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ABSTRACT  

The patterns of drug use among drivers suspected for driving under the influence of non-alcohol drugs 
have changed over the past ten years. The aim of this study was to describe trends in single substance 
prevalence and total prevalence of benzodiazepines and amphetamines in blood samples from apprehended 
drivers, and compare findings with statistics of drug seizure by year. The sample represented totally 39935 
apprehended drivers, varying from about 3500 to 4800 each year between 2000 and 2009. The study found 
that after 2002 the prevalence of benzodiazepine has ranged from 52 to 57% among all apprehended drivers. 
There have been major changes in single substance prevalence, and the changes are similar to the changes 
in benzodiazepine seized by the police. There was no significant changes in the prevalence of amphetamines 
from 2000 to 2009 (35-43%), but the most prevalent stimulant has shifted from amphetamine to metham-
phetamine in both police seizures and blood samples from apprehended drivers. A combination of benzo-
diazepines and amphetamines was commonly detected in samples from apprehended drivers. 
 
 
 

INTRODUCTION 
 
Characteristics of drivers apprehended by the police for 
driving under the influence (DUI) of alcohol or other 
psychoactive substances have been described earlier in 
several studies (1-5). Based on information from police 
protocols the main reasons for apprehension are acci-
dents, reckless or dangerous driving (1). The typical 
apprehended driver is a man between 20 and 35 years 
of age. He usually combines several psychoactive sub-
stances; illegal, medicinal drugs and alcohol. The blood 
concentrations of the medicinal psychoactive drugs are 
usually higher than expected from recommended the-
rapeutic doses (2). Re-arrest rates are higher for drivers 
arrested for drugged driving compared to those arrested 
for drunk driving (1). The apprehended drivers run a 
high risk of early death compared to the general popu-
lation (1,6), and problem drug users are probably over-
represented among apprehended drivers. A comparison 
of sale statistics of prescribed benzodiazepine use 
recorded in the prescription register and use among 
apprehended drivers showed different age distributions 
for the two groups. The majority of the apprehended 
drivers with benzodiazepine detected were between 20 
and 40 years old, while the majority of prescription 
users were older than 50 years of age (3). Police sta-
tistics over the last ten years shows a marked downturn 
in the seizures of the benzodiazepine flunitrazepam 
while the seizures of clonazepam have increased. In 
the same period of time the proportion of metham-
phetamine in the total number of amphetamine and 
methamphetamine seizures have increased from 1.8% 
in 2000 to 64.3% in 2009 (7).  

The aim of this study was to: 
 
• Report the prevalence of amphetamine and meth-

amphetamine and benzodiazepines in blood samples 
from apprehended drivers by year. Hypothesis: pre-
valence rates of benzodiazepines and amphetamines 
are stable, while single substances changes from 
year to year. 

• Compare police seizure statistics with prevalence of 
benzodiazepines and amphetamines in apprehended 
drivers. Hypothesis: changes in police seizures are 
reflected in the analytical results of blood samples 
from apprehended drivers. 

 
 
METHODS 
 
Participants 
 
The drivers included in the sample material were 
stopped by the Norwegian police on the suspicion of 
impaired driving in Norway from 2000 to 2009. The 
driver may have been involved in an accident, stopped 
for dangerous or reckless driving, reported to the police, 
or stopped in a roadside control. The suspected driver 
was transported to a police physician for blood samp-
ling and clinical examination in case of drug suspicion. 
Samples were sent to the Norwegian Institute of Public 
Health (NIPH), Division of Forensic Medicine and 
Drug Abuse, for drug analysis if the police suspected 
use of psychoactive non-alcohol drugs. The blood 
samples were analysed for about 25 different drugs 
and alcohol. A more detailed description of the proce-
dure has been published earlier (4,5). 
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 An anonymous dataset comprising year of analysis, 
amphetamine and benzodiazepine findings for all cases 
suspected of driving under the influence of alcohol or 
other psychoactive substances in the database from 
2000-2009 were extracted from the database at the 
institute. 
 
Variables  
The “amphetamines” variable consists of all drivers 
submitting a blood sample which was found to be po-
sitive for amphetamine or methamphetamine. Samples 
being positive for ecstasy (MDMA) and similar com-
pounds only, were not included. “Amphetamine” sam-
ples consisted of drivers who submitted blood samples 
found to be positive for amphetamine without conside-
ring whether methamphetamine was present or not. 
“Amphetamine -no meth finding” consists of drivers 
who submitted blood samples that were positive for 
amphetamine only and negative for methampethamine. 
About seven percent methamphetamine is metabolized 
to amphetamine in the body; as described in figure 1. 
Ingestion of methamphetamine may therefore lead to a 
sample positive for both methamphetamine and amphe-
tamine (8). No amphetamine to methamphetamine ratio 
was calculated, and no attempt was made to examine 
whether a positive finding of amphetamine and meth-
amphetamine was from methamphetamine use alone or 
combined use. The variable “methamphetamine” in-
cludes all cases positive for methamphetamine, with 
no regard to the amphetamine result. 
 Flunitrazepam, clonazepam, alprazolam, diazepam, 
oxazepam and nitrazepam were included in the cate-
gory benzodiazepines. Positive samples were reported 
independently as single substances and together as 
benzodiazepines. Combinations of benzodiazepines 
were also counted. 
 The seizure statistic presented in figure 2 and 3 was 
from the publication “Narkotika og Dopingstatistikk 
2010” published by the police (7). Calculation of pro-
portions of methamphetamine in figure 2 was propor-
tion in the total amount of seized amphetamine and 
methamphetamine and not proportions of the total 
amount of all seized drugs (7). To make better compa-
risons, the seizure statistic was therefore compared 
with methamphetamine positive drivers within drivers 
positive for amphetamine and methamphetamine. The 
same comparisons were performed for benzodiaze-
pines: one benzodiazepine type as the proportion of all 
benzodiazepines seized was compared to one benzo-
diazepine type blood sample finding as proportion of 
all benzodiazepine findings by year. 
 
Data sources  
The blood sample analysis was performed at NIPH in 
Oslo, Norway. According to forensic guidelines all 
positive samples were analyzed twice with both scree-
ning and confirmation/quantization methods. During 
the study period there have been some minor changes 
in analytical methods and cut-off changes for some 
compounds. 

 
Figure 1.  Amphetamine and methamphetamine metabolism. 
 
 
Benzodiazepines 
From 2000 until June 2001 a gas chromatography with 
electron capture detector (GC-EC) method, from June 
2001 until May 2009 a high-performance liquid chro-
matography mass spectroscopy (HPLC-MS) (4,9) met-
hod and after May 2009 an ultra-performance liquid 
chromatography mass spectroscopy (UP-LC MSMS) 
method was used for screening blood samples for 
benzodiazepines (10). From 2000 until June 2001 a 
gas chromatography with electron capture detector 
(GC-EC) method (all except for oxazepam) and a 
liquid chromatography with UV detector (LC-UV) 
(oxazepam), from June 2001 until July 2007 a high-
performance liquid chromatography mass spectrosco-
py (HPLC-MS) (4,9) method, and after July 2007 an 
ultra-performance liquid chromatography mass spec-
troscopy (UP-LC MSMS) method was used for confir-
mation and quantization of benzodiazepines. Cut-offs 
for all benzodiazepines were reduced in June 2001. 
 
Amphetamines 
From 2000 until May 2009 an immunological scree-
ning (11) and after May 2009 an ultra-performance 
liquid chromatography mass spectroscopy (UP-LC 
MSMS) method was used for screening blood samples 
for amphetamines (10). During the whole period a gas 
chromatography- mass spectroscopy (GC-MS) method 
was used for confirmation and quantization of both 
amphetamine and methamphetamine. Cut-offs for 
these compounds have not been changed during this 
period (12). 
 
Statistical methods  
Prevalence of psychoactive substances by year was 
analyzed with logistic regression to test if the trend 
was statistically significant. The trend was presented 
as odds ratios (OR) with 95% confidence intervals 
(CI). Limit of statistical significance was p ≤ 0.05. 
 
Ethics  
All the data in this study was derived from an existing 
database at NIPH Division of Forensic Toxicology and 
Drug Abuse. All data was handled anonymously. 
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Figure 2.  Prevalence of types of benzodiazepines compared to police seizures by year (Data from police 
seizures derives from Drugs and doping statistics 2010 (7)). 
1 Proportion of benzodiazepine type among drivers screening positive for benzodiazepines 
2 Proportion of benzodiazepine type in Police seizure of all benzodiazepines 

 
 
 
RESULTS 
 
Participants  
During the period 2000-2009, 39935 samples from dri-
vers apprehended by the police were received at NIPH 
for analyses. All analytical results were included in the 
dataset. The highest number of samples was received 
in 2002 (n=4812), while the lowest number of samples 
was received in 2000 (n=3507). No data other than the 
year and substance findings were derived from the 
database and analysed. 
 
Prevalence of amphetamines  
The total prevalence of amphetamines had not changed 
significantly during the ten year period. Prevalence rates 
varied between 35 and 43% for all samples analyzed. 
The type of stimulant used had, however, changed du-
ring the same period. Methamphetamine was detected 
in only 3% (n=109) of the samples from apprehended 
drivers in 2000, in 2009 methamphetamine was found 
in 35% (n=1484) of the samples. Amphetamine alone 
was detected in 5% (n=211) of the samples in 2009 
(Table 1). 

Prevalence of benzodiazepines  
The prevalence of samples with one or more benzo-
diazepines detected ranged from 40% in 2000 to 63% 
in 2002. After 2002 the prevalence detected has varied 
between 52 and 57% among all apprehended driver 
samples. Flunitrazepam was the most prevalent benzo-
diazepine until 2003. From 2003 to 2009 the preva-
lence of flunitrazepam decreased, while the prevalence 
of alprazolam, diazepam and in particular clonazepam 
increased (Table 1). Samples with more than one ben-
zodiazepine increased significantly from year 2000 to 
2009 (Table 1). Two thirds of all drivers who were found 
to be positive for amphetamine or methamphetamine 
were also positive for one or more benzodiazepine. 
 
Seizures compared to blood sample findings  
Flunitrazepam was the most prevalent benzodiazepine 
in both seizures (7) and among apprehended drivers in 
2002, representing about 70% in both types of cases. 
Both seizures (7) and analytical results of blood samp-
les from apprehended drivers show a marked flunitra-
zepam decrease from 2002 to 2005 (Figure 2). During 
the same period, both seizures (7) and analytical re-
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Table 1.  Prevalence of amphetamines and benzodiazepines in blood samples from apprehended drivers. 
 
 Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Substance by year1 

 n 3507 3974 4812 4016 3705 3729 3916 3951 4113 4212 OR (95% CI) 
Amphetamines %  35 40 43 40 39 39 40 37 38 40 1.00 (0.99-1.01)(ns) 
   Amphetamine % 34 38 40 38 35 36 34 29 28 26 0.94 (0.94-0.95)** 
   Amphetamine % -no 
   meth finding 

32 31 32 29 26 25 20 15 12   5 0.83 (0.83-0.84)** 

   Methamphetamine %   3   8 11 11 13 14 21 23 26 35 1.27 (1.25-1.28)**             
Benzodiazepines %  40 53 63 54 56 56 57 55 52 53 1.02 (1.01-1.02)** 
   Flunitrazepam  18 31 43 21 18 12   7   9   5   2 0.76 (0.75-0.77)** 
   Clonazepam    6   7   7 13 14 15 12 14 17 21 1.15 (1.14-1.16)** 
   Alprazolam    1   2   2   4 10   7   6   5   7 10 1.18 (1.16-1.20)** 
   Diazepam  19 22 23 21 21 26 36 32 29 26 1.07 (1.06-1.07)** 
   Oxazepam    1   3   4   5   6   6   6   6   6   6 1.11 (1.09-1.13)** 
   Nitrazepam    1   2   3   7   6 12   9   9   8   6 1.13 (1.11-1.15)**             
# of positive  
benzodiazepines 

n2 1397 2095 3015 2153 2059 2088 2246 2173 2137 2231  

 1 54 55 57 50 50 43 33 36 37 42  
 ≥2 46 45 43 50 50 57 67 64 63 58 1.11 (1.09-1.12)** 
1 Logistic regression analysis of substance present or not by year, test of statistic significance: (ns): not statistically significant, ** p<= 0.001 
2 Among apprehended drivers positive for benzodiazepines 

 
 
 
sults in blood samples of all other benzodiazepines 
increased. The highest increase was observed for clo-
nazepam; in 2002 4% of the benzodiazepine seizures 
and 12% of the benzodiazepine findings were clonaze-
pam, increasing to 28% and 40% respectively, in 2009 
(Figure 2). Methamphetamine in seizures (7) and app-
rehended drivers represented less than 10% in both 
types of cases in 2000. In 2009 the proportion of meth-
amphetamine was more than 60% of the seized amphe-
tamines (7). The proportion of methamphetamine 
detected among apprehended drivers represented about 
90% of all the amphetamine/methamphetamine cases 
in 2009 (Figure 3). 
 
 

 
Figure 3.  Prevalence of methamphetamine in amphetamine 
blood sample findings and police seizures by year (Data 
from police seizures derives from Drugs and doping statistics 
2010 (7)). 
1 Proportion of methamphetamine among drivers screening positive 

for amphetamines 
2 Proportion of methamphetamine in all seizures of amphetamine 

and methamphetamine 

DISCUSSION 
 
After 2002 the prevalence of benzodiazepine has 
ranged from 52-57% among all apprehended drivers. 
There have been major changes in single substance 
prevalence, and these changes are similar to the 
changes in benzodiazepines seized by the police. There 
have been minor changes in the prevalence of amphe-
tamines totally from 2000 to 2009, but the most pre-
valent stimulant has shifted from amphetamine to 
methamphetamine in both police seizures and blood 
samples from apprehended drivers. 
 
Strengths and limitations  
The major strengths were the size of the study popula-
tion of all drivers apprehended from the whole coun-
try, and the long time period covered by the dataset. 
Another major strength was that all samples from 
suspected drug drivers in Norway has been analysed in 
one laboratory at NIPH. 
 A minor weakness was that there have been some 
changes in analytic methods and analytic cut-off level 
concentrations for benzodiazepines in the beginning of 
the study period. However, according to the high con-
centration levels for benzodiazepines detected the chan-
ges of cut-off levels seem to have had minor effects of 
the results presented in this study. It would have 
strengthened the study to calculate the amphetamine to 
methamphetamine ratio in drivers positive for both. 
This would have made it possible to distinguish be-
tween combined use of amphetamine and methamphe-
tamine and methamphetamine use alone. The samples 
of this study were ordered by the police on suspicion 
of impairment of drugs other than alcohol. The drivers 
have therefore undergone evaluation with regard to 
possible driving under the influence of non-alcohol 
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drugs, before blood samples were taken for documen-
tation of possible drug impairment. The majority of 
samples were therefore positive and the prevalence 
rate not possible to generalize to any other population. 
 
Interpretation  
Amphetamine and methamphetamine 
As hypothesised, prevalence rate for amphetamines 
(amphetamine or methamphetamine) did not change 
significantly between 2000 and 2009. However, the 
most prevalent amphetamine shifted from ampheta-
mine to methamphetamine. As methamphetamine 
metabolizes to amphetamine, finding of amphetamine 
together with methamphetamine may be from inges-
tion of methamphetamine alone. The results indicate 
that the majority of apprehended drivers with ampheta-
mine detected used methamphetamine, either in com-
bination with amphetamine or alone. Widespread use 
of methamphetamine has not been common in Europe 
(13). It has traditionally been used in the former 
Czechoslovakia, while amphetamine use has been 
more common in north east and central Europe (14). 
Amphetamines were the most prevalent illicit drugs 
among apprehended drivers in both Sweden and 
Finland, however no distinction was made between 
amphetamine and methamphetamine in these studies 
(15,16). A shift from amphetamine to methampheta-
mine has been reported in some Scandinavian and 
Baltic countries, in line with the findings of this study 
(14). In 2010 The European Monitoring Centre for 
Drugs and Drug Addiction (EMCDDA) reported in-
creasing seizures of methamphetamine from 2003, 
especially in Norway (17). In a recent study of injured 
patients admitted to hospital in Norway methampheta-
mine was detected in about 80% of the patient samples 
positive for amphetamines (18). Studies of the general 
Norwegian population found lifetime prevalence for 
amphetamines use of about 4%. Last year use was be-
low 1%, the survey does not distinguish between am-
phetamine and methamphetamine (19). Trends in use 
among apprehended drivers may be a supplement to 
such reports as it gives a more detailed knowledge of 
the drug situation in groups who use drugs, and emer-
ging trends may be detected earlier, as the samples 
does not rely on the respondents knowledge of sub-
stance ingested. As hypothesised, there was a match 
between the development in methamphetamine seizures 
and prevalence among apprehended drivers. This stren-
gthens the assumption that there has been a shift from 
amphetamine to methamphetamine use among Norwe-
gian drug abusers. The findings in this population can 

not be generalized to Norwegian problem drug users in 
general although they may be represented in the 
sample. 
 
Benzodiazepines 
In contrast to our hypothesis, the total prevalence of 
benzodiazepine findings among apprehended drivers 
fluctuated significantly. In 2002 about 60% of the app-
rehended drivers were found positive for benzodiaze-
pines and the most prevalent substance was flunitraze-
pam. Although the presence of flunitrazepam has de-
clined significantly since 2002, the total prevalence of 
benzodiazepines was still over 50% during the whole 
period after 2002, because other substances have re-
placed flunitrazepam. The finding of more than one 
benzodiazepine has showed an increasing trend, espe-
cially after 2005. A Norwegian study found demogra-
phic differences between users of prescribed benzodia-
zepines and apprehended drivers tested positive for 
benzodiazepines (3). Studies of apprehended drivers 
from countries outside Scandinavia found a lower pre-
valence of benzodiazepines varying from 4% in Ire-
land (20) and Hungary (21) to 6% in Switzerland (22). 
A study from Finland found benzodiazepines as the 
most prevalent drug group (76%) in a study of all app-
rehended drivers from 1977 to 2001 (16). Benzodiaze-
pines was the second most prevalent substance group 
in apprehended drivers from 1997 to 2008 in Denmark 
(29-55%) (23). As hypothesised it was a similarity in 
rise and decline in police seizures and prevalence 
among apprehended drivers. The similarity between the 
two samples together with a high prevalence of com-
bined use, suggests use of non prescribed and illegally 
bought benzodiazepines. Another support to the assum-
ption was intake above recommended therapeutic 
doses, reported by another study of Norwegian appre-
hended drivers (3). Therefore restrictions on prescrip-
tion status of benzodiazepines may not have the same 
effect as it has had for other groups of drug users 
(24,25). 
 
Conclusion  
Drug prevalence in apprehended drivers matched the 
police seizures and gave a good indication of trends in 
amphetamine and illegal benzodiazepine use. A com-
bination of benzodiazepines and amphetamines was 
commonly detected in apprehended drivers. Interven-
tions to reduce drug use and other preventive measures 
should be considered for drivers combining drugs with 
driving, as they constitute a great risk for themselves 
and other road-users. 
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