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Prevalence of Alcohol and I l l ic i t Drugs in Blood
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Center of Forensic Medicine, J.W. Goethe University, Frankfurt/Main, Germany; CIGES (Center of Training, Research
and Management for Evidence-Based Health), Faculty of Medicine, Universidad de La Frontera, Temuco, Chile

Objective: To determine which is the reported prevalence of alcohol and illicit drugs in blood specimens from drivers
involved in traffic law offenses worldwide.

Methods: The search was performed by using several international biomedical databases. In order to reduce publication
bias, additional publications were identified using further sources of information. The present review includes cross-sectional
studies published between 1990 and 2005 in English, Spanish, German, Portuguese, and Italian. Only studies based on the
analysis of blood specimens and chromatographic quantification of drugs were included.

Results: Forty-nine studies fulfilled the inclusion criteria. Eighteen were excluded considering practical reasons regarding
limitations for a reliable interpretation of their results. Alcohol appears to be still the predominant substance, with the
consideration that among drivers primarily suspected of DUID, cannabinoids are more prevalent. Among the illicit drugs,
cannabinoids are the most commonly found substance. Certain trends could be identified, e.g., very low prevalence of cocaine
in reports from Nordic countries, a high prevalence of amphetamines between Norwegian and Swedish studies, and low rates
of THC among Australian studies.

Conclusion: The results of this study should be regarded as an attempt to obtain more reliable data concerning the
prevalence of alcohol and illicit drugs among drivers. To obtain a better assessment of the real current role of alcohol and
drugs (illicit and medications), it seems strongly necessary to update the case-control study conducted by Borkenstein et al.
in 1964, including now blood analyses of the whole spectrum of substances that can impair drivers.

Keywords Alcohol; Illicit Drugs; Motor Vehicles; Prevalence; Review Literature

Involvement of alcohol and illicit drugs in traffic law offenses
is a recurrent issue in the scientific literature. The unquestionable
role of alcohol as a causal factor of road traffic accidents (RTAs),
the accepted (but yet not completely clarified) effect of illicit
drugs as risk factors of RTAs, as well as the enormous social,
clinical, economic, and juridical impact of traffic law offenses,
make up the reasons that explain the great quantity and diversity
of published studies.

Worldwide about 20% of all RTAs are related to alcohol con-
sumption (Room, Babor, & Rehm, 2005). On the other hand, the
extent to which drugs other than alcohol are a highway safety
problem could not be specified precisely (Terhune et al., 1992).
It is apparent that illicit drug prevalence rates in RTAs vary over
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time and among the locations studied. For example, in some
regions and in some particular age groups, drivers involved in
RTAs have been reported to have higher prevalence rates of some
drugs compared to alcohol (Brookoff et al., 1994; Augsburger
& Rivier, 1997; Lowenstein & Koziol-McLain, 2001). Conse-
quently, to characterize and quantify the current magnitude of
the problem, it seems necessary the development of a compre-
hensive epidemiological study of drivers.

In the literature, there are some systematic reviews on “al-
cohol and drugs in traffic,” but the great heterogeneity of the
individual studies makes the data interpretation very difficult.
Moreover, publications always include studies in which numer-
ous methodological shortcomings and biases are to be encoun-
tered. de Gier (1998) and Walsh et al. (2004, 2005), as well as
other authors (Heifer, Weinmann, & Pollak, 1992; Terhune et
al., 1992; Schutz & Weiler, 1993; Heifer, Schyma, & Hartwig,
1995; Waller et al., 1995; Brauchle, Weinmann, & Pollak, 1997;
Treno, Gruenewald, & Johnson, 1998; Marquet et al., 1998;
Skurtveit et al., 1998; Weirich & Wegener, 1998; Christophersen
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190 L. GONZÁLEZ-WILHELM

et al., 1999; Bates & Blakely, 1999; Lowenstein & Koziol-
McLain, 2001; Movig et al., 2004; Appenzeller et al., 2005)
have described these methodological issues in detail. Marshall &
Mercer (2002) conclude that it is “impossible to know with abso-
lute certainty the involvement of impairment by alcohol or drugs
in traffic crashes that occur in a jurisdiction.” Consequently, “It
may be better to have an order-of-magnitude global estimation
that is imprecise than to have more precise measures of bits of
the problem but without an attempt at an overview.”

Perhaps the only attempt to establish such a global estimation
of the prevalence of alcohol, illicit drugs, and medications in
drivers is the narrative review done by de Gier (1999). This
author critically reviewed a total of 30 studies from 13 European
countries to present the prevalence of illicit drug use alone and
in combination with alcohol as well as multiple drug use. In
spite of the utility of the conclusions drawn in this research,
some study design aspects are susceptible to be improved, in
particular:

• It is not clear to what extent the procedure for selecting studies
was comprehensive and unbiased. Moreover, the study did not
give an explicit definition of inclusion and exclusion criteria
for the studies.

• A standardization of the obtained information (prevalence
rates) was not carried out. This should be a requirement
considering, e.g., that some data were derived from studies
that analyzed different biological specimens (blood and/or
urine) and that the report of the results was made in different
formats.

To establish the relative importance of different types of il-
licit drugs as a traffic safety problem, we also have to consider
that a drug’s prevalence rate, by itself, implies nothing about
its impairment effects (if any) or the crash risks associated with
it. To deal with this problem it seems better to focus on preva-
lence data obtained from blood analyses, considering that psy-
choactive substances found in the blood are more likely to have
affected driving performance at the time of the RTA than are
substances detected in other fluids such as urine (Terhune et al.,
1992). In other words: blood is the most appropriate specimen
to suspect a correlation between the concentration of the certain
substances and the driver’s impairment at the time of the traffic
law offense (Heifer, 1991; Bratzke, 1993; Iwersen-Bergmann,
2001; Augsburger et al., 2005), although we must always bal-
ance this information with the clinical manifestations.

Taking into account the lack of systematic reviews referring
only to blood analysis and not limited to European countries,
the aim outlined for the present study was to determine which
is the reported prevalence of alcohol and some illicit drugs in
blood specimens from drivers involved in traffic law offenses
worldwide. The purpose is to obtain a standardized database of
the point-prevalence of alcohol and illicit drugs among different
driver populations.

METHODS

A systematic review is the selected design for the present
study, because “It allows for a reinforcement and rigorous inte-
gration of the existing information” (Mulrow, 1987), as well as
for the possibility to make recommendations for future research
based on the limitations of published data.

Search Strategy for the Identification of the Studies

The primary search was performed in biomedical databases us-
ing Ovid, Pubmed, BVS, SciELO, and MedPilot. In order to min-
imize publication bias, additional publications were identified
using the software Copernic, consulting experts, and reviewing
classical textbooks, abstract books of international conferences
(e.g., International Conference on Alcohol, Drugs and Traf-
fic Safety; International Association of Forensic Toxicologists),
and doctoral dissertations. The MeSH-keywords selected for the
search were combined prompting a broad, sensitive search us-
ing the following strategy: (“alcohol” OR “ethanol” OR “drugs”)
AND “traffic” AND (“epidemiological” OR “prevalence”).

Inclusion and Exclusion Criteria

Initially included were all cross-sectional studies in which preva-
lence rates were established after a chromatographic quantifica-
tion of alcohol and illicit drugs (cannabinoids, cocaine, opiates,
or amphetamines) in blood specimens from drivers involved in
traffic law offenses. Selected were studies published between
1990 and 2005 in English, Spanish, German, Portuguese, and
Italian. This time period was considered due to the fact that chro-
matographic methods, particularly gas chromatography and high
performance liquid chromatography (gold standards for quan-
titative determinations of the majority of drugs) were not rou-
tinely applied everywhere before the 1990s (Crouch et al., 1993).
Excluded studies were those in which the results could not be
reliably interpreted as a result of lacking information about the
methods applied or when the findings were insufficiently de-
tailed regarding the variables of interest.

Types of Outcome Measures

Using a standardized protocol, the information was extracted
from the text, tables, or figures and summarized in a database.
Variables of interest were the country where the study was per-
formed, the period of data collection, the cut-off used at the im-
munochemical screening tests, the analytical threshold applied
at the chromatographic analyses, the amount of blood speci-
mens tested (specially in studies that tested several biological
fluids), and the number of substances identified at toxicological
examination of those blood specimens. For alcohol, the record
as “positive result” was based on the blood alcohol concentra-
tion (BAC) cut-off defined in each study. In studies that did not
report this data 0.0‰ was assumed as cut-off.

For illicit drugs, the record as “positive result” was based
on the report of each single study, which normally corresponds
to a concentration above the analytical threshold used at the
chromatographic analyses. Those definitions of a “positive re-
sult” address the issue of presence vs. absence of the drug in
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PREVALENCE OF ALCOHOL AND ILLICIT DRUGS IN BLOOD SAMPLES FROM DRIVERS 191

the blood sample, but (as commented before) cannot address
whether impairment was also present.

Afterwards, a new prevalence calculation was performed to
obtain the proportion of alcohol, cannabinoids, cocaine, opi-
ates, and amphetamines within the totality of blood analyses
sampled in each study. This procedure was necessary to achieve
point-prevalence values with the same format. The units of in-
vestigation are blood specimens and not individuals, because
excepting studies based on fatally injured drivers, the same per-
son could be involved in a traffic law offense several times during
the data collection period of each study included in the present
review.

A combination of the data calculating a summary estimate of
the overall results was not done considering the heterogeneity of
the studies, but a systematic arrangement of the findings was nec-
essary considering that drugs tend not to be uniformly distributed
within crash driver populations (Terhune et al., 1992). Therefore
the selected studies were categorized in 4 groups according to
the study population: fatally injured drivers (“Population A”),
drivers who survived RTAs (“Population B”), drivers primarily
suspected of driving under the influence of alcohol (“Popula-
tion C”), and drivers primarily suspected of driving under the
influence of drugs (“Population D”).

Ethical Issues

The study was approved by the ethical board of the J.W. Goethe
University (Agreement-Nr. 96/06). The funding source (German
Academic Exchange Service—DAAD) had no role in the study
design, data collection, data analysis, data interpretation, or writ-
ing of the report. The corresponding author had full access to
all the data and final responsibility for the decision to submit for
publication.

RESULTS

Forty-nine studies fulfilled the inclusion criteria. Eighteen were
excluded considering practical reasons regarding limitations for
a reliable interpretation of their results, in particular:

• In 7 studies (Marzuk et al., 1990; Ferrara et al., 1990; Rittner
& Becker, 1991; Kirby, Maull, & Fain, 1992; Friedrich-Koch
& Iten, 1994; Soderstrom et al., 1995; Christophersen &
Mørland, 1997) the full text could not be obtained.

• Six studies (Sironi et al., 1999; Smink et al., 2001; Weber et al.,
2002; Drummer et al., 2003; Bratzke, Souchon, & Kauert,
2005; Jones, 2005) show their results using categorizations
which prevent a detailed analysis of the data.

• In 5 studies (Zancaner et al., 1995; Brauchle et al., 1997;
Athanaselis et al., 1999; Ferrara et al., 2000; Cheng, Chan,
& Mok, 2005) it was not clear which biological specimens
were tested, how many of the examinations were performed
on blood or urine (respectively), or from which specimen de-
rived the published results (particularly the ones related to the
prevalence of illicit drugs).

The characteristics of the remaining 31 studies are shown in
Table I, which gives the original definition of the studied popu-
lation in detail, in order to understand the criteria applied for the
categorization of the studies into one of the defined population
groups. The sum of the number of studies in Table I amounts
to 33, because two of them (Sjogren et al., 1997; Seymour &
Oliver, 1999) were composed of two different populations and
consequently its results could not be included into two of the
defined categories.

The cut-off used at the immunochemical screening tests and
the analytical thresholds applied at the chromatographic analy-
ses were given in almost the half of the included studies. Here, no
significant difference between the studies was noted (Kruskal-
Wallis test; always p > 0.05). It was therefore assumed that the
prevalence of illicit drugs is not influenced by these variables.
The ranges of prevalence for each substance included in the
present review (excluding “outlayers” that will be commented
in the discussion) are shown in Table II.

Table III shows the prevalence of alcohol in the different
driver populations, arranged following the BAC cut-off. Tables
IV–VII show the prevalence of illicit drugs in the different driver
populations, sorted by the country where the study was per-
formed and arranged chronologically within each category.

DISCUSSION

General Observations

Although nearly 75% of fatal RTAs occur in developing coun-
tries (Odero, Garner, & Zwi, 1997), no studies from such coun-
tries were found that matched the inclusion criteria.

In the present systematic review, only prevalence data regard-
ing the sample size of each study could be reported. The expected
lack of standardization in definitions of the variables and report-
ing findings makes impossible to get in all the reviewed studies
further prevalence information, as for example, the prevalence of
each drug in relation to the sum of drug-positive results found
in each study. Same reasons and the fact that in most studies
the data for separating the prevalence of combinations of drugs
(including alcohol) are lacking, prevent the ascertainment of in-
formation about multiple drug use.

Prevalence of Alcohol

In fatally injured drivers the results of Crouch et al. (1993) shows
clearly lower results than the rest. This is well explainable, con-
sidering that in this study only a population subgroup (truck
drivers) were tested. In such a population subgroup, it is not
expected to find depressant drugs, and hence the results were
excluded from the ranges of prevalence presented in Table II.
In this population group, only three studies (Gjerde, Beylich, &
Mørland, 1993; Sjogren et al., 1997; Holmgren, Holmgren, &
Ahlner, 2005), all from Scandinavian countries, reported preva-
lence of alcohol below 30%.

In drivers who survived RTAs one can observe a large disper-
sion of the reported prevalence of alcohol. This makes the in-
terpretation difficult, but considering the study with the largest
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192 L. GONZÁLEZ-WILHELM

Table I Categorization of the selected studies according to the sample material

Population group References Original description of the sample

Population A: Fatally injured drivers (n = 12) (Cimbura et al., 1990)1 motor vehicle fatalities (drivers & pedestrians)
(Crouch et al., 1993) drivers killed in highway accidents while operating trucks
(del Rio & Alvarez, 1999) drivers killed in road accidents
(Carmen del Rio et al., 2002) drivers killed in road accidents
(Holmgren et al., 2005) fatal traffic involving drivers
(Logan & Schwilke, 1996) fatally injured drivers
(Mercer & Jeffery, 1995) drivers who died within 24 hours of a traffic accident
(Mura et al., 2005) drivers killed in road accidents
(Gjerde et al., 1993) drivers who died within 30 days after a road traffic accident
(Sjogren et al., 1997) fatally injured drivers
(Seymour & Oliver, 1999) fatally injured drivers
(Terhune et al., 1992) drivers aged 15 years or older who died within 4 hours of

crash
Population B: Drivers who survived RTAs (n = 9) (Bernhoft et al., 2005) injured drivers who came to the emergency room

(Christophersen et al., 1995) drivers involved in injury accidents
(Joo, 1995) drivers controlled by the police after a traffic accident or

other traffic law offense
(Laumon et al., 2005)2 drivers involved in fatal crashes
(Longo et al., 2000) non-fatally injured drivers
(Mura et al., 2003) drivers involved in a non-fatal road accident
(Mørland et al., 1995) drivers with strange, reckless, dangerous driving or

involvement in accidents (the majority)
(Sjogren et al., 1997) hospitalized injured motor vehicle drivers
(Waller et al., 1995) drivers who were treated for injury sustained in a motor

vehicle crash
Population C: Drivers primarily suspected of driving (Appenzeller et al., 2005) drivers submitted to blood alcohol analysis

under the influence of alcohol (n = 2) (Lillsunde et al., 1996) drivers suspected of driving under the influence of alcohol
and/or drugs

Population D: Drivers primarily suspected of driving (Augsburger et al., 2005) drivers suspected of driving under the influence of drug
under the influence of drugs (n = 10) (Christophersen et al., 1990)3 drivers apprehended on the suspicion of drugged driving

(Gerostamoulos et al., 2002) drivers suspected of driving while impaired by a drug
(Iwersen-Bergmann et al., 2004) drivers suspected of driving under the influence of drugs

others than alcohol
(Moeller et al., 2000) drivers 18–24 years submitted to alcohol and/or

drug analysis
(Moeller et al., 1999)4 drivers suspected of driving under the influence of drugs

and/or medications
(Perl et al., 1995) driving under the influence of a drug
(Schiwy-Bochat et al., 1995) drivers of motor vehicles involved in drug-related cases
(Seymour & Oliver, 1999) requesting drug analysis at drivers suspected of being under

the influence of drink and/or drugs
(Skurtveit et al., 1996) suspicion of driving under the influence of drugs

1Here, only the results of drivers were included.
2Here, only the results of surviving drivers were included.
3Here, only the so-called “D-cases” (drivers in which police suspected drug as a possible reason for driving impairment) were included.
4Here, only the so-called “PVP” (police suspicion) and “LVP” (laboratory suspicion) drivers were included.

sample size (Laumon et al., 2005) as indicator, some conclu-
sions can be drawn. One recognizes that two of the studies with
“outlayers” were Norwegian ones (Christophersen et al., 1995;
Mørland et al., 1995). Both collected the samples in 1993 and
showed similar prevalence of alcohol (62.9% at cut-off 0.1‰
and 68.8% at cut-off 0.5‰). Furthermore, the reported preva-
lence of alcohol in the German study of Joo (1995) seems
overestimated, whereas the outcomes in the Australian study
of Longo et al. (2000) and in the Swedish study published
by Sjogren et al. (1997) appears underestimated. A selection
bias in those studies cannot be excluded and may explain the
“outlayer” findings. Consequently, it seems important to ex-
clude these five studies (Christophersen et al., 1995; Mørland

et al., 1995; Joo, 1995; Sjogren et al., 1997; Longo et al., 2000)
when establishing the ranges of alcohol prevalence shown in
Table II.

The reported prevalence of alcohol in drivers primarily sus-
pected of driving under the influence of alcohol is (as expected)
very high. An excellent police performance to detect such cases
can be hypothesized but not certainly affirmed, considering that
only two studies with relatively small sample size were included
in this population group.

Among drivers primarily suspected of driving under the in-
fluence of drugs (DUID), it was decided to exclude the findings
of Moeller et al. (2000) from Table II, because in this study
the sample was restricted to a population subgroup (18 to 24
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Table II Ranges of prevalence (%) of each substance within the defined
population groups

Population group1 (Number of reviewed studies)

Substance A (n = 11) B (n = 9) C (n = 2) D (n = 9)

Alcohol 22.2–57.1 20.0–26.0 88.1–95.5 25.8–49.2
Cannabinoids 0.7–13.2 6.7–16.9 2.4–13.8 26.1–59.3
Cocaine 3.1–5.2 0.2–2.2 0.0–3.3 1.4–12.5
Opiates 0.6–3.5 0.9–4.9 0.0–1.4 7.2–26.0
Amphetamines 1.3–7.5 0.5–2.2 0.0–2.7 4.6–21.1

1Population A: fatally injured drivers.
Population B: drivers who survived RTAs.
Population C: drivers primarily suspected of driving under the influence of
alcohol.
Population D: drivers primarily suspected of driving under the influence of drugs.

Table III Prevalence of alcohol (%) sorted by the BAC cut-off (‰)

BAC cut-off (‰) References Country, data collection period Sample size Prevalence (%)1

POPULATION A: fatally injured drivers
0.0 (Cimbura et al., 1990) Canada, 1982–1984 n = 1169 57.06

(Mercer & Jeffery, 1995)2 Canada, 1990–1991 n = 227 48.02
(Terhune et al., 1992) USA, 1990–1991 n = 1882 50.90
(Logan & Schwilke, 1996) USA, 1992–1993 n = 318 46.23
(Seymour & Oliver, 1999)2 Scotland, 1995–1998 n = 151 33.11
(Gjerde et al., 1993) Norway, 1989–1990 n = 159 28.30
(del Rio & Alvarez, 1999) Spain, 1994–1996 n = 285 50.53

0.1 (Crouch et al., 1993)3 USA, 1987–1988 n = 168 12.50
(Holmgren et al., 2005)4 Sweden, 2000–2002 n = 855 22.22

0.2 (Sjogren et al., 1997) Sweden, 1991–1993 n = 247 20.24
0.8 (Carmen del Rio et al., 2002) Spain, 1991–2000 n = 5745 31.99

(Logan & Schwilke, 1996) USA, 1992–1993 n = 318 41.19
POPULATION B: drivers who survived RTAs
0.0 (Joo, 1995)2 Germany, 1989–1990 n = 660 96.06

(Waller et al., 1995)2 USA, ? n = 717 21.34
0.1 (Christophersen et al., 1995) Norway, 1993 n = 394 62.94
0.2 (Sjogren et al., 1997) Sweden, 1991–1993 n = 125 12.00
0.5 (Mørland et al., 1995) Norway, 1993 n = 1197 68.84

(Bernhoft et al., 2005) Denmark, 2002–2004 n = 45 20.00
(Mura et al., 2003) France, 2000–2001 n = 900 26.00
(Laumon et al., 2005) France, 2001–2003 n = 9772 21.45
(Longo et al., 2000) Australia, 1995–1996 n = 2500 10.44

POPULATION C: drivers primarily suspected of driving under the influence of alcohol
0.0 (Appenzeller et al., 2005) Luxembourg, 2001–2002 n = 210 88.10
0.5 (Lillsunde et al., 1996) Finland, 1993 n = 332 95.48
POPULATION D: drivers primarily suspected of driving under the influence of drugs
0.0 (Perl et al., 1995) Australia, 1992 n = 170 10.00

(Gerostamoulos et al., 2002) Australia, 2000 n = 100 3.00
(Seymour & Oliver, 1999)2 Scotland, 1995–1998 n = 640 25.78
(Schiwy-Bochat et al., 1995)2 Germany, 1987–1993 n = 292 44.18

0.1 (Augsburger et al., 2005) Switzerland, 2002–2003 n = 440 46.14
0.5 (Moeller et al., 1999) Germany, 1995 n = 346 29.77

(Moeller et al., 2000)5 Germany, 1999 n = 108 50.00
(Christophersen et al., 1990) Norway, ? n = 47 27.66
(Skurtveit et al., 1996) Norway, 1994 n = 2529 49.19

1Absolute percentage regarding the respective sample size.
2BAC cut-off was not reported; it was assumed BAC 0.0‰.
3Only truck drivers.
4Defined cut-off was 0.1‰, but in fact only cases with BAC ≥ 0.2‰ were reported.
5Only 18- to 24-year old drivers.

year-old drivers). Further studies with outlayers also excluded
from Table II were Australian ones (Perl et al., 1995; Gerosta-
moulos et al., 2002), that showed considerably lower prevalence
(10.0% and 3.0% at cut-off 0.0‰) than the rest of the studies
included in this population group.

Prevalence of Illicit Drugs

In the ascertainment of the prevalence of illicit drugs outlayers
outcomes were also observed in some studies (and not included
in Table II).

In the French study of Mura et al. (2005), the reported re-
sults are clearly overestimated since only drivers younger than
30 years were included in the sample. In the Australian stud-
ies (Perl et al., 1995; Longo et al., 2000; Gerostamoulos et al.,
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Table IV Prevalence of illicit drugs (%) in fatally injured drivers

Prevalence (%)1,2

Country References THC or THC-OH THC-COOH Cocaine Opiates Amphetamines

Canada (Cimbura et al., 1990) 10.86
(Mercer & Jeffery, 1992) 13.22 3.96

USA (Terhune et al., 1992)3 4.25 6.85 4.46 0.85 2.87
(Crouch et al., 1993)4 8.33 11.90 8.33 0.59 7.14
(Logan & Schwilke, 1996)5 3.14 2.52 1.89

Spain (Carmen del Rio et al., 2002)6 2.21 5.22 3.24 1.74
(del Rio & Alvarez, 1999)6 0.70 4.21 0.70 2.46

Sweden (Holmgren et al., 2005) 3.86 0.58 1.99 7.49
(Sjogren et al., 1997) 1.21 3.24 0.00

Norway (Gjerde et al., 1993) 5.03 0.00 1.89 0.63
France (Mura et al., 2005)7 28.91 39.49 3.00 3.49 3.10
Scotland (Seymour & Oliver, 1999) 1.32 1.99 1.32

1Absolute percentage regarding the respective sample size.
2The shaded boxes usually correspond to results not reported.
3Based on unweighted prevalence rates published in Appendix I (Table I, II) of the final report.
4Only truck drivers.
5It is not clear whether analyses for cannabis were performed in blood or urine. Therefore, they were excluded.
6This study does not distinguish between THC, THC-OH and, THC-COOH; THC-COOH was assumed to be the substance.
7Only drivers below 30 years old.

2002) as well as in the Scottish study of Seymour & Oliver
(1999), the detection of �-9-tetrahydrocannabinol (THC) and/or
11-hydroxytetrahydrocannabinol (THC-OH) seems to be under-
estimated, maybe as a result of a large time interval between the
time of the incident and the time of obtaining the blood sam-
ple for toxicological analyses. One argument supporting this
hypothesis is that the detection of the inactive metabolite 11-
nor-�-9-tetrahydrocannabinol-9-caboxylic acid (THC-COOH)
matches well with the prevalence of THC-COOH reported in the
other studies. Furthermore, a high prevalence of opiates (41.2%
– 43.0%) was noticeable in the Australian studies.

In the study of Crouch et al. (1993) the prevalence of co-
caine (as well as of other stimulating drugs) seems to be overes-
timated. As previously commented, this finding may be well
explained by the characteristics of the sample studied (only
truck drivers). High prevalence of cocaine was also found

Table V Prevalence of illicit drugs (%) in drivers who survived RTAs

Prevalence (%)1,2

Country References THC or THC-OH THC-COOH Cocaine Opiates Amphetamines

France (Mura et al., 2003) 16.89 0.22 2.67 1.44
(Laumon et al., 2005) 7.00 0.23 0.85 0.48

Norway (Christophersen et al., 1995) 7.61 0.00 4.31 4.06
(Mørland et al., 1995) 12.28 4.85 6.77

Denmark (Bernhoft et al., 2005) 15.56 2.22 4.44 2.22
Sweden (Sjogren et al., 1997) 3.20 4.80 2.40
Germany (Joo, 1995) 6.67 8.18 0.00 1.82 0.45
USA (Waller et al., 1995)3 12.69 1.12 1.26
Australia (Longo et al., 2000) 2.28 10.76 0.96

1Absolute percentage regarding the respective sample size.
2The shaded boxes usually correspond to results not reported.
3This study does not distinguish between THC, THC-OH, and THC-COOH; THC-COOH was assumed to be the substance.

by Iwersen-Bergmann, Stein, & Schmoldt (2004) in samples
taken in Hamburg (Germany). On the other hand, in five of
the nine Scandinavian reviewed studies (Christophersen et al.,
1990; Gjerde et al., 1993; Christophersen et al., 1995; Lillsunde
et al., 1996; Holmgren et al., 2005) and in one German study
(Joo, 1995) cocaine was not detected. Furthermore, in the Nor-
wegian study of Skurtveit et al. (1996) only one case (from 2.529
analyzed) was positive for cocaine.

In the German study of Moeller et al. (2000) the prevalence
of opiates is clearly underestimated. This finding can be well
explained by the age of the sampled drivers (only 18- to 24-year-
old drivers), considering that in this age group the most preva-
lent drugs are cannabinoids and amphetamines (Brauchle et al.,
1997; Moeller et al., 1999; Kauert & Iwersen-Bergmann, 2004).

Studies from Norway (Christophersen et al., 1995; Mørland et
al., 1995; Skurtveit, Christophersen, & Mørland, 1996) reported
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Table VI Prevalence of illicit drugs (%) in drivers primarily suspected of driving under the influence of alcohol

Prevalence (%)1

Country References THC or THC-OH THC-COOH Cocaine Opiates Amphetamines

Luxembourg (Appenzeller et al., 2005) 4.29 13.81 3.33 1.43 0.00
Finland (Lillsunde et al., 1996) 2.41 7.83 0.00 0.00 2.71

1Absolute percentage regarding the respective sample size.

a high prevalence of amphetamines, a trend also described in
recent Swedish reports (Holmgren et al., 2005; Jones, 2006).

Implications for the Practice and Research

The results of this study should be regarded as an attempt to
obtain more reliable data concerning the prevalence of alcohol
and illicit drugs among drivers. Despite some limitations, these
data can be useful for clinicians who meet these patients at the
emergency room as well as for forensic experts requested to give
prevalence data at the courtrooms. The information reported may
also be used by politicians and health administrators to know the
field reality and allocate the resources for prevention campaigns.
Furthermore, it can be useful for investigators from many fields
for the design of future studies (e.g., sample size calculation) as
well as standardized database for the comparison of forthcoming
results inside one of the countries included in this review (but
not across countries).

To achieve a more valid estimation of the prevalence as well as
odds ratios for each substance, it is necessary to update the case-
control study conducted by Borkenstein et al. (1964), including
blood analyses of the whole spectrum of substances which may
impair drivers. For this study, the following recommendations
can be drawn:

• It should be concurrently performed in at least two countries,
obtaining ideally information from industrialized as well as
developing countries.

• In the selected countries, police controls and subsequent sub-
stance analyses must be legally allowed without initial suspi-

Table VII Prevalence of illicit drugs (%) in drivers primarily suspected of driving under the influence of drugs

Prevalence (%)1,2

Country References THC or THC-OH THC-COOH Cocaine Opiates Amphetamines

Germany (Schiwy-Bochat et al., 1995) 11.99 26.03
(Iwersen-Bergmann et al., 2004) 38.69 23.71 23.57 4.59
(Moeller et al., 1999)3 33.53 3.76 7.23 10.40
(Moeller et al., 2000)4 32.41 1.85 3.70 10.19

Australia (Perl et al., 1995) 20.00 68.24 3.53 41.18 20.00
(Gerostamoulos et al., 2002) 30.00 43.00 13.00

Norway (Christophersen et al., 1990) 42.55 42.55 0.00 12.77
(Skurtveit et al., 1996)3 26.09 0.04 11.74 21.08

Scotland (Seymour & Oliver, 1999) 4.53 26.56 1.41 19.22 2.03
Switzerland (Augsburger et al., 2005) 53.18 59.32 12.5 8.86 8.86

1Absolute percentage considering the respective sample size.
2The shaded boxes usually correspond to results not reported.
3This study does not distinguish between THC, THC-OH, and THC-COOH; THC-COOH was assumed to be the substance.
4Only 18- to 24-year- old drivers.

cion of driver’s impairment to avoid a selection bias due to
volunteers.

• The data obtained should be centrally collected and analyzed.
• For the analysis of prevalence, the sample should be catego-

rized in five groups: fatally injured drivers, drivers who sur-
vived RTAs, drivers primarily suspected of driving under the
influence of alcohol, drivers primarily suspected of driving
under the influence of drugs, and drivers without suspicion of
impairment (random controls).

• For the risk analysis (Odds Ratio determinations), only the
random controls should be used as control group.

• The analyzed specimen must be blood. Ideally, a urine spec-
imen should be additionally collected and examined. As a
consequence, a relationship between the driver’s impairment
(estimated using the findings in the blood sample + the clin-
ical manifestations) and consumption of substances by the
driver (estimated using both, blood and urine outcomes) can
be established.

• Beside the usual demographic data (sex, ages, domicile, mar-
ital status, education level, occupation), one should collect
additional information concerning the following variables: re-
ligion and ethnicity (as indicator of the lifestyle), existence of
a prior negative event such as an arrest or a crash (mentioned
by Jones & Lacey (2001) as a determinant of the decision to
drive after drinking), drug dependence, chronic diseases (es-
pecially those that per se or with pharmacological treatments
can impair the driving ability), time-interval (delay) between
the time of the incident and the collection of the blood sam-
ple for toxicological analyses, the results of the screening test
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applied, and characteristics of the specific traffic law offenses
that are statistically associated with some types of consump-
tion (e.g., high speed accidents; see here Haffner, Erath, &
Kardatzki (1995) for alcohol as well as Madea (2003) and
Kauert & Iwersen-Bergmann (2004) for illicit drugs, partic-
ularly THC). The influence of all these variables should then
be examined using regression analyses.

CONCLUSIONS

Alcohol appears to still be the most frequent substance found
in samples taken from drivers involved in traffic law offenses,
with the consideration that among drivers primarily suspected
of driving under the influence of drugs, cannabinoids are more
prevalent. Among the illicit drugs, cannabinoids are the most
frequently detected substance in the blood samples of all popu-
lation categories included in this review. Those results are partly
different in comparison to prior reports (Jones, Shinar, & Walsh,
2003), supporting the concept that narrative reviews have sev-
eral disadvantages that systematic reviews appear to overcome
(Egger & Smith, 1997). Furthermore, our understanding of al-
cohol in traffic safety is much more comprehensive than what
was reviewed in this article, because here were incorporated
only studies in which both, alcohol and some illicit drugs, were
studied in only one (but the most important) specimen: blood.

Certain peculiarities observed in the results of the stud-
ies from some countries should be noted as potential facts
(considering that no comparisons across countries are allowed).
Here are to be mentioned a relatively very low prevalence of
cocaine in blood analyses from Scandinavian drivers, a low rate
of THC detection as well as a high prevalence of opiates among
blood tests performed in Australia, a high prevalence of am-
phetamines among Norwegian and Swedish published data, and
low prevalence of cannabinoids and amphetamines among spec-
imens from some Scottish driver populations (particularly fatally
injured drivers and drivers primarily suspected of driving under
the influence of drugs).

To obtain a better assessment of the real current role of al-
cohol and drugs (illicit and medication) at traffic offenses, not
only actions to improve the accuracy of the records as well as
standardization of research methodologies and of the report of
the results are needed (those recommendations were made in
the past but are exceptionally followed by researchers). It seems
strongly necessary to update the case-control study conducted
by Borkenstein et al. (1964), including now blood analyses of the
whole spectrum of substances that can impair drivers. Industri-
alized nations should promote such studies and give support to
the inclusion of developing countries, considering that in there
the deaths due to RTAs are a “silent” epidemic.
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am Beispiel des Jahres 1995. Blutalkohol, Vol. 34, pp. 385–
395.

Brookoff D, Cook CS, Williams C, Mann CS. (1994) Testing reckless
drivers for cocaine and marijuana. N Engl J Med, Vol. 331, pp. 518–
522.

Carmen del Rio M, Gomez J, Sancho M, Alvarez FJ. (2002) Alco-
hol, illicit drugs and medicinal drugs in fatally injured drivers in
Spain between 1991 and 2000. Forensic Sci Int, Vol. 127, pp. 63–
70.

Cheng JY, Chan DT, Mok VK. (2005) An epidemiological study on
alcohol/drugs related fatal traffic crash cases of deceased drivers
in Hong Kong between 1996 and 2000. Forensic Sci Int, Vol. 153,
pp. 196–201.



D
ow

nl
oa

de
d 

By
: [

C
an

ad
ia

n 
R

es
ea

rc
h 

Kn
ow

le
dg

e 
N

et
w

or
k]

 A
t: 

05
:2

5 
15

 M
ay

 2
00

7 

PREVALENCE OF ALCOHOL AND ILLICIT DRUGS IN BLOOD SAMPLES FROM DRIVERS 197

Christophersen AS, Gjerde H, Bjorneboe A, Sakshaug J, Mørland J.
(1990) Screening for drug use among Norwegian drivers suspected of
driving under influence of alcohol or drugs. Forensic Sci Int, Vol. 45,
pp. 5–14.

Christophersen AS, Beylich KM, Bjorneboe A, Fosser S, Mørland J.
(1995) Prevalence of alcohol and drugs in blood samples from Nor-
wegian drivers involved in road traffic accidents. In Proceedings
of the 13th International Council on Alcohol, Drugs, and Traffic
Safety—T’95, Eds. CN Kloeden, AJ McLean. Adelaide, Australia.

Christophersen AS, Mørland J. (1997) Drugged driving, a review based
on the experience in Norway. Drug Alcohol Depend, Vol. 47, pp. 125–
135.

Christophersen AS, Ceder G, Kristinsson J, Lillsunde P, Steentoft A.
(1999) Drugged driving in the Nordic countries—A comparative
study between five countries. Forensic Sci Int, Vol. 106, pp. 173–
190.

Cimbura G, Lucas DM, Bennett RC, Donelson AC. (1990) Inci-
dence and toxicological aspects of cannabis and ethanol detected in
1394 fatally injured drivers and pedestrians in Ontario (1982–1984).
J Forensic Sci, Vol. 35, pp. 1035–1041.

Crouch DJ, Birky MM, Gust SW, Rollins DE, Walsh JM, Moulden JV,
Quinlan KE, Beckel RW. (1993) The prevalence of drugs and alcohol
in fatally injured truck drivers. J Forensic Sci, Vol. 38, pp. 1342–1353.

de Gier JJ. (1999) Review of investigations of prevalence of illicit drugs
in road traffic in different European countries. In Council of Europe,
Road Traffic and Drugs, Strasbourg, Council of Europe Publishing,
pp. 13–61.

del Rio MC, Alvarez FJ. (1999) Alcohol use among fatally injured
drivers in Spain. Forensic Sci Int, Vol. 104, pp. 117–125.

Drummer OH, Gerostamoulos J, Batziris H, Chu M, Caplehorn JR,
Robertson MD, Swann P. (2003) The incidence of drugs in drivers
killed in Australian road traffic crashes. Forensic Sci Int, Vol. 134,
pp. 154–162.

Egger M, Smith GD. (1997) Meta-Analysis. Potentials and promise.
Bmj, Vol. 315, pp. 1371–1374.

Ferrara S, Zancaner S, Snenghi R, Berto F. (1990) Psychoactive drugs
involvement in traffic accidents in Italy. In Proceedings of the 11th
international conference on alcohol, drug and traffic safety, Ed. M
Perrine. National Safety Council, Chicago, pp. 260–264.

Ferrara S, Zancaner S, Frison G, Giorgetti R, Snenghi R, Maietti S,
Castagna F, Tagliaro F, Tedeschi L. (2000) Alcol, droga, farmaci e
sicurezza stradale. Ann Ist Super Sanità, Vol. 36, pp. 29–40.
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