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Abstract — Aims: To review the evidence on moderate alcohol intake and motor vehicle crash (MVC) risk, and discuss the
possible public health tension in balancing risk reduction and increment with respect to moderate alcohol intake. Method: A Medline
review was conducted on moderate alcohol intake, MVC, and cardiovascular disease (CVD) risks. Result: Moderate alcohol intake
(24 g ethanol, two US standard drinks, or less a day) is associated with 20% reduction in risk of CVD. Public awareness of this may
contribute to why rates of driving with blood alcohol content (BAC) <0.08 g/dl in the United States are static. Studies show 3- to
17-fold increased risk of a fatal MVC with BAC < 0.08 g/dl compared to sober drivers. The United States has 0.08 g/dl BAC laws,
higher than that reached by a driver drinking two drinks per day or less. Conclusion: The public should be educated that although
moderate alcohol drinking may not violate BAC laws, it still carries significant risk of MVC. Current BAC laws in some countries needs
re-evaluation.

INTRODUCTION

In the United States, national surveys reveal high rates of
alcohol use among adolescents, college students, and young
adults (Windle, 2003). Amongst elderly American males
(age > 65), age trends in 2000–2001 show that, while heavier
drinking significantly decreased, moderate drinking has not
decreased (Breslow et al., 2003). A possible reason for these
trends among the middle aged and elderly is the widespread
publicity and increased public awareness (Casswell, 1993;
Smart and Ogborne, 2002) of the beneficial effects of moder-
ate alcohol intake on cardiovascular disease (CVD).

The spectrum of alcohol-related problems includes moder-
ate drinking, ‘at-risk’ drinking, alcohol abuse, and alcoholism
(Hasin, 2003). The moderate drinker might fall into the ‘at-
risk’ group when he partakes in an activity, such as operating
a vehicle after drinking alcohol. Mixed messages from the
public health perspective about the health benefits of moderate
drinking with respect to cardiovascular protection creates
misconceptions about drinking and its health consequences.
While these recommendations are unlikely to affect the
behaviour of heavy drinkers, hitherto non-drinkers and light
drinkers who follow these recommendations potentially put
themselves at risk for alcohol-related motor vehicle crashes
(MVC) if they drink and drive.

The United States’ legal blood alcohol content (BAC) limit
for driving is <0.08 g/dl. This is based on studies which show
that MVC risk rises exponentially with BAC > 0.08 g/dl
(Borkenstein, 1964). Moderate alcohol intake gives rise to
BAC of <0.08 g/dl and many moderate drinkers believe that
they can safely operate their vehicles as long as they are within
the legal BAC limit.

This article reviews the evidence on moderate alcohol
intake and MVC risk, and highlights the public health tension

in balancing risk reduction and increment with respect to mod-
erate alcohol intake.

METHODS

Data sources

We searched MEDLINE� from 1966 to 2005 using the key
words alcohol consumption, MVC, motor vehicle accident,
and traffic accident. There were 1123 articles found. We
refined our search to articles reporting fatal or non-fatal
MVC data for BAC between 0.010 and 0.079 g/dl, giving
200 articles. We also reviewed the annual reports of road
traffic data published by the National Highway Traffic Safety
Administration (NHTSA).

In a second search, we used the key words moderate
alcohol consumption, ischaemic heart disease, and CVD,
giving 143 articles.

Definition of alcohol intake

Moderate alcohol intake refers to drinking no more than two
US standard drinks per day for men and one US standard drink
per day for women (NIAAA, 1995). A standard drink refers to
12 g alcohol (approximately one glass of wine or one can of
beer). Although highly variable, it is estimated that a 77 kg
(170 pounds) male drinking two standard drinks on an empty
stomach will yield a BAC of 0.03 g/dl within 1 h. A 62 kg
(137 pounds) female consuming this amount of alcohol under
identical circumstances will yield a BAC of 0.05 g/dl.

Moderate alcohol intake and neuropsychological impairments

It has been reported that impairment of driving-related skills
begins with any departure from zero BAC. Divided attention,
visual functions, and tracking were impaired in the 0.01–
0.02 g/dl range (the level reached with one drink). Controlled
behaviours (difficult tracking, divided attention tasks,
information processing, etc.) are impaired at BAC 0.030–
0.049 g/dl in actual traffic whereas automatic behaviours
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(over-learned tasks which require little conscious mental
activity) are impaired beyond 0.05 g/dl (Krüger, 1993). Virtu-
ally all subjects tested in the studies reviewed exhibited
impairment on some critical driving measure by the time
they reached 0.08 g/dl (Moskowitz et al., 1985).

Moderate alcohol intake and MVC injuries

In 2003 in the United States, 40% of all fatal crashes were
alcohol related (NHTSA, 2003). Of these, 6% of victims of
fatal crashes had BAC 0.01–0.07 g/dl and 34% had
BAC > 0.08 g/dl. Of all the alcohol-related fatal crashes,
13% of drivers had BAC of 0.01–0.07 g/dl. Driving skills
deteriorate as BAC levels increase in such a manner that risk
of a fatal crash doubles with each 0.02 increase (Zador,
1991). From US Fatality Analysis Reporting System (FARS)
data, in the BAC range 0.020–0.049 g/dl, the risk of a fatal
MVC increases 3–5 times compared to sober drivers. In the
BAC range 0.050–0.079 g/dl, the risk of a fatal MVC increases
6- to 17-fold, with the highest risk associated with the male
driver aged between 16 and 20 (Table 1). Borkenstein (1964)
estimated crash risk for drivers with increasing BAC using
a case–control study. The exponential rise in accident risk
with increasing BAC for drivers involved in single or
multiple vehicle crashes was the basis for the implementation
of BAC laws.

Forty per cent of non-fatal MVCs in the United States in
2003 were alcohol-related. Pories et al. (1992) divided admit-
ted MVC patients into three groups according to their BAC
(i.e. = 0, <0.1 but >0, and >0.1 g/dl) and reported higher injury
severity score (ISS) in the middle group compared with
patients with no measurable alcohol (P < 0.0001). There
were also significantly more head injuries in the former com-
pared to the latter group and fewer patients were able to return
home with self-care. It was found that the relationship between
alcohol ingestion and serious injury was more pronounced in
the group with BAC < 0.1 g/dl. Pories concluded that BAC
levels below the legal limit for intoxication can significantly
increase the probability of severe injury.

Moderate alcohol intake and risk factors for MVC

It has been reported that alcohol-related fatal MVCs are more
likely to be associated with speeding. Thirty-nine per cent of
motorists in the United States with alcohol-related fatal
MVCs with positive BAC were speeding compared with
14% of sober motorists (NHTSA, 2005). Drivers in alcohol-
related MVCs are less likely to wear a seatbelt, and the higher
the driver’s BAC, the lower the seatbelt use (NHTSA, 2005).

Sixty-two per cent of motorists in the US with BAC
>0.00 g/dl were unrestrained compared with 26% of sober
motorists. Andersen et al. (1990) found that alcohol-
impaired drivers admitted to hospital after an MVC were
less likely to be wearing a seatbelt. The ISS increased from
24.5–28.3 (P < 0.01) when seatbelts were not worn, signif-
icantly increasing the length of stay in hospital (Reynaud
et al., 2002).

Alcohol-related MVCs were more likely to occur at night.
Seventy-seven per cent of alcohol-related fatal MVCs in the
United States occur between 6:00 p.m. and 5:59 a.m. com-
pared with 18% between 6:00 a.m. and 5:59 p.m. Alcohol-
related MVCs are approximately twice as likely to be involved
in single-vehicle accidents compared to non-alcohol-related
MVCs. Alcohol intake was found to interact adversely with
driver fatigue. An experimental study comparing alcohol and
prolonged wakefulness using a simulated driving test showed
that 18.5 and 21 h of wakefulness produces changes in driving
test of the same magnitude as BACs of 0.05 and 0.08 g/dl,
respectively (Arnedt et al., 2001). Another experimental study
(Horne et al., 2003) showed that moderate (‘legally passable’)
intake of alcohol is dangerous for drivers if they are sleepy. It
also showed that sleepy drivers who had consumed alcohol did
not realize that alcohol had increased their sleepiness to an
extent that impaired their driving.

It is clear that many inter-related factors such as risk-taking
behaviour like speeding (Nabi et al., 2005), poor compliance
with seatbelt use (Eensoo et al., 2005), and sleepiness operate
to increase the risk of fatal and non-fatal injuries for the
alcohol-impaired driver, despite legally passable BACs.

The alcohol risk-benefit dilemma

Moderate alcohol intake has been found to be associated with
protection against ischaemic stroke (Sacco et al., 1999;
Truelsen et al., 1998; Reynolds et al., 2003) and CVD
(Klatsky et al., 1990; Maclure, 1993; Doll, 1997; Corrao
et al., 2004; Zhu et al., 2004) with meta-analysis showing a
20% risk reduction for CVD with moderate alcohol intake
(Corrao et al., 2004). This risk reduction is in the form of a
J-shaped curve in which abstainers and drinkers exceeding
89 g alcohol/day do not have the cardioprotection experienced
by moderate drinkers. In its Dietary Guidelines for Healthy
American Adults 1996, the Nutrition Committee, American
Heart Association stated, ‘Incidence of heart disease in those
who consume moderate amounts of alcohol is lower than
that in nondrinkers’, stressing moderation amongst alcohol
drinkers (Krauss et al., 1996). There is an increased public

Table 1. Model-based risk of driver fatality in single-vehicle crashes as a function of driver BAC by age and gender, relative to sober drivers
(Zador et al., 2000)

Multiplies the chance of being killed in a single-vehicle crash increase by

Males Females

Driver’s BAC (g/dl) 16–20 21–34 >35 16–20 21–34 >35

0.010–0.019 1.55 (1.36–1.76)a 0.08 (0.04–0.16) 0.07 (0.04–0.16) 1.35 (1.21–1.50) 0.08 (0.04–0.16) 0.07 (0.04–0.16)
0.020–0.049 4.64 (2.97–7.26) 2.75 (2.53–2.98) 2.57 (2.34–2.84) 2.86 (1.94–4.16) 2.75 (2.53–2.98) 2.57 (2.34–2.84)
0.050–0.079 17.32 (7.56–39.70) 6.53 (5.61–7.60) 5.79 (4.84–6.93) 7.04 (3.50–14.14) 6.53 (5.61–7.60) 5.79 (4.84–6.93)

Modified from Hingson and Winter (2003).
a95% Confidence interval for relative risk.
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awareness of the benefits of moderate alcohol drinking
(Casswell, 1993; Smart and Ogborne, 2002). In the United
States, from the middle of the 1990s to 2002, rates of traffic
fatalities in the BAC range 0.010–0.079 has not shown
any signs of decreasing. In 2000 in the United States, there
were 513 000 alcohol-related non-fatal MVCs (i.e. BAC
> 0.00 g/dl), costing an estimated at $51 billion (Goldberg,
2002). Recently, Fillmore (2000) challenged the validity of
previous studies reporting risk reduction in cardiovascular
mortality from moderate drinking, citing systematic error
and incomplete controlling for critical confounding factors.
In contrast, several studies reported no protective effect
for light-to-moderate alcohol drinking (Camacho, 1987;
Fillmore et al., 1998a, b; Leino et al., 1998).

This illustrates how fragmented evidence and dichotomous
messages from public health experts can lead to confusion and
untoward consequences. The challenge is to educate the public
that though the cardiovascular benefits of alcohol are com-
pelling, it is a double-edged sword and beneficial moderate
drinking can easily spill over to at-risk drinking, if mixed
with driving. The goal is to strike a balance between the
long-term benefits and the substantial short-term risks.
Goldberg (2003) succinctly wrote that ‘If alcohol were a
newly discovered drug . . . we can be sure that no pharmaceut-
ical company would develop it to prevent CVD. Nor would
many physicians use therapy that might reduce the rate of
myocardial infarction by 25–50%, but that would result in
thousands of additional deaths per year due to cancer, motor
vehicle accidents, and liver disease.’ Studies are needed to
compare projected number of lives saved through decreased
CVD risk and lives lost through alcohol-related MVC.

Countermeasures

Social norms pertaining to alcohol consumption may be
difficult to change and the public may continue to drink
moderately for their health and operate their vehicle under
the influence. In order to attenuate at-risk drinking, other
countermeasures need to be considered. Concomitant food
intake decreases alcohol absorption by delaying gastric
emptying, slowing intestinal absorption, and increasing first-
pass metabolism of alcohol, leading to lower-peak BAC
(Mumenthaler et al., 1999). This lends credence to the old
adage of ‘not drinking on an empty stomach’. While most
alcohol drinking behaviour is ritualized around meals, the
effect of food on alcohol absorption is, at best, variable and
public health authorities should be cautious in advocating
food as a means of attenuating alcohol risk.

Passive countermeasures to curb at-risk drinking like hav-
ing stricter BAC laws should be considered. International
experience with the lowering of BAC laws has shown that
injuries and fatalities have decreased in most jurisdictions in
which legal limits were reduced (Mann et al., 2001).
Henstridge (1997) evaluated the lowering of BAC law from
0.08 to 0.05 g/dl in two states in Australia using time series
analysis, statistically correcting for the impact of legislative
initiatives such as the implementation of random breath test-
ing, and found a reduction in fatal collisions by 8 and 18%,
and all serious collisions by 7 and 14%, in New South Wales
and Queensland, respectively. Norström (1997) evaluated
that the effect of reducing the BAC limit from 0.05 to

0.02 g/dl in Sweden observed significant reductions in fatal
collisions, single-vehicle collisions, and all collisions of 9.7,
11.0, and 7.5%, respectively. In some cases, beneficial effects
decline over time, (McLean et al., 1995) while in others,
lasting reductions in alcohol-related collisions and fatalities
have been reported (Henstridge, 1997; Norström, 1997).
Factors which ensure continued success include continued
high publicity/public education efforts and high levels of
visible enforcement by the authorities (Homel, 1990).

CONCLUSION

Health authorities reporting the benefits of alcohol in reducing
CVD risk should always state that caution should be exercised,
and that the public should not drink and drive. The public
should be educated that even though moderate alcohol drink-
ing may not cause them to exceed the BAC laws, it still carries
a significant risk of a fatal MVC. Following the success of
countries that have lowered their BAC laws to 0.05 and
0.02 g/dl, current statutory levels in the United States, the
United Kingdom, and some other countries with driving limits
of 0.08 g/dl, should be reviewed.
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