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Abstract
Introduction  Real or simulated cycling tests under the influence of alcohol might be biased by laboratory settings. Accident 
analyses consider incidents with injuries only. Herein, criminal offenses consisting of drunk cycling are evaluated in detail 
to fill this gap.
Material and methods  All police-recorded cases of cycling under the influence of alcohol that took place in Düsseldorf, 
Germany, from 2009 to 2018 were identified. A total of 388 respective prosecutor’s files were available for analyses.
Results  Mean blood alcohol concentrations were approximately 2 g/kg in both men and women. Men were overrepresented 
(6:1). Almost 60% of the cases were recorded between Friday and Sunday (the “weekend”). The average blood alcohol 
concentration (BAC) at night (01:00–05:59) was 0.39 g/kg lower than that during the day (06:00–17:59). Drinking after 
cycling allegations appear almost irrelevant among (German) cyclists. On average, the legal outcomes show 33 daily rates 
(median: 30). Additionally, the presented data raise doubts about whether the utilized medical tests or the ways in which they 
are carried out reliably discriminate between different grades of intoxication. Negative tests did not exclude high BACs, nor 
did positive tests correlate well with BACs.
Discussion/Conclusion  In practice, CUI is seen with BACs above 1.60 g/kg in most cases. BACs below 1.60 g/kg either seem 
to be a minor problem or they have been incompletely addressed thus far. In summary, to be prosecuted, drunk cyclists have 
to ride their bikes in either a highly insecure or rude manner or they must cause an accident.

Keywords  Cycling under the influence · Alcohol · CUI · Criminal offense · Hipflask defence

Introduction

It is estimated that more than 20% of road casualties are 
alcohol-related, even though the precise numbers vary from 
country to country, with a broad range from approximately 
5 to 35%. This number corroborates with more than 250,000 
deaths from alcohol-related road injuries worldwide every 
year [1].

In 2018, 4.4% of all cyclists involved in accidents on Ger-
man roads were riding under the influence of alcohol. This 
number corresponds to 4236 cases and is well above the 
average of 2.4% for all road user groups [2]. Evaluations of 
bicycle-related crashes have found that more than one third 
of all injured persons were intoxicated with BACs above 
1.60 g/l [3]. Bicycle or pedelec riders involved in road traffic 
accidents tend to sustain more severe injuries than those of 
motorised road users due to their lower mass and their lack 
of ability to dissipate collision energy [4]. This information 
underlines the need to ride a bicycle in a safe, unimpaired 
manner, which does not necessarily include only the state 
of soberness.

European legal limits vary considerably [5], and coun-
try-specific peculiarities exist. In Germany, if a BAC of at 
least 0.30 g/kg (g alcohol/kg blood) is present at the time 
of driving a car or riding a bicycle, then a criminal offense 
citation may be given if traffic-/medically relevant alcohol-
related deficiency symptoms are detected (it is a so-called 
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“relative impairment” to ride and/or drive while “under the 
influence of alcohol”), e.g. serpentine riding. In any case, 
a crime is committed on a bicycle or pedelec if a BAC of 
at least 1.60 g/kg is present at the time of riding (it is a so-
called “absolute impairment” to ride a bicycle while under 
the influence of alcohol) [6]. This threshold is based on 
experimental studies by Schewe et al. [7, 8].

The different thresholds for “absolute impaired” rid-
ing for cyclists (1.60 g/kg) and “absolute impaired” driv-
ing for motor-vehicle users (1.10 g/kg) in Germany may be 
explained by the easier handling of a bicycle and the cyclist’s 
predominant risk of self-injury, which are factors that remain 
in the foreground. A study that examined the threshold for 
the absolute inability to ride a bicycle [9] demonstrated that 
at BACs of 1.40 g/kg, no test person was able to achieve 
the same riding performance that he or she displayed while 
sober. However, a few test subjects achieved performances 
on the cycling course at more than 1.60 g/kg that were com-
parable to other cyclists’ sober riding performances.

Since every real-cycling or real-driving study has meth-
odological shortcomings (i.e. mainly highly motivated, 
healthy, and young test persons who are clearly aware of 
the test situation), it seems necessary to widen the scope 
to include data from everyday road traffic cases in which 
persons were actually cycling under the influence of alcohol 
(CUI). This can be achieved by analysing data from Düssel-
dorf, which is the capital of North Rhine-Westphalia.

North Rhine-Westphalia is the most populous German 
federal state. Düsseldorf has approximately 640,000 inhabit-
ants [10] and is the seventh largest German city by popula-
tion. Düsseldorf’s old town is known for its large number of 
pubs and nightlife options and is therefore a focal point for 
the consumption of alcoholic beverages.

In 2018, there were 358,154 households with an average 
size of 1.8 persons [11]. Even without taking into account 
the increasing availability of bike-sharing services, there 
were 1.7 bicycles per household. A total of 27.5% of house-
holds do not own a car, 47% of all citizens of Düsseldorf 
use a bicycle at least once a week, and 19% even daily or 
almost daily [12].

The hypotheses for the present work were as follows:
First, we assumed that intoxicated cyclists with compa-

rable BACs are more often overstressed in real road traffic 
settings than in laboratory settings.

Second, we assumed that cyclists regularly show signs of 
impairment at BACs below 1.60 g/kg.

Third, as CUI is a criminal offense, which is why a medi-
cal examination is compulsory, the benefit of accompany-
ing medical test results for impairment evaluation should 
be scrutinised.

These hypotheses were investigated by analysing public 
prosecutor files from the entire Düsseldorf city area over a 
period of 10 years.

The project was approved by the ethics committee of the 
University of Düsseldorf (study number: 2018–147-Ret-
roDEuA), by the Ministry of the Interior of North Rhine-
Westphalia and by the public prosecutor's office Düsseldorf.

Material and methods

The period under review ranged from 2009 until 2018 
(10 years) to avoid a lack of files due to ongoing cases. 
Pandemic-associated changes in traffic behaviour were not 
present in the given study period.

All police-recorded cases of CUI were identified by the 
Düsseldorf traffic police office after consent from the Minis-
try of the Interior of North Rhine-Westphalia. File numbers 
were transmitted to the Düsseldorf public prosecutor’s office 
(N = 637), where the respective files were identified.

A total of 249 case files were not available for data extrac-
tion, which led to a total of 388 analysable files. The follow-
ing are possible reasons for the unavailability of files:

(a) Some files were in transit or had not yet been closed. 
In addition, revocation of the individual’s driver’s licence 
is often in question in cases of CUI, which would make the 
cases so-called urgent cases; this type of case could not be 
made available.

(b) The statute of limitations is 5 years, which is why 
some files had already been destroyed.

(c) In the case of defendants between the ages of 18 and 
20, it is not the place of the criminal offense but rather the 
place of the individual’s residence that determines the juris-
diction of the public prosecutor's office; this is why some 
cases registered by the police had been transferred to other 
public prosecutor's offices.

CUI cases that included the additional consumption 
of substances other than alcohol were excluded (N = 16). 
Remarkably, forensic toxicological testing was carried out 
in only 3 of the remaining 372 cases.

Data of the available files (N = 372) were extracted by 
means of an evaluation matrix, which contained the follow-
ing substantial points:

• File number
• Age and sex of the defendant
• Incident date and time
• Postal code of the defendant’s place of residence
• Postal code of the location of the incident
• BAC/BACs (in cases of alleged or possible drinking 
after cycling)
• Blood collection time
• Reason for police involvement
• Type of accident involvement
• Injury of the defendant or other involved persons
• Use of mobile phone without hands-free device
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• Running through red lights
• Cycling without lights despite poor lighting conditions
• Insobriety symptoms with respect to alcohol-typical 
driving style
• Other special features, such as the court’s decision

The most essential components of each public prosecu-
tor’s file were as follows:

• The police admission report
• Statements from the defendants and/or witnesses
• The medical report from the physician who took the 
blood sample (S1; supplementary material)
• The sheet for additional police findings from the stand-
ardised field sobriety test (so-called “Torkelbogen”)
• The report from the blood alcohol testing centre, includ-
ing the determined blood alcohol concentration
• Correspondence from the defendant’s lawyer
• The verdict or penalty order

The medical report format used in North Rhine-West-
phalia (S1; supplementary material) contains data such as 
body weight and constitution, previous illnesses and medica-
tion, blood loss and time of blood collection, which in cer-
tain cases allows for a back-calculation of the blood alcohol 
content or a better classification of the examination results. 
Furthermore, the medical tests prescribed by the document, 
which are mostly common in clinical neurological examina-
tions, are described below, some of which require the coop-
eration of the person to be examined and are not obligatory 
for the test persons:

 − Gait: The test person is asked to walk approximately 
10–15 steps straight ahead. Deviations to the side, sway-
ing and a loss of balance are assessed [13].
 − Sudden turnaround: Following walking straight ahead, 
the subject is asked to make a sudden turn on the heel, 
and the examiner assesses the safe or unsafe execution 
[14].
 − Rotary nystagmus: The test person is rotated around 
his or her own axis 5 times within 10 s and then asked 
to fixate on a fixed point in the room. When sober, the 
resulting trembling is rather fine and only lasts for a short 
time. In the case of considerable intoxication, one expects 
a longer lasting (> 6 s) and coarser tremor, which cannot 
be influenced by the test person. The examiner documents 
the length of the eye tremor in seconds, as well as the 
speed (fast/slow) and the type (coarse/fine) of the deflec-
tion [15].
 − Finger-finger test: With the eyes closed, the test person 
brings the tips of their outstretched index fingers together 
in a lunging horizontal movement. Rough deviations are 
interpreted by the examiner as unsafe executions [13].

 − Finger-nose test: The tip of the index finger of an arm 
initially stretched out to the side is to be brought in an arc 
towards the tip of the nose. Rough deviations are judged by 
the examiner as unsafe executions [13].
 − Pupils: The width of the subject's pupils is assessed under 
normal room lighting without directly illuminating the eye. 
The standard values for pupil width vary interindividually, 
depend on age, and range between 4 and 9 mm. Any incon-
spicuous, dilated or constricted pupil width is documented 
[16].
 − Pupillary response to light: The examiner illuminates 
both eyes separately from the side and observes both the 
reaction of the pupil of the illuminated eye and the pupil of 
the nonilluminated eye. Prompt, delayed, or absent pupil 
responses are evaluated [16].

The sheet for additional police findings in the standardised 
field sobriety tests (so-called “Torkelbogen”) must be regarded 
as an amendment to the medical report. The basic tests are 
similar. However, it must be kept in mind that the police are in 
contact with the defendant approximately 30 min–1.5 h before 
the examining doctor gains contact with them. As this sheet 
was only partially filled out in most cases, it was not taken into 
account in the current study.

Statistics

Mean values, medians and standard deviations were calculated 
for continuous variables.

Group comparisons were outlined by bar diagrams.
When considering continuous data, Student’s t test was used 

to test for differences in the mean between different groups, 
where a level of significance of p = 0.05 was considered.

Pearson’s correlation coefficient was calculated to measure 
the linear correlations between two variables.

To subanalyse the dataset, four age groups were defined. 
Age group 1 contained subjects below 30 years of age, age 
group 2 contained subjects from 30 to 39 years of age, age 
group 3 contained subjects from 40 to 49 years of age, and age 
group 4 contained subjects aged 50 years or more.

BACs

The blood samples of all included files were analysed at the 
Institute of Legal Medicine in Düsseldorf according to Ger-
man forensic guidelines [17].
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Results

A total of 372 cases were evaluated. The defendants were 
between 17 and 77 years old at the time of the incident 
(mean: 41.4; median: 40.5). A total of 319 defendants were 
male (mean age: 41.6), and 53 were female (mean age: 40.4).

Forensically determined BACs

The detected BACs showed a range between 1.02 and 4.18 g/
kg (S2; supplementary material); the median BAC was 
1.94 g/kg.

In 61 cases, the BAC was below the absolute limit for 
impaired riding, i.e. 1.60 g/kg. A total of 311 cases were 
above or exactly at this value.

Gender‑specific differences in the BACs

The BACs of male and female subjects did not differ sig-
nificantly from each other (p = 0.09; Fig. 1), even though 
median and average BACs were slightly higher in men than 
in women (men: mean BAC 2.04 g/kg, median BAC 1.96 g/
kg; women: mean BAC 1.92 g/kg, median BAC 1.88 g/kg).

Age‑specific differences in the BACs

The median and average BACs of the subjects under 
30 years of age (N = 77) were significantly lower than those 
of the subjects from 30–39 years of age (N = 100; p < 0.01) 
and those of the subjects from 40–49 years of age (N = 97; 
p = 0.01); they were also lower than those of the subjects 

who were 50  years old or older (N = 98), although not 
significantly.

Weekday‑specific differences in the BACs

Most cases (N = 223) were recorded from Friday until Sun-
day (the “weekend”, Friday N = 70, Saturday N = 73, Sun-
day N = 80), and 149 cases were recorded from Monday 
until Thursday (the “work week”; Monday N = 30, Tuesday 
N = 34, Wednesday N = 41, Thursday N = 44). A significant 
difference in the BAC levels between the “weekend” and 
the “work week” could not be determined (p = 0.43; Fig. 2).

Daytime‑specific differences in the BACs

When considering the subgroups of daytime (06:00–17:59; 
N = 65), early evening (18:00–21:59; N = 95), late even-
ing (22:00–00:59; N = 99), and night-time (01:00–05:59; 
N = 113), BACs were significantly higher during the day 
(mean BAC 2.25  g/kg; median BAC 2.19  g/kg; range 
between 1.17 and 4.18 g/kg) than at night (mean BAC 
1.86 g/kg; median BAC 1.81 g/kg; range between 1.31 and 
2.80 g/kg) (p < 0.01).

Drinking after cycling allegations

In only 14 cases, two blood samples were taken at different 
times, as drinking after cycling could not be ruled out. In 
9 of these 14 cases, the second blood sample was ordered 
because the defendant had been unobserved between the 
alleged offense and the arrival of the police. In two of the 
14 cases, the defendant had no recollection of whether he 
or she might have consumed alcoholic beverages after the 

Fig. 1   BAC comparison of 
males (N = 319) and females 
(N = 53; y-axis). The boxes con-
tain 50% of the observations, 
the line inside the box indicates 
the respective median, the red 
crosses indicate average values 
and the satellites and respec-
tive outliers indicate 25% of the 
tested observations
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alleged offense. In one of these two cases, a BAC of 3.08 g/
kg was recorded in the first blood sample, and a BAC of 
2.94 g/kg was recorded in the second blood sample. The 
time interval between the incident time and the first blood 
draw was 89 min. In the other case in which the defendant 
was unsure whether he or she had consumed further alcohol 
after the incident, a BAC of 2.30 g/kg was recorded in the 
first blood sample, and a BAC of 2.18 g/kg was recorded 
in the second blood sample. There was a span of 13 min 
between the incident and the first blood draw. In 1 of the 14 
cases, the defendant drank from a plastic bottle in the patrol 
car on the way to the police doctor, and it could not be deter-
mined with certainty whether it was an alcoholic drink. In 
the 2 missing cases, the reasons for the second blood sample 
are not evident from the files.

In none of the 14 cases did the defendants claim to have 
been drinking after cycling, and in no case was the BAC of 
the second blood sample higher than that of the first blood 
sample.

Reasons for police control

A total of 128 suspects came to the direct attention of the 
police, while in 15 cases, emergency services informed the 
police and in 9 cases, the public order office (“Ordnung-
samt”) informed the police. Witnesses alerted the police in 
126 cases. The process of police involvement was not speci-
fied in 94 cases.

In 133 cases, the cyclist’s conspicuous driving led to the 
immediate or delayed involvement of the police; in 78 cases, 
the cyclist was involved in a single accident, and in 110 
cases, a traffic accident with another traffic participant was 

the reason for police involvement. The reason why police 
were involved was not specified in 51 cases.

Driving conspicuities and traffic violations

A total of 104 cyclists were riding in a serpentine manner. 
Another 11 cyclists rode against the prescribed direction 
of travel, and 48 rode on the sidewalk without permission. 
The prohibited use of a mobile phone without a hands-free 
device was documented in 4 case files. There were 35 red 
light violations and 50 cases of driving without bike lights 
despite poor visibility. In cases where a red light was run, 
the BACs were significantly lower than those in cases where 
no red light violation was noted (p = 0.04). In cases of riding 
without lights despite poor light conditions, the BACs were 
significantly lower than those in cases where this issue was 
not noticed (p = 0.03).

Conspicuities of the defendants during the medical 
examinations (carried out by a police physician)

• Blood sampling and examining physicians
A medical report written by the physician who took the 
blood sample is available for 292 cases. At least 43 differ-
ent physicians issued these medical reports. In addition, 
there were 33 medical reports that were neither stamped 
nor legibly signed. Six physicians conducted over 20 
blood draws. Six other physicians performed between 6 
and 16 blood draws. The remaining 31 distinguishable 
physicians each performed one or two blood draws.
• Gait
Eighty-four persons showed a safe gait pattern and 135 
persons showed an unsafe (dragging; swaying; stagger-

Fig. 2   Comparison of defend-
ants’ BACs (y-axis) during the 
“work week” (Monday–Thurs-
day; N = 149) and the “week-
end” (Friday–Sunday; N = 223)
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ing) gait pattern. This item was not specified for 153 per-
sons.
The test of making a sudden turn after previously walk-
ing in a straight line was also only partially carried out 
by the subjects. It was performed safely by 56 persons 
and unsafely by 57 persons. It was not documented in 
259 subjects.
An unsafe gait was seen at BACs of 1.02 g/kg or more. In 
an isolated case, a safe gait was seen at a BAC of 2.95 g/
kg (S3; supplementary material). The BACs of persons 
with unsafe gaits were significantly higher than those of 
persons with safe gaits (p < 0.01) (S3; supplementary 
material). The BACs of subjects who conducted an 
unsafe turnaround were significantly higher than those of 
subjects who conducted a safe turnaround after previously 
walking in a straight line (p = 0.04; S4; supplementary 
material).
• Speech
Clear speech was documented in 96 defendants, and 
slurred speech (to varying degrees) was documented in 
170 defendants (not specified in 106 subjects). Slurred 
speech was seen in some cases starting from a BAC of 
1.02 g/kg. Clear speech was seen in some cases up to a 
BAC of 4.18 g/kg. The median BAC was significantly 
higher for those with slurred speech than for those with 
clear speech (p < 0.01) (S5; supplementary material).
• Finger coordination tests
The so-called finger-finger test was performed safely by 
72 persons and unsafely by 76 persons (S6; supplemen-
tary material). It was not specified in 224 subjects. The 
BACs of subjects with safe and unsafe finger-to-finger 
tests did not differ significantly from each other (p = 0.09).
The finger-nose test was performed safely by 90 subjects 
and unsafely by 55 subjects (S7; supplementary mate-
rial). It was not specified in 227 subjects. Thereby, the 

defendants’ BACs were significantly higher if unsafe 
finger-nose tests were evident (p < 0.01).
• Consciousness
Full consciousness was noted in 193 subjects, while in 
73 subjects, documentation showed dazed and/or con-
fused consciousness (S8; supplementary material). 
Consciousness was not specified in 106 cases. The BACs 
of subjects with nonclear consciousness (mean = 2.18, 
median = 2.12, SD = 0.49) were significantly (p < 0.01) 
higher than those of subjects with clear consciousness 
(mean = 1.97 median = 1.88, SD = 0.52).
• External appearance under the influence of alcohol
There was no external appearance of being under the 
influence of alcohol in 5 defendants. Forty-five defend-
ants appeared slightly under the influence of alcohol, 164 
appeared markedly, and 46 appeared either heavily or 
very heavily under the influence of alcohol. Twenty-four 
defendants appeared influenced by alcohol without any 
further classification of markedness (Fig. 3). This item 
was not specified in 88 subjects. There were significant 
differences of the BACs in persons with different exter-
nal appearances of being under the influence of alcohol 
(p < 0.01; one-way ANOVA). The BAC of persons with 
slight external appearance of being under the influence of 
alcohol was significantly lower than those with markedly 
or heavily alcohol-intoxicated appearance.
There were no significant differences between males and 
females (p = 0.12) regarding the external appearance of 
being under the influence of alcohol.

• Abnormalities of the eyes
The pupil size of 154 subjects appeared inconspicuous. 
Six subjects had conspicuously constricted pupils, and 99 
subjects had dilated pupils (S9; supplementary mate-
rial). This finding was not specified in 113 subjects. The 

Fig. 3   Comparison of defend-
ants’ BACs (y-axis) with the 
external appearance of being 
under the influence of alcohol 
(“slightly influenced”/N = 45, 
“influenced”/N = 24, “markedly 
influenced”/N = 164, “heavily 
influenced”/N = 46)
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pupillary response to light was prompt in 106 subjects, 
delayed in 114 subjects, and absent in 12 subjects. This 
finding was not specified in 140 subjects.
Subjects with an inconspicuous pupil size had signifi-
cantly higher BACs compared with subjects with dilated 
pupils (p = 0.04).
The BACs of subjects with a prompt pupil response 
(mean = 2.03; median = 1.92) were not significantly dif-
ferent from the BACs of subjects with a delayed pupil 
response (mean = 2.01; median = 1.93) (p = 0.90). The 
subgroup of those without a pupil response was too small 
for separate consideration (N = 12) (S10; supplementary 
material).
• Testing of the rotary nystagmus
Coarse-beat rotary nystagmus was seen in 19 subjects, 
and fine-beat rotary nystagmus was seen in 63 subjects. 
In 7 further cases, both coarse-beat and fine-beat rotary 
nystagmus were documented at the same time. This item 
was not documented in 283 cases.
The speed of deflection was reported as being slow in 9 
cases and fast in 67 cases and was not reported in 296 
cases.
In 83 of the 372 cases, the duration of (any) rotary nys-
tagmus was measured as ranging from 5 to 39 s, and the 
correlation to the BAC was poor (Pearson’s correlation 
coefficient: 0.28, p: 0.01). The measured duration of (any) 
rotary nystagmus was significantly lower in subjects with 
a (slight) outward appearance of being under the influence 
of alcohol than in subjects with a marked outward appear-
ance of being under the influence of alcohol (p = 0.02).

Legal outcomes

A total of 282 cases resulted in fines or penalties ranging 
between 15 and 120 day-fines (“Tagessatz”, a fine calculated 
on the daily rate of income) (mean: 33 day-fines, median: 

30 day-fines) between 5 and 100 € (mean: 30 €, median: 30 
€). Five proceedings resulted in a custodial sentence due to 
relevant and/or multiple previous convictions, 4 of which 
were suspended for probation. Seventy-seven proceedings 
were discontinued, 11 of which were discontinued due to the 
unknown whereabouts of the defendant, 8 were discontinued 
because penalties in other proceedings against the defendant 
prevailed, and 36 proceedings were discontinued after one-
time payments were made to the state treasury or a charitable 
institution. After the death of one defendant and after the 
deportation of another defendant to his home country, each 
of these proceedings was discontinued. In 20 further cases, 
the reason for discontinuation was not reported. In 8 files, 
the legal outcome was not reported. In the cases that resulted 
in fines/penalties, the level of BAC had a significant impact 
on the number of day-fines (r = 0.20; p < 0.01; Fig. 4).

Correlation between the reason for the control 
and the amount of penalty

When considering the reason for police control, traffic acci-
dents led to significantly higher numbers of day fines than 
did cases with unsafe (conspicuous) cycling alone (p < 0.01). 
The number of day fines between traffic accidents with other 
traffic participants and single bicycle accidents (as a reason 
for control) did not differ significantly (p = 0.13) nor did the 
differences between single accidents and cases of unsafe 
conspicuous cycling (p = 0.84).

Separate consideration of the cases of relative 
driving unsafety

Sixty-one cases were seen with BACs below the current 
limit of absolute impaired driving in Germany of 1.60 g/kg 

Fig. 4   Correlation between 
BACs (x-axis) and day fines 
(y-axis)
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(mean: 1.41 g/kg; median: 1.45 g/kg). Among them were 9 
(14.8%) female and 52 (85.2%) male defendants.

Most of the cases with BACs below 1.60  g/kg were 
recorded from Friday until Sunday (N = 37; 60.7% vs. 59.8% 
in cases ≥ 1.60 g/kg). A significant difference in the BAC 
levels between the “weekend” and the “work week” could 
not be determined (p = 0.35 vs. p = 0.46 in cases ≥ 1.60 g/
kg; Fig. 5a and b).

There were 7 single accidents (11.5% vs. 22.8% in 
cases ≥ 1.60 g/kg), 27 traffic accidents (44.3% vs. 26.7% in 
cases ≥ 1.60 g/kg), 26 cases of conspicuous cycling (42.6% 

vs. 34.1% in cases ≥ 1.60 g/kg) as cause for police control 
and one file without a reported type of incident (1.6% vs. 
16.4% in cases ≥ 1.60 g/kg). In 19 of the 26 cases of conspic-
uous cycling (73.1% vs. 66% in cases ≥ 1.60 g/kg), cycling in 
a serpentine manner was the reason for police intervention.

In subjects with a BAC below 1.60 g/kg, there was no 
external appearance of being under the influence of alco-
hol in 2 (3.3% vs. 1% in cases ≥ 1.60 g/kg) defendants. 
Ten (16.4% vs. 11.3% in cases ≥ 1.60  g/kg) defendants 
appeared slightly alcohol-intoxicated, 23 (37.7% vs. 45% in 
cases ≥ 1.60 g/kg) appeared markedly alcohol-intoxicated, 

Fig. 5   a. Comparison of BACs 
(y-axis) in defendants with 
BACs below 1.60 g/kg during 
the “work week” (Monday–
Thursday; N = 24) and the 
“weekend” (Friday–Sunday; 
N = 37). b. Comparison of 
BACs (y-axis) in defendants 
with BACs of at least 1.60 g/kg 
during the “work week” (Mon-
day–Thursday; N = 125) and the 
“weekend” (Friday–Sunday; 
N = 186)
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and 5 (8.2% vs. 13.2% in cases ≥ 1.60 g/kg) appeared heav-
ily or very heavily under the influence of alcohol. In three 
cases (4.9% vs. 6.8% in cases ≥ 1.60 g/kg), the defendants 
appeared alcohol-intoxicated but there was no further clas-
sification of markedness available. In subjects with a BAC 
below 1.60 g/kg, the level of markedness was not specified 
in 18 (29.5% vs. 22.8% in cases ≥ 1.60 g/kg) cases (Fig. 6a 
and b).

Among the 61 cases with a BAC below 1.60 g/kg, there 
were 39 proceedings that ended in fines/penalties. In 9 of 
the 39 cases, the penalty orders/judgements were based on 
findings from the police doctors, in addition to the BAC and 
cycling incidents. In 30 cases, the fines/penalties were based 
on police findings or witness statements. Eighteen proceed-
ings were discontinued, 10 of which were discontinued after 
a one-time payment was made to the state treasury or a non-
profit institution, and 4 of which were discontinued because 
the individual’s level of culpability was considered to be low. 
The reason for the discontinuation of the remaining 4 cases 

was not specified. In 4 of the 61 cases with a BAC below 
1.60 g/kg, the result of the proceedings was not reported.

Discussion

The method chosen for the current work was a retrospective 
analysis of prosecutorial files (real life cases) that aimed to 
expand the views of injury-focussed case–control studies 
[18–20] and laboratory cycling test findings [7–9, 21, 22]. 
Case–control studies in this area typically consider injured 
cyclists or those involved in alcohol-related accidents but 
not those cyclists with conspicuous alcohol-typical cycling.

Typical drunk cyclists are often said to be young 
male adults, which was confirmed herein (319 males, 53 
females). The determined BACs were almost equally dis-
tributed between the sexes. Even though differences were 
not statistically significant, men showed slightly higher 
BACs than women in real-life situations (men: mean BAC 

Fig. 6   a. Comparison of BACs 
(y-axis) in defendants with 
BACs below 1.60 g/kg with the 
external appearance of being 
under the influence of alcohol 
(“slightly alcoholised”/N = 10, 
“alcoholised”/N = 3, “markedly 
alcoholised”/N = 23, “heav-
ily alcoholised”/N = 5). b. 
Comparison of BACs (y-axis) 
in defendants with BACs of 
at least 1.60 g/kg with the 
external appearance of being 
under the influence of alcohol 
(“slightly alcoholised”/N = 35, 
“alcoholised”/N = 21, “markedly 
alcoholised”/N = 141, “heavily 
alcoholised”/N = 41)
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2.04 g/kg, median BAC 1.96 g/kg; women: mean BAC 
1.92 g/kg, median BAC 1.88 g/kg), which is in line with the 
results of laboratory tests [21]. The average BAC at night 
(01:00–05:59) was 0.39 g/kg lower than that during the day 
(06:00–17:59). Only the subgroup below 30 years of age 
showed slightly lower BACs on average.

Almost 60% of the cases were recorded between Friday 
and Sunday (the “weekend”). Contrary to what one might 
expect, the BACs of the weekend cases did not differ signifi-
cantly from those that occurred between Monday and Thurs-
day. It seems that cyclists who are not severely impaired are 
only prosecuted if egregious traffic behaviour is evident (e.g. 
running red lights).

Drinking and cycling habits, cyclable distances and per-
missive attitudes are said to increase the probability of CUI 
[23]. Permissive attitudes were confirmed herein.

Surprisingly, drinking after cycling allegations, which are 
common among car drivers [24, 25], appear almost irrel-
evant among (German) cyclists. One reason for this could 
be the fact that a high number (N = 137) of defendants were 
road-side tested by the police or stopped by the public order 
office and thus were not unobserved at any time. For the 
remaining subjects, the presumably lower level of awareness 
of the impending penalties might be an explanation [23]. 
Furthermore, it can be hypothesised that some defendants do 
not fear the suspension of their driver’s licence because they 
mainly ride a bicycle anyway and/or do not have a driver’s 
licence. The judicial prohibition of riding a bicycle exists 
only very sporadically in Germany. The examined cyclists 
rarely took advantage of legal advice; thus, one could only 
speculate if legal advice leads to more hipflask defences.

The legal outcome on average was 33 daily rates (median: 
30). The height of the daily rates was 30 € on average 
(median 30 €), which indicates an available average income 
of 900 € per month among the examined drunk cyclists. In 
general, the penalties increased with increasing BAC levels 
and the consequences of the driving behaviour.

The files also presented interesting insights into the 
results and performance of the accompanying medical tests. 
Evaluations should scrutinise the benefits of the accompa-
nying medical test results for the interpretation of impaired 
cycling. However, the results are somewhat confounding and 
partially contradictory. When looking at the results of these 
medical tests, it generally has to be kept in mind that the 
identification of intoxication can be difficult for laypeople 
[26] and for experts [27]. Nevertheless, the examining phy-
sician is usually informed about preliminary breath alcohol 
results if they were performed (successfully).

In fact, all coordinative tests are based upon the cooper-
ation of the defendant (finger-finger-test, finger-nose-test, 
gait, sudden turnaround after walking). Most of the tests 
examined herein showed only slightly more distinctive 

features at higher BACs, and some were hardly distinc-
tive at all. For example, in the examination of gait, all the 
tests were conspicuous only at a blood alcohol concen-
tration of more than 2.95 g/kg. When examining speech, 
it was noticeable that in the two cases with the highest 
BACs (3.88 g/kg and 4.18 g/kg), a clear pronunciation 
was documented. Similar results were obtained for finger-
finger tests, finger-nose tests, and sudden turnaround after 
walking tests, where only very high BACs (above approx. 
3 g/kg) led to insecure results in almost all cases.

Even though these coordinative tests are necessary to 
identify alcohol-related impairments, the presented data 
raise doubts about whether the medical tests or the ways 
in which they are carried out reliably discriminate between 
different grades of intoxication. Negative tests did not 
exclude high BACs, nor did positive tests correlate well 
with the BAC.

Non-coordinative medical tests, such as the coarse-beat 
rotary nystagmus, were also not able to clearly identify 
intoxicated persons. Even though the rotary nystagmus 
test has been shown to be a reliable test for examining 
intoxicated persons [28] with a sensitivity of 0.72 and a 
specificity of 0.78, this reliability could not be confirmed. 
We can only assume that this test was not carried out in 
the prescribed way in all cases.

Therefore, it must be pointed out that a synoptic evalu-
ation of possibly riding a bicycle while impaired is inevi-
table. The manner in which the bike is ridden is crucial, 
as most of the medical tests—that are carried out with 
delay—do not always reliably indicate the grade of the 
influence of alcohol.

It is remarkable that only 61 of 372 subjects showed 
accusable BACs below 1.60 g/kg. This finding contradicts 
the first and second hypotheses that cyclists regularly show 
signs of impairment at BACs below 1.60 g/kg in real traffic 
situations. One possible explanation might be that cycling 
is a simple routine task that can be carried out safely even 
at higher BACs as long as no challenging situations occur. 
Another possible explanation might be that blood sam-
ples were obtained only if cyclists without noticeable driv-
ing impairments or accidents gave the police a reason to 
believe that they were severely influenced by alcohol. In 
addition to a noticeable smell of alcohol, this situation 
might have arisen especially in those cases where a pre-
liminary breath test result indicated the equivalent of a 
BAC of significantly over 1 g/kg.

Furthermore, it cannot be excluded that some defend-
ants were also under the influence of substances other 
than alcohol, as forensic toxicological testing was only 
carried out in 3 of 372 cases. Nevertheless, the influence 
of another substance other than alcohol should only lead 
to more impaired cyclists.
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Conclusions

In practice, CUI is seen at BACs above 1.60 g/kg in most 
cases. BACs below 1.60 g/kg either seem to be a minor prob-
lem or they have been incompletely addressed thus far.

In summary, in order to be prosecuted, drunk cyclists 
have to regularly ride their bikes in either a highly insecure 
or rude manner or they must cause an accident.

Finally, the results from standardised field sobriety tests 
must be interpreted synoptically.

Limitations

The proportion of drunk cyclists who were not recorded 
by the police are not represented herein, which means 
that this proportion of the population cannot be addressed 
scientifically.

It was also not possible to analyse sober cyclists who 
cycled conspicuously and unsafely even though they were 
not intoxicated.

Selection bias due to the control behaviour of the police 
cannot be ruled out, e.g. with the BAC determination of 
severely impaired cyclists mainly. Furthermore, differ-
ent control criteria being used at different times could be 
possible, e.g. due to certain checkpoint locations or time 
slots, the individual characteristics of the police officers in 
charge or the external appearance of the cyclists.

In only 3 of 372 cases, forensic toxicological testing 
was carried out. Therefore, it cannot be ruled out that some 
defendants were under the influence of substances other 
than alcohol.

Finally, 249 of 637 files were not available; reasons 
for this lack of availability included urgent cases, cases 
of defendants between 18 and 20 years of age who do not 
live in Düsseldorf and closed files that had exceeded the 
statute of limitations, all of which could not be considered 
in the current study.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00414-​022-​02828-8.

Acknowledgements  We are grateful to the Ministry of the Interior of 
North Rhine-Westphalia and to OStA Kessel from the public prosecu-
tor's office Düsseldorf for their support of the project.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Research involving human participants and/or animals  This retrospec-
tive research complies with the current German laws. The study pro-

tocol was approved by the ethics committee of the University Hospital 
Düsseldorf. The Ministry of the Interior of North Rhine-Westphalia 
approved this project.

Informed consent  Not applicable.

Conflict of interest  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Vissers L, Houwing S, Wegman F (2017) Alcohol-related road 
casualties in official crash statistics. International Traffic Safety 
Data and Analysis Group IRTAD Research Report. https://​www.​
itf-​oecd.​org/​sites/​defau​lt/​files/​docs/​alcoh​ol-​relat​ed-​road-​casua​
lties-​offic​ial-​crash-​stati​stics.​pdf. Accessed on 9 December 2021

	 2.	 Statistisches Bundesamt (2019) Unfälle unter dem Einfluss von 
Alkohol oder anderen berauschenden Mitteln im Straßenverkehr 
2018. https://​www.​desta​tis.​de/​DE/​Themen/​Gesel​lscha​ft-​Umwelt/​
Verke​hrsun​faelle/​Publi​katio​nen/​Downl​oads-​Verke​hrsun​faelle/​
unfae​lle-​alkoh​ol-​54624​04187​004.​pdf?__​blob=​publi​catio​nFile. 
Accessed on 6 December 2021

	 3.	 Harada MY, Gangi A, Ko A, Liou DZ, Barmparas G, Li T, Hotz 
H, Stewart D, Ley EJ (2015) Bicycle trauma and alcohol intoxica-
tion. Int J Surg 24:14–19

	 4.	 Evgenikos P, Yannis G, Folla K, Bauer R, Machata K, Brandstaet-
ter C (2016) How safe are cyclists on European roads? Trans Res 
Procedia 14:2372–2381

	 5.	 European Commission, Mobility and Transport, Road Safety. 
https://​ec.​europa.​eu/​trans​port/​road_​safety/​speci​alist/​knowl​edge/​
alcoh​ol/​preva​lence_​amp_​rate_​of_​alcoh​ol_​consu​mption/​the_​
legal_​limit_​en. Accessed on 2 June 2021

	 6.	 German criminal code (Strafgesetzbuch), §316. www.​geset​ze-​im-​
inter​net.​de/​engli​sch_​stgb/. Accessed on 28 November 2021

	 7.	 Schewe G, Schuster R, Englert L, Ludwig O, Stertmann WA 
(1980) Experimental studies on the question of alcohol-induced 
lack of driving ability of bicycle and motor-bike riders. Blutalko-
hol 17:298–328

	 8.	 Schewe G, Knöss H, Ludwig O, Schäufele A, Schuster R (1984) 
Experimental studies on the question of the threshold value of 
alcohol-induced loss of ability in bicycle riding. Blutalkohol 
21:97–109

	 9.	 Hartung B, Mindiashvili N, Maatz R, Schwender H, Roth EH, 
Ritz-Timme S, Moody J, Malczyk A, Daldrup T (2015) Regarding 
the fitness to ride a bicycle under the acute influence of alcohol. 
Int J Legal Med 129:471–480

	10.	 Landeshauptstadt Düsseldorf - Amt für Statistik und Wahlen, 
Statistische Daten Düsseldorf (2019) https://​www.​duess​eldorf.​
de/​filea​dmin/​Amt12/​stati​stik/​stadt​forsc​hung/​downl​oad/​05_​bevoe​
lkeru​ng/​SD_​2019_​Kap_5.​pdf. Accessed on 9 December 2021

1131International Journal of Legal Medicine (2022) 136:1121–1132

https://doi.org/10.1007/s00414-022-02828-8
http://creativecommons.org/licenses/by/4.0/
https://www.itf-oecd.org/sites/default/files/docs/alcohol-related-road-casualties-official-crash-statistics.pdf
https://www.itf-oecd.org/sites/default/files/docs/alcohol-related-road-casualties-official-crash-statistics.pdf
https://www.itf-oecd.org/sites/default/files/docs/alcohol-related-road-casualties-official-crash-statistics.pdf
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/unfaelle-alkohol-5462404187004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/unfaelle-alkohol-5462404187004.pdf?__blob=publicationFile
https://www.destatis.de/DE/Themen/Gesellschaft-Umwelt/Verkehrsunfaelle/Publikationen/Downloads-Verkehrsunfaelle/unfaelle-alkohol-5462404187004.pdf?__blob=publicationFile
https://ec.europa.eu/transport/road_safety/specialist/knowledge/alcohol/prevalence_amp_rate_of_alcohol_consumption/the_legal_limit_en
https://ec.europa.eu/transport/road_safety/specialist/knowledge/alcohol/prevalence_amp_rate_of_alcohol_consumption/the_legal_limit_en
https://ec.europa.eu/transport/road_safety/specialist/knowledge/alcohol/prevalence_amp_rate_of_alcohol_consumption/the_legal_limit_en
http://www.gesetze-im-internet.de/englisch_stgb/
http://www.gesetze-im-internet.de/englisch_stgb/
https://www.duesseldorf.de/fileadmin/Amt12/statistik/stadtforschung/download/05_bevoelkerung/SD_2019_Kap_5.pdf
https://www.duesseldorf.de/fileadmin/Amt12/statistik/stadtforschung/download/05_bevoelkerung/SD_2019_Kap_5.pdf
https://www.duesseldorf.de/fileadmin/Amt12/statistik/stadtforschung/download/05_bevoelkerung/SD_2019_Kap_5.pdf


1 3

	11.	 Landeshauptstadt Düsseldorf - Amt für Statistik und Wahlen, 
Demografie-Monitoring Düsseldorf 2013 bis 2018 (2019). 
https://​www.​duess​eldorf.​de/​filea​dmin/​Amt13/​press​eanha​ng/​1903/​
190307_​Demog​rafie-​Monit​oring_​2013_​bis_​2018.​pdf. Accessed 
on 9 December 2021

	12.	 Gerike R, Hubrich S, Ließke F, Wittig S, Wittwer R (2019) Mobil-
itätssteckbrief für Düsseldorf 2018. Technical University Dresden, 
Research project

	13.	 Gleixner C, Müller MJ, Wirth SB (2013) Neurologie und Psychi-
atrie für Studium und Praxis: 2013/14; unter Berücksichtigung 
des Gegenstandskataloges und der mündlichen Examina in den 
Ärztlichen Prüfungen. Medizinische Vlgs-u. Inform.-Dienste

	14.	 Institut für Rechtsmedizin, Kantonsspital St.Gallen, Merkblatt 
für das Arztprotokoll „Verdacht auf Betäubungsmittel-, Arznei-
mittel- und Alkoholkonsum“. https://​www.​kssg.​ch/​system/​files/​
media_​docum​ent/​2017-​08/​Merkb​latt%​20FuD.​pdf. Accessed on 
6 December 2021

	15.	 Forster B, Althoff H (1986) Praxis der Rechtsmedizin für 
Mediziner und Juristen. G. Thieme; CH Beck

	16.	 Urban PP, Gerber C, Thömke F (2012) Klinisch-neurologische 
Untersuchungstechniken. Thieme Stuttgart

	17.	 Aderjan R, Daldrup T, Käferstein H, Krause D, Mußhoff F, Paul 
LD, Peters F, Rochholz G, Schmitt G, Skopp G (2011) Richtlinien 
zur Bestimmung der Blutalkoholkonzentration (BAK) für foren-
sische Zwecke. Blutalkohol 48:137–143

	18.	 Li G, Baker SP, Smialek JE, Soderstrom CA (2001) Use of alcohol 
as a risk factor for bicycling injury. JAMA 285:893–896

	19.	 Verster JC, van Herwijnen J, Volkerts ER, Olivier B (2009) Nonfa-
tal bicycle accident risk after an evening of alcohol consumption. 
Open Addict J 2:1–5

	20.	 Olkkonen S, Honkanen R (1990) The role of alcohol in nonfatal 
bicycle injuries. Accid Anal Prev 22:89–96

	21.	 Hartung B, Ritz-Timme S, Schwender H, Mindiashvili N, Daldrup 
T (2015) Differences between male and female cyclists’ perfor-
mances under the acute influence of alcohol. Int J Legal Med 
129:1011–1020

	22.	 Hartung B, Schwender H, Mindiashvili N, Ritz-Timme S, Mal-
czyk A, Daldrup T (2015) The effect of alcohol hangover on the 
ability to ride a bicycle. Int J Legal Med 129:751–758

	23.	 Vestgård MU, Pokorny P, Svaboe GBA, Tørset T (2021) Cycling 
under the influence of alcohol–Attitudes and perceptions of Nor-
wegian cyclists. Travel Behav Soc 23:134–142

	24.	 Kronstrand C, Nilsson G, Chermà MD, Ahlner J, Kugelberg FC, 
Kronstrand R (2019) Evaluating the hip-flask defence in subjects 
with alcohol on board: An experimental study. Forensic Sci Int 
294:189–195

	25.	 Jones AW (1991) Top ten defence challenges among drinking 
drivers in Sweden. Med Sci Law 31:229–238

	26.	 Brick J, Carpenter JA (2001) The identification of alcohol intoxi-
cation by police. Alcoholism Clinical and Experimental Research 
25:850–5

	27.	 Sjögren H, Björnstig U, Eriksson A (1997) Comparison between 
blood analysis and police assessment of drug and alcohol use by 
injured drivers. Scand J Soc Med 25:217–223

	28.	 Karlovšek MZ, Balažic J (2005) Evaluation of the post-rotational 
nystagmus test (PRN) in determining alcohol intoxication. J Anal 
Toxicol 29:390–393

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1132 International Journal of Legal Medicine (2022) 136:1121–1132

https://www.duesseldorf.de/fileadmin/Amt13/presseanhang/1903/190307_Demografie-Monitoring_2013_bis_2018.pdf
https://www.duesseldorf.de/fileadmin/Amt13/presseanhang/1903/190307_Demografie-Monitoring_2013_bis_2018.pdf
https://www.kssg.ch/system/files/media_document/2017-08/Merkblatt%20FuD.pdf
https://www.kssg.ch/system/files/media_document/2017-08/Merkblatt%20FuD.pdf

	Cycling under the influence of alcohol-criminal offenses in a German metropolis
	Abstract
	Introduction 
	Material and methods 
	Results 
	DiscussionConclusion 

	Introduction
	Material and methods
	Statistics
	BACs

	Results
	Forensically determined BACs
	Gender-specific differences in the BACs
	Age-specific differences in the BACs
	Weekday-specific differences in the BACs
	Daytime-specific differences in the BACs
	Drinking after cycling allegations
	Reasons for police control
	Driving conspicuities and traffic violations
	Conspicuities of the defendants during the medical examinations (carried out by a police physician)
	Legal outcomes
	Correlation between the reason for the control and the amount of penalty
	Separate consideration of the cases of relative driving unsafety

	Discussion
	Conclusions
	Limitations
	Acknowledgements 
	References


