in incorrect RR as well (Deery and Love 1996;
Bazargan-Hejazi et al., 2007; Greenfield and Rogers 1999).

Future work in this field, particularly in the areas of what variables to control for and why, is
necessary. Over-controlling for variables that are on the causal pathway biases risk estimates
towards a null finding, which is dangerous in terms of public health policy and risk
communication. Additionally, research in this field must strive to adopt standard exposure
assessment tools. This is one of the most challenging aspects of this field, considering that
study participants may provide unreliable information themselves either from fear of legal
implications or social factors, and may not be examined for alcohol use until a significant
amount of time has passed from the time of initial injury. Efforts to improve in these areas will
result in making different studies more comparable and result in more reliable relative risks.

With consistent risk estimates comes responsibility to reduce well-established harms, and the
alcohol-injury association is no different. Strategies to reduce binge drinking and injury should
be high on the public agenda, and there are a number of policy measures that have prove to be
effective in this area. These include policies that affect price, such as increased taxation, setting
limits on alcohol retail outlet density and operating hours, raising the legal age of purchase of
alcohol, and random, roadside breath testing of drivers (Babor et al., 2003).

5. Conclusion

The risk of injury increases non-linearly with increasing alcohol consumption, so efforts to
reduce drinking both on an individual level and a population level are important. No level of
consumption is safe and even for 2 standard drinks, the odds of injury are almost double for
most types of injury. Obviously abstinence is related to the lowest risk, but policy measures
such as taxation, raising legal drinking ages, and efforts to reduce acute alcohol consumption
and associated injury, are to be encouraged and implemented given the high risks associated
with acute alcohol consumption.
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Forest plot for studies of non-motor vehicle accidents only and estimated relative risks
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associated with a 10 g/day increase in alcohol consumption: Estimates were derived from a
random effects linear model.
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Forest plot for studies of motor vehicle accidents only and estimated relative risks associated
with a 10 g/day increase in alcohol consumption: Estimates were derived from a random effects

linear model.
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Figure 4.
Dose-response curve for the amount of alcohol consumed 3 hours prior and the odds of non-
motor vehicle accident injury.
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Figure 5.
Dose-response curve for the amount of alcohol consumed 3 hours prior and the odds of motor

vehicle accident injury.
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Selected results of separate meta-analyses for specific injury types

Injury Type No. of studies *  Number of datasets ~ Best fit line  Increase in odds per 10-gram increase in consumption
Intentional Injury 5 5 non-linear 1.38 (95% CI: 1.22 - 1.55)
Falls 5 5 linear 1.25 (95% CI 1.14 - 1.36)
MVA 8 14 non-linear 1.24 (95% Cl: 1.18 - 1.31)
Other unintentional 13 15 non-linear 1.32 (95% CI: 1.27 - 1.36)

*
Note: 9 studies presented data on more than one injury category
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