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Review

Challenges and common weaknesses in case-control studies on drug
use and road traffic injury based on drug testing of biological samples

Abstract

The purpose of this review is to determine and discuss common weaknesses and errors in case-
control studies on the association between drug use and road traffic crash injury among drivers and
recommend improvements for future studies. A search for case-control studies published between
2000 and 2016 was performed using PubMed and other databases in addition to manual search. The
used methodologies were compared with requirements and recommendations for case-control
studies as well as current knowledge on the interpretation of drug concentrations in biological
samples. Seventeen studies were identified. The major difficulties in the studies were related to likely
selection bias, information bias and confounding. In some studies, the definition of drug exposure
was different for controls than for cases, generating potentially serious errors in the odds ratio
estimations. Other weaknesses include lacking explanation of the assessment of drug exposure,
missing covariates, lacking description of statistical methods, and lack of discussion of bias and
confounding. Recommendations for future studies are presented.
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Abbreviations and acronyms

DRUID Driving Under the Influence of Drugs, Alcohol and Medicines Project
GHB Gammahydroxy butyric acid

ICADTS International Council on Alcohol, Drugs and Traffic Safety

RTC Road traffic crash

THC Tetrahydrocannabinol

TRID Transport Research International Documentation



Introduction

Case-control studies have sometimes been regarded as the optimal epidemiological method for
studying the association between the use of alcohol or drugs, as exposure, and the involvement in
road traffic crash (RTC), as outcome (1, 2). Drivers who are defined as cases are most often selected
because they have been admitted to hospital due to serious injuries or because they were fatally
injured in an RTC and therefore subject to post-mortem autopsy. They may also be selected from
police records, insurance records, other databases and registries on crash-involved drivers, or by self-
reported crash involvement. The controls are drivers representing the population of risk of becoming
cases (3); they are most often selected among drivers in random road traffic from the same
geographical area as the cases.

The exposure to alcohol and drugs may be determined in different ways: by analysing drugs in
biological samples (blood, oral fluid, urine, or sweat), by self-reporting, or by using data from
prescription registries. In this article we have only reviewed studies using biological samples to assess
exposure.

An important requirement is that drug exposure is defined appropriately and accurately, and in the
same way for cases and controls, to avoid significant information bias (4). If the accuracy and/or
precision in the assessment of exposure is poor, misclassification will occur, causing noise in the
statistics, which may obscure real associations between drug use and RTC involvement or create the
appearance of unreal associations (4).

Covariates (independent variables) that should be included in the statistical analysis are driver
variables that may explain some or all of the association between exposure and outcome.

Culpability (responsibility) studies are a special type of case-control studies where only crash-
involved drivers are studied. Drivers who contribute to the occurrence of their crash are then defined
as cases and non-culpable as controls, assuming that non-culpable drivers are randomly selected
from the driving population (5-8). Studies of that type will not be discussed in this article, but a
number of issues will be relevant for those as well.

We have previously reviewed epidemiological studies on the association between drug use and RTC
involvement (9). We then observed that many studies, particularly case-control studies, suffered
from serious weaknesses. Some challenges when performing case-control studies on drug use and
RTC involvement have been discussed in previous articles (8, 10, 11). The aim of this review was to
examine previous studies to assess the study design, statistical analysis of findings and discussion of
results to identify weaknesses and challenges, and to propose improvements. Studies investigating
only alcohol are not included.

Methods

Selection of studies

A broad search of studies published in the English language between 2000 and 2016 was performed.
The following databases were included: PubMed, Google Scholar, Web of Science, ICADTS Database
(www.icadtsinternational.com) and TRID Database (https://trid.trb.org). Search terms were: ‘case-
control drugs driving’; ‘case-control road traffic accident’; ‘drugs crash risk’, or synonyms. In addition,
a manual search was done by examining reference lists in relevant articles and reports. The used
methodologies as well as the discussion of bias and confounding were compared with
recommendations for case-control studies (3, 8, 12).

Assessment of selection bias
The participation rate or included proportion of the total cohort was recorded.
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Assessment of drug exposure and information bias

The type of biological sample used to assess drug exposure among cases and controls was recorded.
If the type of biological sample used for cases was different from the type used for controls, we
assessed whether the definition of exposure was equivalent for cases and controls. We also
examined whether the exposure definition was explained, i.e. whether it reflected possible drug
intoxication/impairment or drug intake during the last day, days or weeks.

Assessment of statistics including covariates

The descriptions of the statistical methods were assessed to determine whether sufficient details
were presented so that other researchers could reproduce the statistical assessment. We recorded
the included covariates.

Results

Overview of case-control studies during 2000-2016

A total of 17 case-control studies on the association between drug use and being injured in a road
traffic crash based on analysis of biological samples were identified (Table 1); 12 of the reports were
published in peer-reviewed journals.

Selecting cases and controls

Injured drivers were included in eight studies; killed drivers in eight studies, and both injured and
killed in one. No study selected only drivers who were responsible for the crash as cases. However; in
two studies, drivers involved in single vehicle crashes were analysed separately; they were then
regarded as culpable for the crash (13, 14). Only drivers of cars and vans were included in six studies.

Drivers in random road traffic were selected as controls in 14 studies. In one study, patients who had
been hospitalized for other reasons than RTC involvement were selected as controls; whereas in two
studies, drivers were selected at petrol stations. Collection of controls was not in any study
performed on the actual RTC sites, but in the same geographical areas in some studies.

The participation rates for cases ranged from 17% to 100%. It was lower than 80% or not presented
among injured drivers who participated voluntarily in three studies, one included both injured and
killed drivers. Fatally injured drivers were included as cases because toxicological testing was
requested by the police in eight other studies; the inclusion rate was less than 80% in six and not
presented in two of those studies. The participation rates for controls ranged from about 45% to
100%; it was lower than 80% in 11 studies. Data from several countries were merged in two studies.

The participation rates were in general lower when collecting blood samples than when collecting
oral fluid samples from controls.

Defining and measuring exposure

Drug exposure was assessed by analysing blood samples from cases and oral fluid samples from
controls in seven studies; in two of those, blood samples were analysed from a minor proportion of
the controls instead of oral fluid. Three studies had analysed only blood samples, two studies only
urine samples. The remaining five studies had used a combination of urine and blood samples from
cases, and either oral fluid or blood and urine, in different proportions than for cases, among
controls. Self-reported data was used as supplement in one study, and samples of sweat in one
study.

Only one of the studies used cut-off concentrations for drugs that had been documented to be
associated with significant impairment of psychomotor and cognitive functions; that study compared
three cut-off concentrations for THC (15), including a limit of 5 ng/mL in blood. A review of previous



experimental studies concluded that THC plasma concentrations of 7-10 ng/mL gave an impairment
corresponding to a blood alcohol concentration of 0.5 g/L (16); this corresponds to THC
concentrations in whole blood of about 5 ng/mL.

Five case-control studies that collected blood from cases and oral fluid from controls had used cut-off
concentrations that were defined as equivalent in oral fluid and blood (13, 14, 17-19). When using
equivalent cut-off concentrations, the prevalence of positive drug test results is expected to be the
same regardless of whether oral fluid or blood is analysed (20, 21).

Only one substance class was analysed in one of the studies (22); multidrug use or combinations of a
drug with alcohol was then disregarded.

Statistical assessment and covariates

Controls had been matched with cases regarding important covariates in three studies. Of the other
studies, only bivariate data analysis (i.e., calculating crude odds ratios) was used in four studies and
multivariable analysis in 10 studies.

One study had included only age as covariate; whereas most studies had included age and sex. Some
studies had also included alcohol or drug use, time period, season, geography, and urbanity. One
study had included non-stop driving time and years of driving.

The simultaneous use of more than one psychoactive substance was handled in different ways in the
10 multivariable analyses. Three studies had included all psychoactive substances as covariates
during analysis (or similar substances grouped together) (23-25); two had also included substance
interaction variables (23, 25). The logistic regression analysis was simplified by using sub-samples
comparing subjects who tested positive for only the investigated substance or substance group (as
exposure) in six studies. Of those ones, the reference group was subjects who did not test positive
for alcohol or any drug in two studies (all drivers that had used any other psychoactive substance
were excluded from the statistical analysis), whereas the reference group was not defined in four
studies. When data for a drug or drug group were presented, several studies did not specify whether
the data represented drivers testing positive for only the drug in question, or whether the drivers
may also have tested positive for other substances. Altogether, the statistically assessment of the
findings was not described sufficiently detailed in about half of the studies.

Discussion

All reviewed case-control studies on the association between drug use and being injured in a RTC had
weaknesses. Many studies had potentially significant selection bias. Information bias was also
common, particularly in studies based on different types of biological samples from cases than from
controls, and in studies where analytical results from blood, urine or oral fluid samples were mixed.
Some studies had not included significant covariates in the statistical analysis. The impact of those
weaknesses is that the calculated odds ratios were likely to be inaccurate; the errors may in some
cases have caused incorrect conclusions on the risk for crash involvement after drug use (8). This
finding was not unexpected, as case-control studies tend to be more susceptible to biases than other
analytical epidemiological designs; selection bias, information bias and confounding are important
causes of inconsistent or contradictory results (12).

Most studies did not explain what the classification of drug exposure meant in terms of possible
impairment/intoxication or time since last drug intake, and many studies did not describe the
statistical methods with sufficient details, or discuss significant study limitations.



Selection of cases and controls

Non-participation is a common challenge in survey research on sensitive issues (26, 27). When
selecting controls from random road traffic, drivers were in most studies stopped by police officers
and asked to participate in a study. There is considerable variation in public trust towards the police
in different countries (28). Some drivers may therefore have believed that the survey was not
completely anonymous, or they feared that the police officer may recognize and report any use of
alcohol or drugs. It can thus be expected that the prevalence of alcohol or drug use among those who
refused to participate in this type of study was higher than among those who were willing to provide
a biological sample for testing (8).

The type of drivers selected as controls was not optimal in some studies. For example, patients who
had been hospitalized for other reasons than RTC were selected as controls in one study (29). Injuries
and illness is in many cases associated with alcohol or drug use; therefore, it is likely that those
patients did not represent random drivers and the odds ratio may be under-estimated in those
studies. They should instead be regarded as another patient cohort, not controls. Drivers at petrol
stations were used as controls in two studies (22, 30). It is likely that some drivers who were under
the influence of alcohol or drugs may have avoided filling petrol when there was a chance of being
observed and reported to the police. Therefore, the odds ratio may have been over-estimated in
those studies.

None of the studies selected controls at crash sites. Reasons may be high speed limits that are not in
line with safety requirements for the researchers, insufficient space for collecting controls, or lack of
priority. If controls were selected at other sites, they might represent a somewhat different
population than RTC involved drivers.

If injured drivers were included as cases and participation was voluntary, it is also expected that the
prevalence of alcohol and drugs was under-estimated in studies with high refusal rate, contributing
to under-estimation of the odds ratio for RTC involvement. Low participation rate may also be caused
by the fact that treatment of injuries was prioritized higher than recruitment to a research project;
however, this may not necessarily cause a significant selection bias.

Another likely selection bias is that drivers with minor injuries were not admitted to hospital for
treatment and therefore not included, while the most severely injured drivers may have needed
intensive care (or were unconscious) and could therefore not be asked to participate.

If drivers killed in road traffic crashes were studied as cases, only those who were subject to legal
autopsy or blood sampling were included. It is likely that the police may have avoided requesting
autopsy or blood sampling if there was no legal reason to do so, unless the law explicitly stated that
autopsies should be performed for statistical reasons. If only a proportion of crash-involved drivers
were tested for use of alcohol or drugs, the decision on whom to test may be based on suspicion of
alcohol or drug use; therefore, the prevalence of alcohol or drugs in samples from cases may be over-
estimated causing over-estimation of the crash risk. This was likely in at least six studies.

The most significant over-estimation of the odds ratios for RTC involvement had probably occurred in
six studies with low participation rates among controls and cases selected by the police for alcohol
and drug testing. However, the assessment of drug exposure was not equivalent for cases and
controls in three of those studies, making it impossible to conclude whether the odds ratios were
significantly over or under-estimated, but they are probably inaccurate.

Crash-involvement does not mean crash responsibility. In some crashes between a drug-impaired

driver and a sober driver, the driver who was injured or killed and therefore most likely included in
the study as crash-involved might not have been the one who was responsible for the collision. We
would expect that the association between drug use and crash responsibility would be higher than



for merely crash involvement. Few studies distinguished between drivers involved in single and
multiple vehicle crashes (13, 14); those involved in single vehicle crashes were then defined as most
likely responsible for the crash.

Assessing drug exposure

An important requirement is that drug exposure must be defined appropriately, accurately, and in
the same way for cases and controls to avoid information bias (4). Drug concentrations in blood
reflect better than any other biological samples drug use that may affect cognitive and psychomotor
functioning. Therefore, blood samples should ideally be analysed both for cases and controls. It has
earlier been assumed that the presence of a drug in a sample of oral fluid reflects presence in blood
(31-33); therefore, oral fluid was collected instead of blood samples in many studies. However, there
are large inter- and intra-individual variations in the drug concentration ratio between oral fluid and
blood (34, 35). The use of oral fluid samples will thus introduce an additional variability, which may
cause misclassification of drug exposure: a drug may be detected in oral fluid while it is not
detectable in blood (i.e., below the cut-off concentration), or vice versa. We have previously found
that 2-64% of drivers who tested positive for different psychoactive drugs in oral fluid tested
negative in blood (36, 37). The misclassification may either be systematic, by random, or both, and
may obscure any associations between drug use and crash involvement or create the appearance of
unreal associations. To reduce or eliminate systematic misclassification, drug concentration cut-offs
in oral fluid that are equivalent to cut-off concentrations in blood were used in some studies, but
random classification errors would still occur due to the variation in drug concentration ratios
between oral fluid and blood for individuals.

Methods to minimize the extent of this type of misclassification of drug exposure should be
considered. A possible method might be to include self-reported drug use in addition to the drug
test, even though the data might not always be reliable. This should only be included if also used for
drivers defined as cases (i.e., crash-involved). Self-reported drug use may be of particular interest
when studying the population of drug-using drivers as a whole, or habitual drug using drivers, where
drug testing alone is insufficient. Self-reported information about the driver’s attitude to driving after
using the drug in question might also provide valuable information.

When studying drug exposure among cases, samples of blood or oral fluid should be taken from
cases immediately after the crash. If there is a delay, the drug concentration may decline due to
distribution, metabolism and excretion. The decrease in concentration is particularly fast for GHB,
THC and cocaine (38-41). If using blood samples taken during post-mortem autopsy several days after
the fatal RTC, the drug concentration in blood may not reflect the drug concentration at the time of
the crash due to post-mortem re-distribution (42-44).

Low cut-off concentrations in blood, oral fluid or urine were used in most studies, thereby classifying
drivers who had used drugs within the last day/days/weeks as being drug exposed. The advantage
with choosing a low cut-off concentration is that the number of drug-exposed cases and controls will
be larger, thus improving the statistical power. However, then a positive drug test will not necessarily
indicate impairment or intoxication. None of the studies included in this review investigated
specifically drug intoxicated drivers; except one study that distinguished between high and low
concentrations for THC (15).

If blood samples are analysed from both cases and controls, the drug concentrations should be taken
into account in the statistical analysis, rather than dichotomizing using a more or less arbitrary cut-
off. If the aim is to study the crash risk after taking a dose that is likely to cause intoxication or the
feeling of ‘high’ or ‘stoned’, i. e. a dose which may be accompanied by impaired cognitive and
psychomotor functioning, the exposure may be defined as a drug concentration in blood above a
limit that has been documented to impair cognitive or psychomotor functions in previous



experimental studies. Claiming a causal relationship between drug use and crash involvement would
become more plausible if a concentration or dose-response relationship is found.

Detected drugs within the same drug class were in most studies grouped together, such as
benzodiazepines and opioids, in order to obtain large number of drug-exposed cases and controls to
improve statistical power. The cut-off concentrations for the single drugs included in the drug group
were in most studies not associated with the same degree of impairment in psychomotor and
cognitive tests. Data on equipotent doses of e. g. benzodiazepines (45-47) and opioids (48-50) have
been published. Based on these doses and pharmacokinetic properties, equipotent drug
concentrations have been estimated, and drug concentrations can be converted to diazepam
equivalents for benzodiazepines and morphine equivalents for opioids (51). This procedure would
have improved the quality of the odds ratio estimations for benzodiazepines and opioids when
grouped together.

Sometimes, different substances were compared, e.g. the RTC risk associated with using one type of
benzodiazepine was compared with the risk associated with using another type of benzodiazepine or
an opioid. In order to obtain comparable data, the cut-off concentrations should be equivalent
regarding impairing effect of those substances in experimental studies.

Statistical assessment and covariates

Some studies calculated only the bivariate (crude) odds ratio. This may cause significant errors, as the
probability for crash involvement is also related to age, sex, and time of day/week, as well as other
factors. The investigators should consider including covariates that are distributed differently among
exposed and non-exposed drivers; this should be based on plausible hypotheses.

Also the use of other psychoactive substances (in addition to the drug in question) is very important.
This has been handled in different ways, which have affected the calculated odds ratio. The most
common method has been to study only one substance (or substance group) at a time, excluding
drivers testing positive for other drugs, or ignoring other drug findings. Excluding drivers that had
used other drugs reduced the number of individuals included in the analysis, and consequently also
decreased the statistical power, whereas ignoring other drug findings will make the interpretation of
the odds ratio more difficult as it will be based on drivers with single drug use and multi-substance
use.

The annual driving distance had had not been included as covariate in any study. Low annual mileage
is associated with high crash risk (52, 53) and should therefore be considered as covariate. However,
this covariate cannot easily be studied for killed drivers.

Some likely confounders that are difficult or impossible to include are impulsivity and risk-taking
personality. Previous studies have found associations between the use of illicit drugs and risk-taking
personality (54-58), which may be associated with high crash risk also in the absence of drug use. In
addition, risk-taking behaviour might again be increased after using some types of drugs. Attitudes in
the society towards driving after using alcohol or drugs may also affect the calculated odds ratio (59).

If the sample size is small and many covariates are included in the statistical analysis, one important
challenge is to avoid empty cells in the contingency tables. It has previously been recommended to
replace zero in such cells by % (60). This was done in one study (61). However, this may also lead to
incorrect odds ratio estimations, so we suggest that this is not done. Instead, consider excluding
those covariates from the data analysis.

If including alcohol and other single drugs as covariates, the probability of empty cells increases,
particularly because some drugs found among cases are rarely detected among controls. One way to
avoid empty cells is to group similar compounds, e.g. benzodiazepines, into one covariate; another



possibility is to group the use of other substances than the one being investigated into a single
covariate.

Three studies selected controls by matching age and sex with cases, in one study geographical area
and season were used as matching criteria, whereas in another study, time period and type of vehicle
was used. However, matching in a case-control design does not control confounding but does
increase efficiency, at the cost of being unable to consider the matching variable as a main effect or
effect modifier. Matching may in fact introduce confounding by the matching factors even when it
did not exist in the source population (62). Multivariable analysis was therefore used in two of those
studies to control for this effect.

Conclusions and recommendations

Many of the challenges and weaknesses observed in this review can be overcome or reduced. A well-
performed case-control study of drug use and RTC injury may provide important information on the
association between drugs and RTC involvement among drivers in actual road traffic and may
supplement findings in experimental findings on the effect of drug doses on cognitive and
psychomotor functions that are needed to drive safely. As there are a number of challenges with
case-control studies, other research methods that may eliminate some of the challenges should be
considered.

Culpability (responsibility) study designs may theoretically mitigate some of the concerns regarding
both selection bias and information bias, because blood samples can be collected and analysed from
both parties involved in crashes. Thereby, the measurement of drug exposure is equal for cases and
controls. Alcohol and drug testing may be performed for both parties involved in a road traffic
collision; thereby the selection bias may be reduced. However, it may be difficult to include a
sufficiently high number of RTCs to get good statistical power. There are a number of challenges with
culpability studies as well, particularly obtaining unbiased assessment of crash culpability and
contextual contributions to crash risk (6, 8).

Cohort studies may be used to compare RTC involvement among drivers who are using medicinal
drugs with drivers who are not, or by comparing RTC involvement during periods when the drivers
are using the drugs with periods with no use in a case-crossover study design. This can be done by
coupling data from prescription registries with RTC registries (63, 64) or using self-reported data.
Some challenges regarding selection bias will then be eliminated. If using a case-crossover design,
some key confounders can also be eliminated (65, 66). However, there are challenges regarding the
accuracy of recorded drug exposure; in studies based on prescription databases it is not known
whether the driver actually took the medicinal drug and whether the taken dose was correct; it is
only known that the medicinal drug was dispensed at a pharmacy. It is neither known if alcohol or
other psychoactive drugs were taken. If based on self-reported data, incorrect reporting of alcohol
and drug use and crash involvement may be a problem.

Our recommendations for case-control studies on drug use and traffic injury based on testing of
biological samples are:

1. The project team should include researchers with competence within the fields of pharmacology,
toxicology, statistics, epidemiology, and well as drug analysis to avoid many common errors and
weaknesses observed in previous studies.

2. Define the selection criteria for cases clearly; efforts should be taken to minimize selection bias. If
studying drivers injured in RTC, select them systematically or by random, as long as it does not
interfere with medical treatment. Specify whether cases are selected because of crash involvement
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or crash responsibility. Present participation rate or the included proportion of the total cohort, and
discuss any effects of possible selection bias on calculated odds ratios.

3. Define selection criteria for controls clearly; the appropriateness of the control group should be
critically assessed. Learn from previous studies how to obtain highest possible participation rates as
it is essential to avoid that alcohol and drug using drivers refuse to participate. Discuss possible
selection bias on the calculated odds ratios.

4. Specify whether the study objective is to investigate the crash risk among (a) drivers being under
the influence of drugs (intoxicated or ‘high’); or (b) drivers who have detectable trace of the drugin a
biological sample (blood, oral fluid, urine, or sweat). It is possible to study subgroups (a) and (b) in
the same investigation. If the aim is to study the odds ratio for crash involvement during acute
impairment/intoxication, drug concentrations above the selected cut-off concentration in the
biological sample should be found to impair psychomotor and cognitive functions in experimental
studies.

5. Use the same criteria for defining drug exposure for cases and controls; justify and explain the
criteria to avoid misunderstanding by non-pharmacologists.

6. Collect blood samples from cases and controls, if possible, because blood is the best type of
biological sample for assessment of drug-related impairment at the time of sample collection. If using
oral fluid sample from controls and blood samples from cases, drug exposure is not defined equally.
In that case, equivalent definitions of exposure should be used and potential consequences of using
different sample types must be discussed. Collecting additional data on drug intake, such as self-
reported use, may be considered to reduce misclassification of drug exposure. If analysing urine
samples to detect alcohol and drug exposure, select urine from both cases and controls. Collect
biological samples from cases as soon as possible after the crash, record the time from crash to
sample collection, and discuss the impact of the time lapse between RTC and sample collection on
concentrations of alcohol and drugs. If using post-mortem autopsy samples, discuss the impact of
alcohol and drug concentration changes.

7. If the numbers of cases and controls are sufficiently high and blood samples are analysed, calculate
the odds ratio for RTC involvement for drug concentration intervals in blood, similarly to studies
previously performed for alcohol.

8. If comparing drugs or studying the association between drug groups (e.g. benzodiazepines or
opioids) and RTC involvement, use cut-off concentrations reflecting use of equipotent doses.

9. The proportion of drivers involved in single vehicle and multiple vehicle crashes should be
presented. The odds ratio for those groups may be calculated separately. The proportion of drivers of
different motor vehicle types should be presented; alternatively may only car/van drivers or
motorcycle/moped drivers be included.

10. For the regression analysis, the process of selecting covariates and interaction variables should be
described. We recommend that other psychoactive substances (single substances or grouped
together) are included as covariates in the data analysis and calculated odds ratios for all covariates
are presented. The effects of potentially significant covariates that are not included in the statistical
analysis should be discussed.
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Table 1. Case-control studies on drug use (as exposure factor) and being injured in a road traffic crash (as outcome)

Selection of cases and controls Assessing drug exposure Statistics

Authors, year, country Cases Partici- Controls Partici- Selection | Biological | Same or Likely Drug Statistical Covariates | Statistical
pation pation bias samples equivalent | infor- exposure approach methods
rate (%) rate (%) for cases mation level is clearly clearly
and bias described described
controls

Assum et al. (2015), 87 Unkn 410 87 Likely Alcohol: B | No CC, SYE, Cut-offs Bivariate None Yes
Norway (61) killed or drivers in or BR RE presented; SS, SG, SC

injured normal Drugs: B not explained | Ref: NSU

car/van/ traffic (cases);

minibus OF

drivers (controls)
Beirness et al. (2013), 902 Unkn 4,711 68.4 Likely Alcohol: B | No CC, SYE, Cut-offs not Bivariate. None No
Canada (67) fatally or BR RE presented SS, SC

injured Drugs: B Ref: NSU

drivers® (cases);

OF
(controls)

Bogstrand et al. (2012), 96 93 5,305 93.8 Likely Cases: B Yes CC, SYE, | Cut-offs Bivariate and age Yes
Norway (19) injured drivers in Controls: RE presented; Multivariable,

car/van normal OF not explained SC

drivers traffic Ref: NSU
Brault et al. (2014), 512 38.3 5,931 49.6 Likely Alcohol: B | Yes cc Cut-offs Bivariate and age, sex, No
Canada (68) killed drivers in or BR presented; Multivariable, | tim

passenger normal Drugs: U explained SS, SG, SC

vehicles traffic Ref: not

drivers defined
Gjerde et al. (2011), 204 61 10,540 88 Likely Cases: B Yes CC, RE Cut-offs Bivariate and age, sea, No
Norway (13) killed drivers in Controls: presented; Multivariable, | sex, tim

car/van normal OF not explained | SS, SG, SC

drivers traffic Ref: not

defined

Gjerde et al. (2013), 508 61 9,261 94 Likely Cases: B Yes CC, RE Cut-offs Bivariate and age, geo, No
Norway (14) killed drivers in Controls: presented; Multivariable, | sea, sex,

car/van normal OF partly SS, SG, SC tim, urb

drivers traffic explained Ref: not

defined
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Selection of cases and controls Assessing drug exposure Statistics
Authors, year, country Cases Partici- Controls Partici- Selection | Biological | Same or Likely Drug Statistical Covariates | Statistical
pation pation bias samples equivalent | infor- exposure approach methods
rate (%) rate (%) for cases mation level is clearly clearly
and bias described described
controls
Hels et al. (2011) (69) 1112 F194.3 21,917 F152 Likely Alcohol: B | Yes CC, RE Cut-offs Bivariate and age, geo, Yes
Bernhoft et al. (2012) killed NO 59 drivers in NO 94 or BR presented; Multivariable, | sex
(17) car/van PT 79 normal PT 97 Drugs: B not explained | SS, SG, SC
Europe (4 countries) drivers SE 94 traffic SE 62 (cases); Ref: NSU
OF
(controls)
Hels et al. (2011) (69) 2490 BE 94.6 15,832 BE 48 Likely Alcohol: B | Yes CC, RE Cut-offs Bivariate and age, geo, Yes
Hels et al. (2013) (18) injured DK 95 drivers in DK 95 or BR. presented; Multivariable, | sex
Bernhoft et al. (2012) car/van FI91.5 normal FI 52 Drugs: B not explained | SS, SG, SC
(17) drivers IT 100 traffic IT 100 (cases); Ref: NSU
Europe (6 countries) LT 100 LT76 Bor OF
NL Unkn NL 95 (controls)
Hou et al. (2012), Taiwan | 254 93 254 76 Likely Alcohol: B | No CG; SYE® | U cut-offs Multivariable, | age, alc, Yes
(23) Injured drivers in or BR presented; SS, SG, SC amp, bar,
car/van normal Drugs: B not explained Ref: NSU ben, geo,
drivers traffic orU mar, sex,
tca, tim
Kuypers et al. (2012), 337 86.3° 2,726 44.8 Likely Alcohol: Yes cC Cut-offs Bivariate and age, sex, No
Belgium (15) injured drivers in BR presented; Multivariable, | tim
car/van normal Drugs: B not explained | SS, SG, SC
drivers traffic Ref: not
defined
Li et al. (2013), USA (70) 737 35.6 7,719 70.7 Likely Alcohol: B | No CC, SYE Cut-offs not Bivariate Yes
killed drivers in or BR presented; SS, SG, SC
drivers’ normal Drugs: B not explained | Ref: NUSS
traffic orU
(cases);
OF
(controls)
Mathijssen and Houwing | 184 88.9 3374 87.6 Likely Alcohol: B | No CC, SYE, | Cut-offs Bivariate None Yes
(2015), The Netherlands injured drivers in or BR RE presented; SS, SG, SC
(71) drivers® normal Drugs: B not explained | Ref: NSU
traffic (cases); B,
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Selection of cases and controls Assessing drug exposure Statistics
Authors, year, country Cases Partici- Controls Partici- Selection | Biological | Same or Likely Drug Statistical Covariates | Statistical
pation pation bias samples equivalent | infor- exposure approach methods
rate (%) rate (%) for cases mation level is clearly clearly
and bias described described
controls
U
(controls)
Movig et al. (2004), The 110 Unkn 816 79.3 Likely Alcohol: B | Yes CC, SYE® | Cut-offs not Multivariable, | age, alc, Yes
Netherlands (24) injured drivers in or BR presented; SS, SG, SC amp, ben,
car/van normal Drugs: B not explained Ref: NSU can, coc,
drivers traffic orU opi, sea,
sex, tim
Mura et al. (2003), 900 96 900 96 Likely B and Yes cC Some Matching age, sex No
France (29) Injured non- either U cut-offs SS, SG, SC
car drivers trauma or SW presented,; Ref: not
patients not explained | defined
Perttula et al. (2014), 427 Unkn 687 63.4 Likely Cases: B Yes CC, SYE Cut-offs Matching age, geo, Yes
Finland (22) killed drivers at Controls: presented; Multivariable sea, sex
drivers” petrol B, Q explained (age)
station SG
Ref: NUSS
Romano et al. (2014), 1,766 Unkn 3,424 71 Likely Alcohol: B | No CC, SYE, Cut-offs not Bivariate and age, alc, Yes
USA (25) killed car drivers in or BR RE presented; Multivariable | dru, eth,
drivers normal Drugs: B not explained | SS, SG sex
traffic orU Ref: NSU
(cases)
and OF
(controls)
Woratanarat et al. 200 17 849 53 Likely Alcohol: B | Yes Not Cut-offs Matching alc, ill, nil, Yes
(2009), Thailand (30) injured drivers at or BR signifi- presented; Multivariable ndt, sex,
motor petrol Drugs: U cant explained SS, SG tim, yod
vehicle station Ref: NUSS
drivers

*The term “driver” may include motorcycle or moped riders. °Different proportion of blood and urine samples among cases than among controls. “Before
excluding non-eligible drivers.

Selection of cases and controls. Unkn = unknown; NRS = non-representative selection of cases or controls. Country abbreviations: BE = Belgium; DK =
Denmark; Fl = Finland; IT = Italy, LT = Lithuania; NL = The Netherlands; NO = Norway; PT = Portugal; SE = Sweden.
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Assessing drug exposure. Samples: B=blood; BR=breath; OF=oral fluid; SW=sweat; U=urine. Likely information bias: CC = concentration change in cases
before sample collection; SYE = Systematic error in exposure classification due to different exposure definition for cases than for controls; RE = Random
errors in exposure classification due to use of oral fluid.

Statistics. Approach: SC = substance combinations; SG = substance group use; SS = single substance use; NSU = no substance use; NUSS = no use of the
studied substance; Ref = reference group. Covariates: age = age of driver; alc = alcohol used; amp = amphetamines; bar = barbiturates; ben =
benzodiazepines; dru = drugs; eth = ethnicity; geo = geographical area; ill = illicit drugs; mar = marital status; ndt = non-stop driving time; nil = non-illicit
drugs; sea = season of the year; tca = tricyclic antidepressants; tim = time of day or week; urb = urbanity; yod — years of driving.
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