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cost. By limiting the therapeutic options for a
significant number of patients, the secondary epidemic
of drug resistant HIV represents a major clinical and
public health problem.
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Cannabis intoxication and fatal road crashes in France:

population based case-control study
Bernard Laumon, Blandine Gadegbeku, Jean-Louis Martin, Marie-Berthe Biecheler, the SAM Group

Abstract

Objectives To evaluate the relative risk of being
responsible for a fatal crash while driving under the
influence of cannabis, the prevalence of such drivers
within the driving population, and the corresponding
share of fatal crashes.

Design Population based case-control study.
Participants 10 748 drivers, with known drug and
alcohol concentrations, who were involved in fatal
crashes in France from October 2001 to September
2003.

Main outcome measures The cases were the 6766
drivers considered at fault in their crash; the controls
were 3006 drivers selected from the 3982 other
drivers. Positive detection of cannabis was defined as
a blood concentration of A’ tetrahydrocannabinol of
over 1 ng/ml. The prevalence of positive drivers in the
driving population was estimated by standardising
controls on drivers not at fault who were involved in
crashes resulting in slight injuries.

Results 681 drivers were positive for cannabis (cases
8.8%, controls 2.8%), including 285 with an illegal
blood alcohol concentration (= 0.5 g/1). Positive
cannabis detection was associated with increased risk
of responsibility (odds ratio 3.32, 95% confidence
interval 2.63 to 4.18). A significant dose effect was
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identified; the odds ratio increased from 2.18 (1.22

to 3.89) if 0 <A’ tetrahydrocannabinol <1 ng/ml

to 4.72 (3.04 to 7.33) if A’ tetrahydrocannabinol

>5 ng/ml. The effect of cannabis remains significant
after adjustment for different cofactors, including
alcohol, with which no statistical interaction was
observed. The prevalence of cannabis (2.9%)
estimated for the driving population is similar to that
for alcohol (2.7%). At least 2.5% (1.5% to 3.5%) of fatal
crashes were estimated as being attributable to
cannabis, compared with 28.6% for alcohol (26.8% to
30.5%).

Conclusions Driving under the influence of cannabis
increases the risk of involvement in a crash. However,
in France its share in fatal crashes is significantly
lower than that associated with positive blood alcohol
concentration.

Introduction

Consumption of cannabis diminishes the faculties
needed for vehicle driving,'* but it is unclear if it
increases the risk of car crashes. The low number of
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drivers positive for cannabis, and the common associa-
tion of cannabis and alcohol, hamper the detection of
effects entirely attributable to cannabis.”

In 1999, before considering changes in drug legis-
lation, the French government wished to obtain
reliable data on the role of cannabis in the occurrence
of crashes. Systematic research was organised in
France, from October 2001 to September 2003, into
drug consumption in drivers involved in fatal road
crashes.

Methods

Study population and drug detection process

We included all fatal crashes resulting in immediate
death (including pedestrian fatalities) in the study. All
the drivers involved were taken as soon as possible to
the hospital for compulsory urine testing to detect four
major drug families (cannabis, amphetamines, opiates,
and cocaine). If the test was positive or impossible a
blood sample was taken. This information was
associated with the blood alcohol concentration in the
police reports.

These reports provided 10748 drivers who
had had full tests for drugs and alcohol. We
considered urinary screening for cannabis as positive
above a concentration of 50 ng/ml of acid tetrahydro-
cannabinol. We considered blood tests for cannabis
(using gas chromatography-mass spectrometry) posi-
tive above a concentration of 1 ng/ml of A’
tetrahydrocannabinol. We considered drivers negative
if their urine tests were negative or their blood
concentrations below these thresholds. However, dur-
ing the analyses of dose and effect, we no longer con-
sidered non-null below threshold concentrations as
“negative.”

Police national database of injury crashes (all crash severities) (n=347 683 drivers) |

Y \

Y

Missing value for
drugs or alcohol
(n=9653 drivers)

Responsible drivers
(n=5496 others)

Fatal crashes (n=20 401 drivers) | Slight injury crashes
T (n=264 993 drivers) |
Known drugs and alcohol: (n=10 748 drivers)
Cannabis:
Negative urinary screening only (n=3548)
Known blood concentration of
A tetrahydrocannabinol:
Negative (n=6367)
<1 ng/ml (n=82)
>1 ng/ml (n=751)
Alcohol:
Negative breath test only (n=3838)
Known blood alcohol concentration:
Negative (n=4092)
<0.59/1 (n=567)
>0.5¢/l (n=2251)

Non-responsible
drivers (n=3982)
Non-responsible

drivers, not only fatality
(n=3006 controls)

Responsible drivers
(n=6766 cases)

Non-responsible
drivers (n=112 181)

Our data Other police data

Flow of included drivers through the study
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Objectives and study design

Cannabis intoxication may favour fatal crash occur-
rence in two ways: either by increasing the risk of caus-
ing a crash (resulting in death), or by increasing the risk
of being killed (in a crash caused by another driver)
because of greater vulnerability. Our analysis dealt only
with the first hypothesis. We sought a dose effect rela-
tion between responsibility and cannabis dose, took
potential confounding factors into account (focusing
specifically on alcohol), and evaluated the representa-
tiveness of the cases and controls.

Assessment of responsibility

We determined responsibility of the driver by adapting
the method proposed by Robertson and Drummer,’
which takes into account the different factors liable to
reduce driver responsibility (see bmj.com). We also
asked experts to evaluate the responsibility for a repre-
sentative subsample of 2683 drivers in a crash
involving two or more vehicles. We carried out these
two evaluations without considering alcohol and drug
intoxication or related factors, such as sex and age.

Selection of cases and controls

The cases were the 6766 drivers at fault, including
those responsible for their own death. We selected the
controls from the 3982 drivers not at fault (figure) (see
bmj.com for details of exclusion criteria).

Validation of cases and controls

We used the police national database of injury crashes
(all crash severities) to identify the 112 181 drivers not
at fault who were involved in a crash resulting in slight
injury (a group we assumed best to represent the driv-
ing population). We standardised the prevalence for
our control group according to cannabis related
factors that were found to be significant between the
two groups to estimate the prevalence of cannabis in
this group and made the same comparison for alcohol
(see bmj.com for validation of cases).

Confounding factors

We adjusted for alcohol levels (and a dose effect was
sought for alcohol and cannabis), the other three fami-
lies of drugs, the driver’s age and sex, the type of vehi-
cle driven, and the time of crash. For estimates of the
attributable risk see bmj.com.

Results

Of the 9772 drivers studied, 681 were positive for can-
nabis (7.0%) and 2096 for alcohol (21.4%), including
285 for both (2.9%). The other three families of drugs
were, proportionally, more often associated with
cannabis than with alcohol (see bmj.com). Men, more
often involved in crashes than women, were also more
often positive for both cannabis and alcohol, as were
the youngest drivers, and users of mopeds and motor-
cycles. Positive detection was more commonly associ-
ated with night time crashes.

Cannabis was significantly related to responsibility
of the driver (table 1).

Amphetamines, cocaine, and alcohol were also sig-
nificantly related to responsibility, although opiates
were not. We highlighted a significant dose effect for
cannabis (and for alcohol), adjusted or not for alcohol
(respectively for cannabis, see bmj.com).
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Table 1 Drivers’ responsibility associated with drugs and
alcohol. Values are numbers (percentages) of drivers unless
otherwise indicated

Cases Controls Unadjusted odds
(n=6766) (n=3006) ratio (95% CI)

Blood concentration of drugs:

A° tetrahydrocannabinol 596 (8.8) 85 (2.8) 3.32 (2.631t04.18)
21 ng/ml

Amphetamines =50 ng/ml 42 (0.6) 5 (0.2) 3.75 (1.48109.47)
Cocaine =50 ng/ml 20 (0.3) 2 (0.1) 444 (1.04t019.0)
Opiates >20 ng/ml 56 (0.8) 27 (0.9) 0.92 (0.581t0 1.46)
Blood concentration of 2016 (29.8) 80 (2.7) 155 (12.4t019.5)

alcohol 0.5 g/I

Case drivers and control drivers also differ accord-
ing to sex (P<0.05), age (P<0.001), vehicle type
(P<0.001), and time of crash (P <0.001).

Comparing our controls with drivers not at
fault involved in a slight injury crash allowed us to
identify their distinguishing characteristics: driver’s
sex and age; type of vehicle; and place, time, and type
of crash. The prevalence of cannabis in our controls
was 2.8%, compared with 2.9% when standardised for
these variables; both these prevalences were 2.7% for
alcohol.

The adjusted fraction of fatal crashes attributable to
cannabis (present at any dose) was 2.5% (4.3% when
adjusted only for alcohol). The adjusted fraction for
alcohol was 29% and 31% when adjusted only for can-
nabis. When considering only blood alcohol concen-
tration over 0.5 g/, it was 25% and 27% respectively
(table 2).

Discussion

The risk of responsibility for fatal traffic crashes while
driving under the influence of cannabis has a
significant dose effect that shows a causal relation
between cannabis and crashes.

Strengths of the study

We did not exclude any drivers at fault and therefore
took into account the overall increase in cannabis
related risk in causing crashes fatal to either the
individual or to others. This explains why we found
higher risks than in studies that include only fatally
injured drivers.” °* The increased fatality risk of drivers
not at fault under the influence of cannabis or alcohol
is a phenomenon that deserves further investigation. It
can be partly explained by greater exposure to the sec-
ondary risk of death in a crash, via higher vulnerability
(such as the use of motorised two-wheelers), riskier
behaviour’® (such as not wearing seat belts), or

Table 2 Adjusted fractions of attributable risks of fatal crashes
associated with blood concentrations of A° tetrahydrocannabinol
and alcohol. Values are percentages (95% confidence intervals)

Adjusted for A®

Substance and tetrahydrocannabinol

concentration or alcohol Multivariate model*

A° tetrahydrocannabinol 43 (34105.3) 25 (1.5t03.5)
>0.0 ng/ml

Alcohol:
>0.0 g/l 31.2 (29.8t0 32.5) 28.6 (26.8t030.5)
>0.5 g/l 26.8 (25.6 t028.0) 25.2 (23.51026.9)

*Includes blood concentrations of A° tetrahydrocannabinol and alcohol, driver’s
age, type of vehicle, and time of crash.
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What is already known on this topic

Cannabis consumption, even in low doses,
hampers certain faculties necessary for driving a
vehicle

Epidemiological studies provide conclusions
which are heterogeneous and not robust enough
to prove that such consumption represents a crash
risk factor of significant magnitude

What this study adds

The risk of responsibility for fatal road crashes
while driving under the influence of cannabis has
a significant dose effect that shows a causal
relation between cannabis and crashes

Reliable estimates of the share of fatal crashes
attributable to cannabis and alcohol enable
comparison of the respective road safety issues

socio-economic disparities (such as the age of their
vehicle),” and partly by a reduced ability to avoid a
crash.

Comparison with other studies

We used alcohol as a plausibility indicator for the
results obtained for cannabis: our study concurs with
previous studies on crash risk related to alcohol”® "’ "'
We were therefore able to confirm the confounding
role of alcohol, although we were not able to highlight
any interaction: consumption of both cannabis and
alcohol would only multiply the risks related to
consumption of either cannabis or alcohol alone, with-
out specific potentiation of the effects of one by the
other. This result consolidates several previous experi-
mental and epidemiological studies.”” ¥ The existence
of a dose effect gives credence to a causal relation
between cannabis and road crashes.

Consumption of cannabis increases the risk
of responsibility for fatal traffic crashes, while remain-
ing significantly lower than the risk associated with
alcohol.

Limitations of the study

It was not possible to perform an adjusted analysis of
the effects of amphetamines, cocaine, and opiates,
mainly because of the small number of drivers positive
for these substances. This highlights, however, that
these drugs are not a major issue in France at the
moment. Psychoactive medical drugs were sought only
in the case of positive blood testing. No further study of
this confounding effect was possible.

Conclusions

This study answers many questions left unanswered by
previous studies,” °* ' in particular by considering what
some call an “at fault, not at fault” study'" as a specific
case-control study. However, in addition to the number
of deaths linked to the responsibility of drivers, further
work should include the share of all deaths attributable
to the greater vulnerability of users under the influence
of cannabis. This latter calculation was possible for
drivers but is yet to be shown for other road users,
namely passengers and pedestrians.
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Effect of comorbidities and postoperative complications
on mortality after hip fracture in elderly people:
prospective observational cohort study

JJ W Roche, R T Wenn, O Sahota, C G Moran

Abstract

Objectives To evaluate postoperative medical
complications and the association between these
complications and mortality at 30 days and one year
after surgery for hip fracture and to examine the
association between preoperative comorbidity and the
risk of postoperative complications and mortality.
Design Prospective observational cohort study.
Setting University teaching hospital.

Participants 2448 consecutive patients admitted with
an acute hip fracture over a four year period. We
excluded 358 patients: all those aged <60; those with
periprosthetic fractures, pathological fractures, and
fractures treated without surgery; and patients who
died before surgery.

Interventions Routine care for hip fractures.

Main outcome measures Postoperative complications
and mortality at 30 days and one year.

Results Mortality was 9.6% at 30 days and 33% at one
year. The most common postoperative complications
were chest infection (9%) and heart failure (5%). In
patients who developed postoperative heart failure
mortality was 65% at 30 days (hazard ratio 16.1, 95%
confidence interval 12.2 to 21.3). Of these patients,
92% were dead by one year (11.3,9.1 to 14.0). In
patients who developed a postoperative chest
infection mortality at 30 days was 43% (8.5, 6.6 to
11.1). Significant preoperative variables for increased

mortality at 30 days included the presence of three or
more comorbidities (2.5, 1.6 to 3.9), respiratory
disease (1.8, 1.3 to 2.5), and malignancy (1.5, 1.01 to
2.3).

Conclusions In elderly people with hip fracture, the
presence of three or more comorbidities is the
strongest preoperative risk factor. Chest infection and
heart failure are the most common postoperative
complications and lead to increased mortality. These
groups offer a clear target for specialist medical
assessment.

Introduction

Hip fractures related to osteoporosis constitute a major
clinical and financial burden to the NHS. Excess mor-
tality after hip fracture is 20% in the first year and is
higher in older men."' * The high mortality, particularly
in the first three months, is probably due to the combi-
nation of trauma, major surgery in elderly people with
concurrent medical problems,' and a low physiological
reserve. We investigated how demographic factors and
important medical conditions influence postoperative
outcomes following hip replacement.
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