
Introduction

Work-related accidents include two types of accidents:
commuting accidents and accidents occurring during the
course of work.  Commuting accidents are defined as acci-
dents happening on the route between the worker’s resi-
dence and the work site as well as well as on the route
from the work site to the residence.  In Germany, employ-
ees injured in commuting accidents are indemnified by
the employer’s liability insurance association in a com-
parable manner as with other work-related injuries.
Accidents that lead to work inability of more than 3 d or
even cause death are registered at the appropriate
Accident Prevention and Insurance Association covered

by the employer.  These events are listed as reportable
accidents in the relevant German accident statistics.
Commuting accidents constitute large expenses for insur-
ance companies.  This is mainly due to their increasing
number and the resulting claim payments.  Because of
wage continuation in the case of illness as well as direct
and indirect costs related to accident injuries these costs
cause a significant burden for the industry.  Not only the
proportion of commuting accidents related to the total
number of accidents, but also the amount of new accident
benefits underline the relevance of commuting accidents
for the health of employees and the financial burden.
According to the annual report of the DGU1) (German
employer’s liability insurance association) 167,067
reportable commuting accidents took place in Germany in
the year 2007, and 6,170 accident benefits were paid.  

The consequences of these work-related accidents for
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the persons involved as well as for the economy must be
considered crucial2).  A wealth of empirical studies on
different contextual risk factors for commuting accidents
is currently available, and some of these studies need to
be mentioned within this context.  Some authors found
that young people in particular have a higher risk to be
involved in commuting accidents compared with older
people, with this increased risk reaching statistical sig-
nificance when these young employees are under 25 yr
of age3, 4).  With respect to gender as a potential risk fac-
tor regarding commuting accidents the data of Salminen5)

indicated that women had a 1.4 times higher frequency
of commuting accidents compared to men.  Commuting
accidents take place more frequently under environmen-
tal conditions of darkness, snow and rain, in particular in
winter time6).  Harrison et al.7) showed within their analy-
sis of 1,544 lethal work and commuting accidents between
1982 and 1984 in Australia that most of the lethal com-
muting accidents happened in the early morning and late
evening hours.  Concentrating on the means of trans-
portation most of the studies agree that motorcyclists and
pedestrians have a higher risk for commuting accidents
with severe and often lethal consequences than any other
mean of transportation8).

However, only few authors have focused on sociode-
mographic risk factors in combination with occupational
risk factors related to commuting accidents.  There is also
a lack of studies which draw attention to the consequences
of these accidents in terms of work inability.  The pre-
sent work presents data related to the frequency of com-
muting accidents in a German chemical company con-
centrating on specific risk factors and on the duration of
work inability as a major consequence of these accidents.

Subjects and Methods

The analysed data included all casualties of commut-
ing accidents within a major chemical company in
Germany between 1990 and 2003.  The following vari-
ables associated with the registered commuting accidents
were examined:

1. Socio demographic data: age; gender.
2. Occupational data: working-time model (day work,

rotating shift work, part-time); professional position
(blue-collar worker, white-collar employee, appren-
tice)

3. Accident specific data: time, day and month of
occurrence, direction of the route (route to work,
route from work site to employee’s residence);
means of transportation (pedestrian, bicycle, car,
motorcycle, public transportation).

4. Duration of work inability

With respect to the mentioned variables concerning age,
gender and occupation, the data of the accident sample
was analysed with respect to the company’s workforce as
the reference population.  The comparison with this ref-
erence population permitted us to determine groups with
a high accident risk.  Rates of accident frequency are pre-
sented as accidents per year and per 1,000 employees.
Accident rates and the absolute frequency are presented
in cross-classified tables.

Variables were explored concerning their influence on
the duration of work inability in a multivariate cumula-
tive logistic regression model9).  The response variable
was the duration of work inability as indexed by cate-
gories (0, 1–3, 4–14, 15–28, and 29 or more days).
Multivariate adjusted as well as crude Odds Ratios and
their 95% confidence intervals are presented as risk esti-
mates.  All variables described above were regarded as
potential confounders and were analysed within the
model.  In addition, potential interactions between age and
gender, working-time model and age, means of transport
and age, means of transport and gender, means of trans-
port and time of day, and the direction of route and time
of day were added to the model after backward selection
(level of significance was set and kept at p<0.05).  The
data were analysed by using SAS software.

Results

Over the time period between 1990 and 2003, 5,484
commuting accidents were registered by the company.
Table 1 illustrates the rates of commuting accidents per
1,000 employees by year of accident in the chemical com-
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Table 1.   Rates of commuting accidents by year of incidence

Rate per 1,000 employees/insurants per year

yr Chemical company
Insurance association of 

chemical industry

1990 6.1 5.9

1991 5.2 6.1

1992 4.3 5.9

1993 4.4 5.8

1994 4.0 5.9

1995 4.4 5.5

1996 4.4 5.8

1997 4.5 5.9

1998 4.2 5.5

1999 4.1 5.6

2000 4.1 5.8

2001 3.9 5.8

2002 4.0 5.7

2003 4.1 5.7



pany along with the rates of commuting accidents per
1,000 insurants counted by the German insurance associ-
ation of chemical industry.  The rates of commuting acci-
dents registered by the company were lower than the rates
of commuting accidents per 1,000 insurants as observed
by the insurance association in the analysed time period
between 1990 and 2003.

Socio demographic and occupational variables
1) Age and sex

Table 2 displays the number and rates of commuting
accidents for males and females and different age groups.
The rate of commuting accidents was higher in the age
group under 25 yr (13.3 per 1,000 employees and per
year) compared with the age group from 26 to 45 yr (8.1)
and the age group from 46 to 65 yr (7.0).  Females (9.9)
had a slightly higher rate in experiencing commuting acci-
dents compared to men (8.2).  

Separate analyses were conducted for males and
females for five age groups (under 25 yr, 26–35 yr,
36–45 yr, 46–55 yr, 56 yr and above).  No significant dif-
ferences in the frequency of commuting accidents for

males and females depending on the age group were
detected, with the only exemption of higher rates of com-
muting accidents in female subjects in the age group
under 25 yr compared to men in the same respective age
group (Table 3).
2) Working-time model and occupation

Table 4 presents the rates of commuting accidents for
different working-time models and occupational groups.
There were no significant differences regarding the work-
ing time model, except for a smaller accident rate for
employees working part-time which needs to be seen in
the context of less working days in this particular group.
Focusing on occupational groups the rates of commuting
accidents for blue collar workers (9.9) was moderately
higher than for white collar employees (8.2).  In com-
parison to these two groups apprentices had an increas-
ing rate of commuting accidents (13.4).  This rate was
about the same as the rate for employees under 25 yr,
reflecting the age group most of the company’s appren-
tices belong to.  
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Table 2.   Age and gender specific rates of commuting accidents

Age Sex

General work 
population Under 25 yr 26–45 yr 46–65 yr Male Female

Average number of employees in the chemical company 46,286 6,394 24,689 15,202 39,209 7,077

Commuting accidents 1990–2003 5,484 1,188 2,794 1,496 4,505 979

Average number of annual commuting accidents 391.7 84.9 199.6 106.9 321.8 69.9

Average number of annual commuting accidents 
per 1,000 employees

8.5 13.3 8.1 7.0 8.2 9.9

Table 3.   Age and gender specific rates of commuting accidents

Sex

Age group

Under 25 yr of age 26–35 yr 36–45 yr 46–55 yr 56 yr and older

Male 19.3% 27.9% 24.7% 20.4% 7.7%

Female 32.7% 25.8% 17.7% 17.6% 6.2%

Table 4.   Rates of commuting accidents by working time models and occupational major groups

Working time model Occupational group

General work
population Day work

Rotating
shift work Part-time

Blue collar
worker

White collar
employees Apprentices

Number of employees in the company 46,286 31,259 12,858 2,169 7,077 39,209 2,879

Commuting accidents 1990–2003 5,484 3,879 1,434 171 979 4,505 541

Average number of annual commuting
accidents

391.7 277.1 102.4 12.2 69.9 321.8 38.6

Average number of annual commuting
accidents per 1,000 employees 

8.5 8.9 8.0 5.6 9.9 8.2 13.4



Accident specific variables
1) Time of occurrence and direction of route

Regular commuting hours generated two accident peaks
depending on general work rhythms.  One peak was in
the morning hours between 6:00 a.m. and 8:00 a.m., the
other peak appeared in the late afternoon between 5:00
p.m. and 7:00 p.m. On Monday and Tuesday most acci-
dents took place (20.7% each day).  Just 6.9% of the acci-
dents happened on Saturdays and Sundays.  There was a
higher proportion of commuting accidents during winter
time from November to March compared to summer time
(May to September).  In terms of the direction of the route
the number of accidents taking place on the way from the
residence to the work site (60.8%) was much higher com-
pared to the number of accidents happening on the way
from the work site to the residence (39.2%).  A descrip-
tive analysis of the accident sites indicated that a major
proportion of the commuting accidents (n=1.452) took
place within a radius of 500 metres from the company.
Most of these were car accidents and bicycle accidents.
2) Means of transport

Most commuting accidents happened while commuting
by car (33.1%), followed by bicycle accidents (30.5%).
Only 2.0% of commuting accidents took place while com-
muting on public transportation.  A rough estimate of the
accident rate concerning means of transport was possible
by comparing the actual accident data with data from a
survey conducted in 1998 examining the means of trans-

port used by the company’s workforce.  Table 5 displays
the relative frequency of commuting accidents by means
of transport and the distribution of means of transport in
the company’s work population in 1998.  A higher pro-
portion of commuting accidents involving pedestrians,
bicyclists and motorcyclists was detected. 

The distribution of means of transport by age and gen-
der is presented in Table 6.  Females more often had an
accident while commuting by car and as a pedestrian com-
pared to males.  The frequency of bicycle accidents and
motorcycle accidents was higher for males than for
females.  Most of the persons under 25 yr were involved
in a car accident, whereas most of the persons in the age
group between 36 and 65 yr had a bicycle accident.

Work inability
Thirty-three point eight persent of the commuting acci-

dents did not result in work inability.  12.6% of the com-
muting accidents led to work inability of 1 to 3 d.  In
24.2% of the cases a commuting accident resulted in work
inability for a period of 4 to 14 d.  14% of the casualties
were unable to work for 15 to 28 d.  15.4% of the com-
muting accidents led to work inability of more than 29 d.
Ten people were killed in an accident.  The interaction
between means of transport and age and the interaction
between means of transport and time of day were includ-
ed in the multivariate model after backward selection.
The crude and adjusted Odds Ratios are illustrated in
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Table 5.   Means of transport used by the accident sample and by the company’s work
population in 1998

Means of transport

Frequency (%)

Commuting accidents 
(1990–2003) (N=5,485)

Means of transport used 
by workforce*

Pedestrian 20.4% 1.0%

Bicycle 30.5% 12.0%

Car 33.1% 69.3%

Motorcycle 12.9% 2.4%

Public transport (bus, train, tram) 2.0% 15.2%

*1998 survey of means of transport used by the company’s workforce in Germany.

Table 6.   Means of transport by age and gender

Means of transport

Age group Sex

Under 25 yr 26–35 yr 36–45 yr 46–55 yr 56 yr and older Male Female

Pedestrian 17.5% 16.1% 19.1% 25.1% 31.5% 17.7% 30.7%

Bicyclist 18.9% 30.0% 32.2% 38.0% 40.4% 33.7% 15.7%

Car 45.7% 37.9% 29.5% 23.2% 16.9% 30.6% 44.8%

Motorcyclist 12.5% 12.2% 14.9% 9.6% 5.3% 13.7% 3.2%

Public transport 3.2% 1.0% 1.4% 2.3% 2.9% 1.7% 3.2%

Others 2.1% 2.8% 3.0% 1.8% 2.9% 5.0% 2.3%



Table 7 for the variables with no interaction in the mul-
tivariate model.  No differences between males and
females in the duration of work inability were found after
adjustment for the other variables in the model.  While
longer work inabilities were recorded for employees
working in rotating shift in comparison to employees
working in flexible time (ORcrude=1.6), this difference
could not be observed after adjustment (ORadj=1.1).
Regarding the area of operation adjusted for the other
variables only employees working in research had longer
work inabilities than employees working in the adminis-
tration (ORadj=1.4).  A longer period of work inability
was still present for blue collar workers after adjustment
in comparison to white collar workers (ORadj=1.9).
Accidents on the route from the work site to the work-
er’s residence more often resulted in a longer work inabil-
ity than accidents on the way to work (ORadj=1.28). 

A shorter period of work inability in comparison to car
drivers (Table 8) was observed for bicyclists as well as

for employees aged under 25 yr (ORadj=0.6), and for
employees aged between 26 and 45 yr (ORadj=0.7).  No
difference between car drivers and bicyclists existed for
employees at the age of 46 yr and beyond.  In contrast
there was no difference between car drivers and motor-
cyclists in the youngest age group, but there were longer
work inabilities in the age group between 26 and 45 yr
(ORadj=1.7).  In particular, this relationship was observed
for older employees at the age of 46 yr and beyond
(ORadj=3.2).  Shorter work inability was observed for
commuting accidents with public transport (ORcrude=0.7)
than for car drivers.  The difference was smaller after
adjustment for the other variables.  An increase in work
inability depending on increasing age was observed over
all means of transport (data not shown).

Longer work inability was observed when the accidents
happened at night (7 p.m. to 7 a.m.) (ORcrude=1.3).  This
was basically due to car drivers (ORadj=1.3) and bicyclists
(ORadj=1.3), with each of these two groups having a
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Table 7.   Odds Ratio estimates for the risk of longer work inability

Variable Category OR [95%CI], crude OR [95%CI], adjusted*2

Sex Male 1 1 

Female 0.83 [0.73–0.94]* 1.08 [0.93–1.26]

Age Up to 25 yr 0.75 [0.66–0.85]* *3

26–45 yr 1 *3

46 yr and older 1.14 [1.02–1.28]* *3

Working-time model Flexible time 1 1 

Part-time 1.32 [1.00–1.74] 1.12 [0.84–1.48]

Rotating shift 1.56 [1.40–1.75]* 1.08 [0.92–1.27]

Area of operations Administration 1 1 

Research 1.55 [1.29–1.86]* 1.42 [1.18–1.72]*

Reproduction 1.90 [1.62–2.23]* 1.16 [0.95–1.42]

Dispatch 1.77 [1.34–2.34]* 1.10 [0.82–1.48]

Workshop 1.47 [1.26–1.72]* 1.12 [0.93–1.34]

Occupational group White collar worker 1 1 

Apprentice 0.70 [0.59–0.84]* 0.83 [0.66–1.04]

Blue collar worker 1.85 [1.67–2.05]* 1.86 [1.63–2.11]*

Time of day 7 a.m.–7.p.m 1 *3

7 p.m.–7.a.m 1.25 [1.13–1.38]* *3

Direction of route Route to work 1 1 

Route going home 1.17 [1.06–1.29]* 1.28 [1.15–1.42]*

Means of transportation Car 1 *3

Bicycle 0.80 [0.71–0.90]* *3

Pedestrian 1.07 [0.93–1.22] *3

Motorcycle 1.46 [1.24–1.72]* *3

Public transport 0.87 [0.61–1.23] *3

Others 0.70 [0.50–0.98]* *3

*Confidence interval does not include 1. Values above 1 indicate groups with a tendency for longer work
inability than the reference category, values smaller 1 indicate a shorter period of work inability. *2Adjusted
for sex, age, working-time model, area of operations, occupational group, time of day, weekday, month,
direction of route, means of transportation, the interaction between means of transportation and age and
the interaction between means of transportation and time of day. *3given in more detail in Tables 8 and 9.



longer period of work inability following accidents
between 7 p.m. and 7 a.m. in comparison to accidents that
happened in the daytime (Table 9).

Discussion

The present study identified groups at risk for com-
muting accidents.  A major finding of this study was that
the highest rate of commuting accidents was found in the
age group under 25 yr in comparison to other age groups.
This finding is in line with other studies showing a high
incidence of commuting accidents in the age group under
25 yr10, 11).  In our study young employees were more
often involved in car accidents compared to other means
of transport.  Consequently, the development of preven-
tion strategies, in particular designed for young car dri-
vers such as traffic safety training programs, could be con-
sidered in future research.  A further finding was an
increase in work inability concerning older employees

which could be partly explained by longer regeneration
processes in these age groups.  However, no higher fre-
quency of commuting accidents was found for older peo-
ple, but the consequences of these accidents are much
more severe in this age group compared to younger peo-
ple.  The rate of commuting accidents for females per
1,000 employees per year did not differ from the rate of
commuting accidents for males.  Moreover, there was no
difference in the duration of work inability as regards
males and females.  Separate analyses conducted for
males and females with respect to different age groups
indicated higher rates of commuting accidents for the
female subsample in the age group under 25 yr in com-
parison to males of the same age group.  Following this
train of thought the findings of the present investigation
draw attention to young females under 25 yr constituting
a group at risk for commuting accidents, and provide pre-
liminary evidence for a process of risk assimilation
between the two genders in this particular age group.

There were no differences found between the rates of
commuting accidents concerning the specific working
time models.  However, the rate of commuting accidents
was much higher for apprentices.  A longer period of
work inability for blue collar workers in comparison to
white collar workers was also observed.  In the light of
these findings it needs to be considered that work inabil-
ity might be shorter for white collar workers as some
injuries might not hinder them from doing their work in
an appropriate manner, while blue collar workers would
be expected to need more time to recover until they are
capable to fulfill their tasks.  Most of the accidents took
part during winter time, which is in line with the results
of previous studies12).  A closer look to the accident sites
showed that a huge part of the accidents happened with-
in near distance from the company.  The identification of
particular “risk sites” could be subject to further investi-
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Table 8.   Odds Ratio estimates for the risk of longer work inability in regard
to means of transportation by age group

OR [95%CI], adjusted*2

Age category Under 25 yr 26–45 yr 46 yr and older

Car 1 1 1

Bicycle 0.63 [0.46–0.86]* 0.70 [0.58–0.85]* 1.06 [0.82–1.38]

Pedestrian 0.94 [0.68–1.30] 1.15 [0.91–1.46] 1.21 [0.90–1.62]

Motorcycle 1.21 [0.84–1.73] 1.73 [1.34–2.23]* 3.18 [2.16–4.71]*

Public transport 0.84 [0.43–1.63] 0.86 [0.44–1.70] 0.97 [0.49–1.91]

Others 0.89 [0.39–2.04] 0.59 [0.34–1.00] 0.72 [0.33–1.55]

*Confidence interval does not include 1. Values above 1 indicate groups with a ten-
dency for longer work inability than the reference category, values smaller 1 indi-
cate a shorter period of work inability. *2Adjusted for sex, age, working-time model,
area of operations, occupational group, time of day, weekday, month, direction of
route, means of transportation, the interaction between means of transportation.

Table 9.   Odds Ratio estimates for the risk of longer work inabil-
ity in regard to time of day by means of transportation

OR [95%CI], adjusted*2

7 a.m.–7 p.m 7 p.m.–7 a.m.

Car 1 1.34 [1.12–1.61]*

Bicycle 1 1.29 [1.07–1.56]*

Pedestrian 1 1.12 [0.90–1.40]

Motorcycle 1 0.76 [0.57–1.02]

Public transport 1 1.66 [0.82–3.37]

Others 1 1.25 [0.64–2.44]

*Confidence interval does not include 1. Values above 1 indicate
groups with a tendency for longer work inability than the reference
category, values smaller 1 indicate a shorter period of work inability.
*2Adjusted for sex, age, working-time model, area of operations, occu-
pational group, time of day, weekday, month, direction of route, means
of transportation, the interaction between means of transportation.



gations in order to minimize accident risk (for example
by certain structural changes).

Focusing on the means of transport not only a high fre-
quency of accidents by car was registered, but also a rel-
atively high number of bicycle, motorcycle and pedestri-
an accidents were observed.  Compared to all other means
of transport, commuting by public transport seems to be
the safest.  The rate of commuting accidents using means
of public transport such as bus or train was very low.
This finding corresponds with the German accident sta-
tistics13) and other studies about commuting accidents14)

which enhance the low accident risk in public trans-
portation compared to other means of transport.  The offer
of “job tickets” which allow a reasonable utilisation of
public transportation could be mentioned as a possibility
of creating a financial incentive for using public trans-
port.  Another alternative is the implementation of shift
busses allowing the employees to commute at times
adjusted to their working shifts.  Concerning the groups
of motorcyclists and bicyclists the implementation of dri-
ver safety training and the encouragement of wearing a
bicycle helmet should be taken into consideration.

Our study does not provide precise data on working
conditions and specific occupational risk factors, for
example time pressure or the experienced stress on the
job.  Future studies should focus on in depth analyses of
cognitive, emotional and behavioural risk factors of com-
muting accidents, for example experienced work load,
working climate etc. in order to provide a wide frame for
accident prevention.  Such detailed information could not
be gathered in the present retrospective study and must
be considered as a limitation, with this information being
necessary for designing more effective interventional
strategies in order to reduce the risk for commuting acci-
dents.
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