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Abstract
Background: The effectiveness of helmets at
preventing cycling fatalities, a leading cause
of death among young adults worldwide, is
controversial, and safety regulations for
cycling vary by jurisdiction. We sought to
determine whether nonuse of helmets is associated with an increased risk of fatal head
injury.
Methods: We used a case–control design
involving 129 fatalities using data from a
coroner’s review of cycling deaths in Ontario,
Canada, between 2006 and 2010. We defined
cases as cyclists who died as a result of head
injuries; we defined controls as cyclists who
died as a result of other injuries. The exposure
variable was nonuse of a bicycle helmet.

O

ne cyclist dies in Canada each week, and
cycling fatalities account for more than
2% of traffic fatalities, a leading cause of
death in young adults.1 Cycling safety regulations
vary by jurisdiction, and controversy remains
about the effectiveness of safety measures such as
helmets. There is strong evidence that helmets
prevent nonfatal head injuries,2 but very limited
evidence exists related to fatal head injuries. A
meta-analysis of case–control studies showed a
protective effect of helmets against head injuries,
but it was based on just 4 case fatalities in which
helmets were not worn.3 Another large study
involving 1710 cycling collisions found a trend
toward a protective effect of helmets, but included
only 14 fatalities.4 The existing literature leaves
open the possibility that helmets prevent nonfatal
head injuries, but not fatal ones.
We sought to determine whether cycling without a helmet was associated with an increased
risk of sustaining a fatal head injury.

Methods
Study population
We used a proportional mortality, case–control
design using data from a coroner’s review of
cycling fatalities in Ontario, Canada. The review
was conducted by the Office of the Chief Coro-
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Results: Not wearing a helmet while cycling
was associated with an increased risk of dying
as a result of sustaining a head injury (adjusted odds ratio [OR] 3.1, 95% confidence
interval [CI] 1.3–7.3). We saw the same relationship when we excluded people younger
than 18 years from the analysis (adjusted OR
3.5, 95% CI 1.4–8.5) and when we used a
more stringent case definition (i.e., only a
head injury with no other substantial injuries;
adjusted OR 3.6, 95% CI 1.2–10.2).
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Interpretation: Not wearing a helmet while
cycling is associated with an increased risk of
sustaining a fatal head injury. Policy changes
and educational programs that increase the use
of helmets while cycling may prevent deaths.

ner for Ontario and involved all accidental
cycling deaths occurring in the province between
January 2006 and December 2010.5 According to
Ontario’s Coroners Act, all deaths that are sudden and unexpected, or from any cause other
than disease, must be reported to a coroner.
We reviewed the reports of the investigating
coroner, police incident reports and accident
reconstruction reports. We used a standardized
computerized form for data abstraction, including
the age and sex of the cyclist and driver (or pedestrian, for incidents between cyclists and pedestrians), the mechanism of death, the results of postmortem examination, the cause of death, the
clothing worn by the cyclist, helmet use and the
use of bicycle safety equipment, such as lights.
Statistical analysis
We defined cases as fatalities included in the
coroner’s review for which the cause of death
was a head injury (including traumatic head
injury, closed head injury, craniocerebral trauma
and similar terms); we defined controls as fatalities for which the cause of death was not a head
injury. We calculated odds ratios [ORs], correcting for age and sex using logistic regression. Our
prespecified test was for an association between
risk of death from a fatal head injury and not
wearing a helmet. No data were missing.
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Results
There were 129 accidental cycling deaths
between Jan. 1, 2006, and Dec. 31, 2010. Decedents ranged in age from 10 to 83 years, and most
of them were boys or men (86%, 111/129) (Table 1). Most collisions (77%, 99/129) involved a
motor vehicle (Table 2).
Table 1: Characteristics of cases and controls

Characteristic

Cases*
n = 71

Controls
n = 58

Males, no. (%)

60 (84)

51 (88)

Age, mean ± SD

43 ± 21

41 ± 19

< 18

10 (14)

6 (10)

18–29

12 (17)

10 (17)

Age, yr

30–39

5 (7)

7 (12)

40–49

17 (24)

15 (26)

50–59

9 (13)

7 (12)

60–69

9 (13)

10 (17)

> 69

9 (13)

3 (5)

Note: SD = standard deviation.
*Cause of death was a head injury.

Table 2: Types of incidents leading to injuries of cases and controls
Cases, no. (%)*
n = 71

Type of incident

Controls, no. (%)
n = 58

Collision with motor vehicle

55 (77)

44 (76)

Collision with other bicycle

2 (3)

0 (0)

Collision with pedestrian

1 (1)

0 (0)

Collision with other object

5 (7)

7 (12)

No collision (fall)

8 (11)

7 (12)

*Cause of death was a head injury.

Table 3: Odds of death from a head injury when not wearing a helmet
while cycling, with and without other substantial injuries
Fraction not
wearing a helmet
Case definition

Cases

Controls

OR (95% CI)

Adjusted*
OR (95% CI)

Head injury as
cause of death
with other
injuries

58/71

37/58

2.5 (1.2–5.7)

3.1 (1.3–7.3)

Head injury as
cause of death
with no other
injuries

38/43

57/86

3.9 (1.4–10.9)

3.6 (1.2–10.2)

Note: CI = confidence interval, OR = odds ratio.
*Adjusted for age and sex.
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Death due to a head injury (with or without
other substantial injuries) showed a significant
association with not wearing a helmet while
cycling (Table 3). A similar relationship was seen
if only adults (age 18 yr and older) were considered (OR 2.87, 95% confidence interval [CI] 1.2–
6.4; adjusted OR 3.5, 95% CI 1.4–8.5). The odds
were similar when a more stringent case definition was used: head injury as cause of death with
no other substantial injuries.
Using a less conservative control definition of
only incidents in which the cyclist was run over
(and therefore where death could not have been
prevented by wearing a helmet), the control
prevalence of not wearing a helmet was 47%
(7/15; OR 7.1, 95% CI 2.0–28).

Interpretation
In this case–control study involving 129
cycling deaths, we saw an association between
dying as a result of sustaining a head injury
and not wearing a helmet. These results are
consistent with a protective effect of helmets
on cycling deaths.
The OR we calculated for helmet use is similar to those calculated from studies of helmet
use in nonfatal collisions that employed methods similar to ours. 6 – 9 Thompson and colleagues6 reviewed 3390 cyclists presenting to
emergency departments in Seattle, Washington,
for injuries sustained in crashes. They defined
cases as cyclists who sustained brain injuries,
whereas controls were defined as cyclists who
sustained any other injuries. They found that
cases (29%) were less likely to have been wearing helmets than controls (56%) (OR 3.2, 95%
CI 2.7–3.8). These findings and ours are consistent with a meta-analysis that found a risk
reduction of 65% for nonfatal head injuries
with the use of helmets.2
The enactment of legislation promoting helmet use is associated with an increase in helmet
use and a decrease in head injuries.10 For example, in Victoria, Australia, helmet use increased
from 31% to 75%, and cycling fatalities
decreased by 48%, after the introduction of
mandatory helmet laws, despite an increase in
cycling among adults.11 In Canada, wearing helmets is more common in provinces with mandatory helmet laws.12
Limitations
Our analysis is dependent on helmet use being
reported similarly regardless of the cause of
death. The similarity between helmet use in the
control group (36%) and that reported in the
Canadian Community Health Survey12 (34%) is

Research
consistent with the group of cycling fatalities
involving injuries other than head injuries being
an appropriate control, and suggests that helmet
use was not underreported for controls.
The OR we calculated may underestimate the
risk of a fatal head injury when a helmet is not
worn for several reasons. The control group may
have included some cyclists who died because
they were not wearing a helmet (i.e., cyclists
who may have survived their other injuries if
they had not also sustained a head injury),
which would increase the prevalence of not
wearing a helmet among control fatalities. Furthermore, helmets may not have been worn
properly or been in working order at the time of
the collision; we were unable to determine the
type or status of the helmets worn. In addition,
the OR we calculated would underestimate the
risk of not wearing a helmet if cyclists who do
not wear helmets are more likely to be involved
in fatal collisions, because this tendency would
increase the number of cyclists not wearing a
helmet in both the case and control groups,
thereby lessening the difference between
groups.
Classification bias in determining cause of death
is unlikely, because the cause of death was determined by coroners using a complete list of injuries
before the start of our study. The lack of bias is supported by the same association as the primary
analysis being found when the more stringent case
definition (i.e., the only injury was a head injury)
was used.

References

Conclusion
Policies and campaigns that promote helmet
use may decrease cycling mortality, which contributes substantially to mortality among young
adults worldwide. Concomitant educational programs and public awareness campaigns may
account for some of the positive effects of enacting helmet legislation. Cyclists less than 18 years
of age are required by law to wear a helmet in
Ontario. That 88% of decedents in our study
were older than 18 years (and 18% were > 60 yr)
suggests a gap in public policy.
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