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Aim. To present the epidemiology of fatal bicyclist injuries in traffic accidents in Croatia.

Methods. Between January 1, 1997 and December 31, 2000, there were 253 bicyclist fatalities in Croatia. The data
were collected from the police reports of the Department of Traffic Police, Ministry of the Interior, written at the place of
the accident. The data were processed by descriptive epidemiology and compared by tests of significance.

Results. The percentage of bicyclist fatalities among total road fatalities showed a decreasing trend over the years, from
11.6% in 1998 to 8.2% in 2000. The most frequent type of accident involving bicyclist fatalities were accidents in car-
bicycle collisions (lowest: 74.7% in 1998; and highest: 81.3% in 1997). Most accidents occurred at the beginning and
at the end of the bicycle season – months of April and October. Elderly people were involved in accidents occurring
mainly in the morning hours – from 6 to 12 a.m., whereas the youngest and the middle-aged got injured or killed
mainly in the evening – 6 to 9 p.m. This association between the age and the part of day when the accident happened
was statistically significant (chi square=36.51, p<0.0001).

Conclusion. Bicycle-related fatal injuries as a part of total road fatalities showed a gradual decrease. Regulation of bicy-
cle traffic, more stringent protection measures and their implementation, as well as preventive measures regarding the
time of day are needed to further decrease bicyclist fatalities in traffic.
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Bicycling has been emphasized as a factor con-
tributing to better health and physical condition, as
well as to environmental protection (1).

In Sweden, the number of bicyclists between 25
and 64 years of age doubled in the period between
1980 and 1993 (2,3). Every third Swede older than 65
uses the bicycle at least once a year. In the period be-
tween 1967 and 1996, 47% of all bicyclist fatalities
were accounted for by those older than 65 in Sweden.
However, most reports and preventive programs have
focused solely on child safety with regard to bicycling
(4-7).

Although a number of international studies have
described the injury surveys of bicyclists and opportu-
nities for prevention, discussion of the injury control
is generally confined to helmet campaigns, and possi-
bly the mandatory wearing of helmets forced through
legislation (8-10). Bicyclists have been not obliged to
wear helmets in Croatia. It implies that bicyclists
mostly do not wear them.

The concern due to the great number of fatalities
and heavy injuries related to bicyclists has brought
about extensive efforts and programs for their preven-

tion in many countries of the world. However, the
concerns vary around the world. In a 1995/1996
study, only 2.2% of bicyclists in Paris, France, wore a
helmet, compared with 31.5% in Boston, Mass, USA
(11). In contrast, 46.8 % of Parisian bicyclists had
their front or rear light on during night-ride, compared
with only 14.8% in Boston. These large and seem-
ingly contradictory findings are the result of different
laws and public health priorities, types of bicycle
riding, and perceived risks.

The available literature has little formal analysis
of the fatal risk patterns of bicyclists, because there
has been scarce information available on riding
exposure (12). The aim of this study was to explore
the problem of current traffic accidents in Croatia, ac-
cidents with injuries, especially of bicyclists, and to
study the conditions in which accidents with the bicy-
clist fatalities occur.

Methods

We collected data on traffic characteristics (number of driv-
ers and vehicles), number of traffic accidents (with and without
injured participant), and data about the bicyclist fatalities in the
Republic of Croatia over a period of four years, from January 1,
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1997 to December 31, 2000. The data were collected from the
police reports of the Department of Traffic Police of the Ministry
of Interior in Croatia, taken on the place of the accident.

The data were processed by using descriptive statistics, and
the associations between the observed variables were tested by
chi-square test of significance.

Results

The number of registered drivers of motor vehi-
cles increased during the study period. In 1997 it
amounted to 1.628,919, whereas in 2000 this num-
ber was 1.801,817. The number of registered motor
vehicles also increased from 1.142,201 vehicles in
1997 to 1.401,010 in 2000 (Fig. 1). Consequently, the
number of traffic accidents increased from 61,685 in
1997 to 73,387 in 2000. Traffic accidents with in-
jured persons showed the same trend. In 1997 there
were 16,234 injured persons, and in 2000 as many as
20,501 (Fig. 2).

The total number of persons killed in road traffic
accidents was lowest in 1998 and highest in 1997
(Fig. 3). The number of fatal bicyclist accidents varied
from 54 in 2000 to 75 in 1998, but the overall trend
was decreasing (Fig. 3). The average incidence rate of
fatal bicyclist accidents in the four year period was
1.51 per 100,000 inhabitants.

Over the years almost all indicators of intensity
of bicyclist fatalities – the number of bicyclist fatalities
per 100 thousand newly registered motor vehicles,
per million drivers, per thousand fatalities, or per mil-
lion of registered motor vehicles – showed a decreas-

ing trend (Table 1). This was especially true for the
number of bicyclist fatalities per thousand fatalities,
or per million of registered motor vehicles, which sig-
nificantly decreased during the study period (Table 1).

Car-bicyclist collision was by far the most fre-
quent type of accident (Table 2). This type of accident
accounted for 74.7% to 81.3% of the total number of
fatal bicycling accidents, followed by crashes and
sliding. Among other types of accidents, only a few
accidents were described as a fall from a bicycle or
collision in bumper-to-bumper driving.

The most frequent bicyclist fatalities were in the
age group between 35 and 64 (46.2%), followed by
the eldest bicyclists (34.4%), and the youngest bicy-
clists (19.4%) (Table 3). The latter group was a
heterogenous group of pre-school and school chil-
dren, students, and other young people. There was a
statistically significant association between the age
groups and the time of day in which the accident oc-
curred (Table 3). The elderly usually got hurt in the
morning hours, from 6 to12 a.m., whereas the mid-
dle-aged and the youngest age group got injured in
the evening, from 6 to 9 p.m. (Table 3).

The most frequent cases of fatalities were at the
beginning of the bicycling season (Fig. 4), in April,
with 38 bicyclists involved in the four-year observa-
tion period, and at the end of the season, in October,
with 28 fatalities. Less frequent fatalities were in sum-
mer months, at the end of spring (May), and the begin-
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Figure 2. Number of traffic accidents in Croatia. Closed bars
– traffic accidents with injured persons; open bars – traffic
accidents without injured persons.
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Figure 3. Bicyclist fatalities in total road traffic fatalities.
Closed bars – bicyclist fatalities; open bars – other road traf-
fic fatalities.
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Figure 1. Number of drivers (triangles) compared to the
number of registered motor vehicles (squares) in Croatia.
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Figure 4. Cumulative number of bicyclist fatalities in
Croatia per month for the 1997-2000 period.



ning of autumn (September), whereas the smallest
number of accidents was recorded in winter.

Also, being male presented a greater risk for a bi-
cycle accident fatality than being a female (83%
males, 16% females, 1% missing data). Slippery road
surface was found in 15% of accidents with bicyclist
fatalities and 46% fatalities happened during bad visi-
bility. Most of bicyclist fatalities (53%) happened on
local roads.

Discussion

During the observed four-year period, an aver-
age of 63 bicyclists got killed annually, which is 1.51
killed per 100,000 inhabitants in the Republic of
Croatia. Comparison of this rate with rates reported
for other countires is very difficult because they also
depend on the number of bicyclists and the general
use of bicycles as a vehicle, as well as on the regula-
tion of bicyclist traffic and security measurements.
The reported rate for bicycle fatalities in the USA is
0.3 per 100,000 population (13), compared with 0.6
per 100,000 population in Sweden (2) and France
(11). This certainly does not mean that it is more dan-
gerous to drive a bicycle in Sweden than in the USA,
but rather that a bicycle is a more common mode of
transport in Europe than in USA. In China, where bi-
cycles are the most common transportation vehicle,
the rate of bicyclist fatalities is 2.2 per 100,000
(14,15).

Traffic regulations regarding bicycle routes are
an important deteminator of bicycle accidents. Swe-
den is an excellent example of the superbly regulated
and extensive bicycle route network. The most impor-
tant are ”Sverigeleden” (4,000 km through the entire
country) and ”Cykelspåret” (2,800 km along the coast-

line) (16). In Croatia, bicycling routes are almost
non-existent. In the capital of Zagreb, which houses
amost a quarter of the whole Croatian population,
there are currently only 26 km of bicycle pathways.
The City has plans for another 160 km in near future,
and the general urban plan predicts a bicycle network
of more than 300 km. However, there are no avail-
able data on the number of bicycles and their use in
traffic in Croatia. Although our study showed a slight
decrease in the rate of bicycle fatalities in relation to
motor vehicles and total traffic fatalities, the number
of bicycle fatalities per new motor vehicles and total
number of drivers did not change, indicating that bi-
cycle traffic is not safe in Croatia.

There were several risk-patterns of bicyclist fatal-
ities depending on the age of bicyclists. Most of them
were characterized by collisions with motor vehicles,
simiar to other studies (17), and by the time of acci-
dent. Morning hours were prevailing fatal hours for
bicyclists aged over 64, evening hours for bicyclists
aged bellow 65. These differences are probably re-
lated to different lifestyles of different age groups.
Also, most bicyclist were killed on local roads, indi-
cating the need for separating bicycle traffic from that
of motor vehicles.

Despite the limitations of our study related to its
retrospective design and lack of data on bicycle traffic
in Croatia, the results indicate the importance of bicy-
clist safety in traffic at the time when bicycling is pro-
moted as a part of a healthy lifestyle. What is needed
is a proper study of the number and driving habbits of
bicycle drivers in Croatia, and consequent implemen-
tation of safety regulations and traffic regulation to de-
crease accident risks among this growing population
of traffic participants.
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Table 1. Indicators of bicyclist fatalities in Croatia, 1997-2000
No. of bicyclist fatalities per

Year million of registered motor vehicles 100 thousand newly registered motor vehicles million drivers thousand fatalities
1997 60.4 48.7 42.4 96.6
1998 60.4 65.3 44.1 116.1
1999 41.6 49.5 31.4 83.1
2000 38.5 47.5 30.0 81.2
chi-sguare (df=3) 8.341 4.020 4.325 8.250
p 0.039 0.259 0.228 0.041

Table 3. Number (%) of accidents according to age and according to time of day
Time of accident (hours)*

Age
groups

9 p.m.-6 a.m.
(night)

6 a.m.-noon
(morning)

noon-3 p.m.
(early afternoon)

3 p.m.-6 p.m.
(late afternoon)

6 p.m.-9 p.m.
(evening) Total

younger than 35 10 (20.4) 4 (8.2) 10 (20.4) 10 (20.4) 15 (30.6) 49 (19.4)
35-64 20 (17.1) 20 (17.1) 9 (7.7) 23 (19.7) 45 (38.5) 117 (46.3)
65 and older 8 (9.2) 37 (42.5) 12 (13.8) 16 (18.4) 14 (16.1) 87 (34.4)
Total 38 (15.0) 61 (24.1) 31 (12.3) 49 (19.4) 74 (29.3) 253 (100.0)
*chi-square=36.51, df=8, p<0.0001

Table 2. Number (%) of bicyclist fatalities according to type of accident
Number (%) of fatalities according to the type of accident

Years collision lateral collision head-on collision other sliding Total
1997 56 (81.3) 5 (7.2) 1 (1.4) 6 (8.7) 1 (1.4) 69 (100.0)
1998 56 (74.7) 3 (4.0) 10 (13.4) 2 (2.6) 4 (5.3) 75 (100.0)
1999 43 (78.2) 6 (10.9) 3 (5.5) 2 (3.6) 1 (1.8) 55 (100.0)
2000 41 (75.8) 3 (5.6) 1 (1.9) 5 (9.3) 4 (7.4) 54 (100.0)
Total 196 (77.5) 17 (6.7) 15 (5.9) 15 (5.9) 10 (4.0) 253 (100.0)



References

1 Li G, Baker SP, Smialek JE, Soderstrom CA. Use of alco-
hol as a risk factor for bicycling injury. JAMA 2001;
285:893-6.

2 Ekman R, Welander G, Svanstrom L, Schelp L,
Santesson P. Bicycle-related injuries among the elderly
– a new epidemic? Public Health 2001;115:38-43.

3 Welander G, Ekman R, Svanstrom L, Schelp L, Karlsson
A. Bicycle injuries in Western Sweden: a comparison
between counties. Accid Anal Prev 1999;31:13-9.

4 Dowswell T, Towner EM, Simpson G, Jarvis SN. Pre-
venting childhood unintentional injuries – what works?
A literature review. Inj Prev 1996;2:140-9.

5 Pendergrast RA, Ashworth CS, DuRant RH, Litaker M.
Correlates of children’s bicycle helmet use and
short-term failure of school-level interventions. Pediat-
rics 1992;90:354-8.

6 Dannenberg AL, Gielen AC, Beilenson PL, Wilson MH,
Joffe A. Bicycle helmet laws and educational cam-
paigns: an evaluation of strategies to increase children’s
helmet use. Am J Public Health 1993;83:667-74.

7 Finch CF. Teenagers’ attitudes towards bicycle helmets
three years after the introduction of mandatory wearing.
Inj Prev 1996;2:126-30.

8 Eilert-Petersson E, Schelp L. An epidemiological study
of bicycle-related injuries. Accid Anal Prev 1997;29:
363-72.

9 Cameron MH, Vulcan AP, Finch CF, Newstead SV.
Mandatory bicycle helmet use following a decade of
helmet promotion in Victoria, Australia – an evaluation.
Accid Anal Prev 1994;26:325-37.

10 Henderson M. The effectiveness of bicycle helmets – a
review. Revised edition for the Motor Accidents Au-
thority of New South Wales, Australia, 1995. Available

from: http://www.bhsi.org/henderso.htm. Accessed:
August 5, 2003.

11 Osberg JS, Stiles SC, Asare OK. Bicycle safety behavior
in Paris and Boston. Accid Anal Prev 1998;30:679-87.

12 Rodgers GB. Bicyclist deaths and fatality risk patterns.
Accid Anal Prev 1995;27:215-23.

13 Baker SP, Li G, Fowler C, Dannenberg AL. Injuries to bi-
cyclists: a national perspective. Monograph prepared
for the Snell Memorial Foundation. Baltimore (MD):
Johns Hopkins University Injury Prevention Center;
1993.

14 Li G, Baker SP. Injuries to bicyclist in Wuhan, People’s
Republic of China Am J Public Health 1997;87:1049-52.

15 Roberts I. China takes to the roads. BMJ 1995;310:
1311-3.

16 Salomonsson E, Carlsson E. Roads and traffic. Available
from. http://biketouring.eurotourism.net/tips/sweden/.
Accessed: August 4, 2003.

17 Rowe BH, Rowe AM, Bota GW. Bicyclist and environ-
mental factors associated with fatal bicycle-related
trauma in Ontario. CMAJ 1995;152:45-53.

Received: July 21, 2003
Accepted: September 4, 2003

Correspondence to:

Eduard Missoni
Department of Traffic Medicine

Zagreb University Faculty of Transport and Traffic
Engineering
Vukeliæeva 4
10000 Zagreb, Croatia
missoni@fpz.hr

613

Missoni and Kern: Bicycle Fatalities in Croatia Croat Med J 2003;44:610-613


