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ABSTRACT
Objective To quantify the magnitude of associations 
between cyclist fatalities and both cyclist and environment 
related characteristics in Spain during the first 24 hours 
after a crash.
Design Cohort study.
Setting Spain.
Participants 65 977 cyclists injured in road crashes 
recorded between 1993 and 2013 in the Spanish Register 
of Road Crashes with Victims.
Main outcome Death within the first 24 hours after the 
crash.
Methods A multiple imputation procedure was used to 
mitigate the effect of missing values. Differences between 
regions were assumed and managed with multilevel 
analysis at the cyclist and province levels. Incidence 
density ratios (IDR) with 95% CI were calculated with a 
multivariate Poisson model.
Results Non-use of a helmet was directly associated with 
death (IDR 1.43, 95% CI 1.25 to 1.64). Among other cyclist 
characteristics, age after the third decade of life was also 
directly associated with death, especially in older cyclists 
(‘over 74’ category, IDR 4.61, 95% CI 3.49 to 6.08). The 
association with death did not differ between work-related 
cycling and other reasons for cycling.
There was an inverse association with death for crashes 
in urban areas and on community roads. Any adverse 
meteorological condition also showed a direct association 
with death, whereas altered road surfaces showed an 
inverse association. Crashes during nighttime were directly 
associated with death, with a peak between 3:00 and 5:59 
am (IDR 1.58, 95% CI 1.03 to 2.41).
Conclusions We found strong direct and inverse 
associations between several cyclist and environment 
related variables and death. These variables should be 
considered in efforts to prioritise public health measures 
aimed at reducing the number of cycling-related fatalities.

InTRODuCTIOn
Cycling is considered a healthy alternative to 
private cars because it helps increase physical 
activity and reduce carbon emissions.1 But it 
can also be harmful: there are about 5.5 times 
more traffic deaths per kilometre travelled 

by bicycle than by car.2 In fact, cyclists along 
with pedestrians are the most vulnerable road 
users because of their lack of protection and 
comparatively greater likelihood of suffering 
severe injuries or dying after a crash.3 These 
outcomes can be caused mainly by factors 
related to the cyclist (as in single-vehicle 
crashes) or related to other road users (as 
in collisions with other vehicles), or even by 
environment-related factors. Understanding 
the factors involved in cyclist injuries and 
deaths is necessary in order to design and 
promote better public policies worldwide to 
encourage safe cycling. The current transi-
tion in commuting patterns in Spain merits 
attention, because the number of people who 
use bicycles daily or almost daily has nearly 
doubled since the mid-2000s.4 Public policies 
in this country promote cycling not only as a 
leisure activity, but as a regular mode of trans-
port. Although the annual number of cyclist 
deaths decreased from 75 to 58 between 2006 
and 2015,5 this tendency is reverting, and 
interventions aimed at making cycling a safer 
activity are needed.6

Many previous studies have identified 
individual and/or environmental factors 

Strengths and limitations of this study

 ► We used a nationwide database with information on 
65 977 cyclists.

 ► The database compiles abundant information on the 
characteristics of the people involved, their vehicles 
and the environment.

 ► Because the database is a police-based registry, 
it can be assumed that less serious crashes are 
underrepresented.

 ► Because of missing data, information biases cannot 
be ruled out despite the multiple imputation proce-
dure used.
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associated with injury severity or fatalities among 
cyclists.7–18 However, there is no consensus regarding 
the magnitude or even the direction of some observed 
associations. Death is sometimes considered the most 
severe injury category along with other serious injuries, 
rather than as a specific category itself.7–9 11 16 Because 
death of one or more cyclists after a crash is uncommon, 
some studies found no statistically significant associations 
between this outcome and a number of variables,7 and 
multivariate analysis was not possible in some studies 
because of the small numbers involved.16 In studies that 
reported significant associations, the findings may still be 
debatable: recent meta-analyses have consistently shown 
an inverse association between helmet use and head 
injury severity, although these studies focused mainly on 
non-fatal injuries.19 20 Olivier and Creighton19 found only 
two studies that reported effect sizes for fatalities, and 
Høye20 was obliged to merge fatalities with serious inju-
ries in a single category for most of her analyses.

Regarding age and gender differences, the biological 
effect of ageing is a plausible cause for the association 
between cyclist involvement in a road crash and greater 
injury severity,8–12 14 16 18 but the relationship between age 
and death in some age groups (eg, children or adoles-
cents) awaits clarification.9 13 14 16 18 Both males13 16 18 and 
females12 have been reported to be at increased risk of 
more severe injuries. Physical and behavioural aspects 
related to gender have been argued to explain differ-
ences in injury severity,21–23 but there is no consensus.

Although alcohol consumption is known to be asso-
ciated with risky behaviour while cycling,24 25 studies 
focusing on the association between this factor and 
injury severity or fatality are inconclusive.10 12 14 17 18 The 
commission of infractions is reportedly associated with 
injury severity or death, but only in bicycle collisions with 
a motor vehicle, not on other types of crashes.10

Environmental factors can also play a major role as inde-
pendent variables in fatal outcomes. Traffic lane charac-
teristics, for example, intersections as opposed to open 
roadways, are usually related to an increased risk of colli-
sion but not necessarily with more severe injuries11 12 14 
except in unsignalised intersections.9 Road surface and 
adverse weather circumstances appear to be related to 
the likelihood of crashes, but their association with injury 
severity or death also requires clarification, given that 
previous studies have found both a direct association with 
injuries or death9 10 14 and no association.7 11–13 Time of 
day is related to conspicuity, and has been linked to crash 
rates. However, the association found for injury severity 
has not shown a clear direction: a direct association 
with severity has been reported during daytime7 10 14 and 
during nighttime,9 11 with some analyses finding no asso-
ciation at all.12 13

It seems obvious that cycling speed would be related 
to death after a crash. Although the speed at the time of 
the crash can be estimated with ad hoc studies using acci-
dent reconstruction techniques,26 proxy variables such as 
speed limit at the site of the crash,10 11 13 14 or the area of 

the crash7 11 14 have been widely used. In fact, speed may 
be the main reason for the greater severity of cyclists’ inju-
ries in crashes involving a motor vehicle compared with 
single crashes, as reported in previous studies.12 13 16

Previous research in Spain has focused on impacts on 
cyclists’ health,27 28 their behaviour and other correlates 
with crash involvement,21 22 29 30 and the causal chain of 
events related to death after a crash.31 However, to our 
knowledge, there have been no attempts to analyse 
personal and environmental characteristics and their 
relationship with the risk of death.

To help fill the gaps in our current knowledge, we 
designed a large nationwide study to quantify the magni-
tude of the associations between cyclist and environment 
related characteristics and the likelihood of cyclist fatality 
within the first 24 hours post crash in Spain between 1993 
and 2013.

MeThODS
Data source and study population
We analysed the cohort comprising all 65 977 cyclists 
involved in road crashes recorded in the Spanish National 
Registry of Road Crashes with Victims between 1993 and 
2013 once the crashes in the autonomous cities of Ceuta 
and Melilla were excluded because of their specific char-
acteristics and low mortality: both cities are located in 
northern Africa, and all road crashes involving cyclists 
occurred in urban areas.

The aforementioned registry is a nationwide electronic 
database maintained by the Spanish General Direc-
torate of Traffic. It has high security standards to protect 
anonymity, and was developed to support the design 
and evaluation of public policies concerning road safety. 
Researchers can use these data on specific request, after 
a motivation letter is accepted by the Directorate author-
ities. This database contains information from the Statis-
tical Questionnaire of the Accident documents submitted 
for every crash resulting in injury or death and involving 
at least one moving vehicle in areas subject to traffic laws. 
Information in the registry includes the characteristics of 
the persons involved (eg, age and sex), their vehicles (eg, 
type and condition) and the environment (eg, type of 
crash, geographic coordinates and road characteristics). 
It does not include information that may lead to personal 
identification. Victims are categorised as injured if they 
are seen by a healthcare service, or as dead if they die at 
the crash scene or within the first 30 days. This question-
naire is completed by national police agents at the crash 
scene, and filed within the first 24 hours for crashes that 
result in death or severe injury (needing hospitalisation), 
or within the next 10 days after the crash. All data must 
be submitted within the first 30 days post event, including 
follow-up information from healthcare services. Amend-
ments to the infrastructure data recorded at the crash 
scene can be made within the next 30 days by the appro-
priate authorities.32
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Patient and public involvement
This study relies on data collected by the Spanish General 
Directorate of Traffic; no patients or participants inter-
acted with the study authors.

Variables
We collected information about a subset of variables 
which, according to previous studies and based on univar-
iate analysis, may be associated directly or indirectly with 
injury severity. Our dependent variable was death within 
the first 24 hours after the crash, and the independent 
variables were cyclist related (age, sex, helmet use, psycho-
physical circumstances, nationality, commission of infrac-
tion and reason for cycling) and crash or environment 
related (type of crash, traffic lane characteristics, area, 
meteorological conditions, road surface, time of day, year 
and province). Original categories and dichotomised 
categories (see Statistical analysis section) can be viewed 
in the frequency distribution tables (tables 1 and 2).

Statistical analysis
Univariate analysis was first done for each variable 
included as an independent variable and for death as 
the dependent variable. Then we built a Poisson regres-
sion model (a generalised linear model which uses log 
(rate) as the link function). Spain is divided into 50 prov-
inces which differ markedly regarding cycling density, 
cycler-friendly environment, socioeconomic conditions 
and healthcare facilities, among other important factors 
potentially related with cyclists’ risk of death. Therefore, 
we first tested the hypothesis that the province level would 
explain a significant part on the total variance in the 
outcome variable (cyclist fatalities). For this purpose, we 
constructed both unilevel (online supplementary appen-
dices 1 and 2) and multilevel empty models (including 
cyclist-level and province-level), and compared the vari-
ances explained by each. Significant differences (p<0.001 
for the likelihood ratio test) between the two models 
were obtained, thus confirming our hypothesis. This led 
us to choose a multilevel multivariate model for the main 
results.

More than 25% of the data were missing for some vari-
ables (eg, helmet use) (see tables 1 and 2 for details). The 
overall amount of these missing values may be explained 
by missing at random (MAR) and missing not at random 
(MNAR) mechanisms. Although we cannot compensate 
for MNAR values, we can control MAR values through a 
multiple imputation procedure. Therefore, we initially 
assumed that some missing values might be explained by 
the combination of the values observed for some of the 
remaining variables in the database. To test this assump-
tion, for each variable with missing values, we constructed 
a multivariate regression model with the existence or 
not of missing values as the dependent variable, and 
the observed values for the remaining variables as inde-
pendent terms. In all cases, we observed parameters of 
association significantly away from the null. These results 
supported our initial hypothesis and led us to build 50 

files in which missing data were represented as stabilised 
variances estimated from different variables, according to 
the chained equations method described by van Buuren33 
and implemented with the ‘ice’ command in Stata.34 This 
is a community-contributed Stata command focused 
on simplifying the imputation of categorical variables. 
However, this procedure was unable to provide missing 
values for many categorical variables with more than 
two strata when the frequency of responses in different 
categories was low, and we thus opted to dichotomise 
these variables. The dichotomisation process consid-
ered theoretical similarities between original categories 
(eg, any adverse weather circumstances such as rain, 
snow and hail were grouped in the category ‘any adverse 
circumstances’) and tried to keep the most important 
category for analysis unaltered (eg, intersections). Age 
was imputed based on its logarithm to maintain positive 
values, and its antilogarithm was then used to transform 
it into a categorical variable. We used this approach to 
build a multilevel fixed-effect multivariate Poisson regres-
sion model for each of our 50 complete datasets. Thus, we 
obtain adjusted incidence density ratios (IDR) for death 
for each category of every variable, to assess the magni-
tude of associations with cyclist death rates. IDR is a good 
estimate of the relative risk of death across categories of 
independent variables when, as in this analysis, the risk of 
death yields exactly the same value as the death rate for a 
fixed amount of persons-time (ie, the number of cyclists 
involved in road crashes multiplied by the same follow-up 
period for all of them). For each IDR, its corresponding 
95% CI was also calculated. We then used the communi-
ty-contributed ‘mim’ command for Stata35 to combine 
the estimates obtained for each imputed file according to 
the Rubin method.36

All analyses were done with Stata software (V. 14).37

ReSulTS
Tables 1 and 2 summarise descriptive information on 
cyclist and crash/environment related characteristics. 
Fatality was a rare event (2.49%). The male-to-female 
ratio was almost 8:1. The main mechanism for crashes was 
collision with another vehicle (69.40%), and most crashes 
occurred in urban areas (60.71%), followed by highways 
(35.71%) and community roads (3.58%). Although most 
crashes occurred during the day (83.44% between 9:00 
and just before 21:00), many of them (47.48%) occurred 
shortly after the end of the morning and afternoon work 
shifts, that is, from 12:00 to just before 15:00, and from 
18:00 to just before 21:00.

Table 3 shows the IDR for the association between cyclist 
characteristics and the risk of death. A tendency towards 
a direct association between cyclists’ age and death was 
observed from the third decade of life; the association 
was statistically significant (p<0.05) in categories from 35 
to 39 years and older, and was greatest in the ‘over 74 
years’ category (IDR 4.61, 95% CI 3.49 to 6.08). Non-use 
of a helmet was associated with a 43.45% higher chance 
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Table 1 Distribution of cyclist related variables, Spain, 1993–2013

Variable Category N % Total N
% Excluding 
missing values

Death Yes 1643 2.49 1643 2.54

No 62 969 95.44 62 969 97.46

Unknown 1365 2.07 – –

Total 65 977 100 64 612 100

Sex Male 55 901 84.73 55 901 87.13

Female 8259 12.52 8259 12.87

Unknown 1817 2.75 – –

Total 65 977 100 64 160 100

Age (years) <10 1596 2.42 1596 2.60

10–14 6073 9.20 6073 9.89

15–19 9065 13.74 9065 14.76

20–24 6130 9.29 6130 9.98

25–29 5963 9.04 5963 9.71

30–34 5797 8.79 5797 9.44

35–39 5244 7.95 5244 8.54

40–44 4632 7.02 4632 7.54

45–49 4119 6.24 4119 6.71

50–54 3357 5.09 3357 5.46

55–59 2555 3.87 2555 4.16

60–64 2256 3.42 2256 3.67

65–69 1804 2.73 1804 2.94

70–74 1361 2.06 1361 2.22

>74 1477 2.24 1477 2.40

Unknown 4548 6.89 – –

Total 65 977 100 61 429 100

Helmet use Yes 17 183 26.04 17 183 35.38

No 31 378 47.56 31 378 64.62

Unknown 17 416 26.40 – –

Total 65 977 100 48 561 100

Psychophysical 
circumstances

Normal 53 622 81.27 53 622 98.32

Altered* 915 1.39 915 1.68

Unknown 11 440 17.34 – –

Total 65 977 100 54 537 100

Nationality Spanish 57 208 86.71 57 208 91.69

Other nationality† 5184 7.86 5184 8.31

Unknown 3585 5.43 – –

Total 65 977 100 62 392 100

Commission of 
infraction

None 34 607 52.45 34 607 52.45

Distraction 6851 10.38 6851 10.38

Incorrect use of lighting 296 0.45 296 0.45

Wrong way 1335 2.02 1335 2.02

Invading the opposite lane 1200 1.82 1200 1.82

Incorrect turning 1879 2.85 1879 2.85

Illegal passing 489 0.74 489 0.74

Continued
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Variable Category N % Total N
% Excluding 
missing values

Disregarding safety 
distance

676 1.02 676 1.02

Failure to yield right of 
way

1595 2.42 1595 2.42

Disregarding traffic lights 1558 2.36 1558 2.36

Disregarding stop lights 1639 2.48 1639 2.48

Disregarding crossing 
signals

937 1.42 937 1.42

Disregarding other signals 214 0.32 214 0.32

Not indicating a 
manoeuvre

157 0.24 157 0.24

Entering traffic flow 
without precaution

1112 1.69 1112 1.69

Cycling while standing 22 0.03 22 0.03

Cycling in parallel 213 0.32 213 0.32

Cycling outside traffic 
lanes

914 1.39 914 1.39

Other 10 283 15.59 10 283 15.59

Total 65 977 100 65 977 100

Reason for 
cycling

Work-related 6770 10.26 6770 12.49

Other reason‡ 47 450 71.92 47 450 87.51

Unknown 11 757 17.82 – –

Total 65 977 100 54 220 100

*Including alcohol consumption with breath test, alcohol consumption without breath test, drug consumption, sudden illness, sleepiness or 
drowsiness, tiredness, or appearing worried, as perceived by the police officer.
†Including French, Moroccan, German, British, Italian, Swiss, Belgian, Dutch, American, other Magreb countries and other countries.
‡Including leaving for or returning from vacation, leaving for or returning from a holiday or long weekend, emergency and leisure.

Table 1 Continued

of death (IDR 1.43, 95% CI 1.25 to 1.64). Male gender, 
psychophysical circumstances and nationality other than 
Spanish showed a direct association with death. Many 
recorded cyclist infractions were directly associated with 
death, with IDR higher than 2 for infractions such as 
disregarding stop lights or other signals, cycling while 
standing, illegal passing, invading the opposite lane and 
cycling outside traffic lanes. However, ‘Disregarding safety 
distance’ and ‘distraction’ were inversely associated with 
death, but this association was statistically significant only 
for the latter (p<0.05). The association for work-related 
cycling did not differ compared with other motives for 
cycling (ie, for leisure or for other reasons).

Table 4 shows the IDR for the association between envi-
ronmental characteristics and the risk of death. There 
were no conclusive trends according to the type of crash 
(IDR 0.89, 95% CI 0.78 to 1.00), but cycling through an 
intersection (IDR 1.65 for ‘other’, 95% CI 1.46–1.87), in 
urban areas and on community roads were inversely asso-
ciated with death. This association was also found when 
the road surface was altered. However, for adverse mete-
orological conditions, the association was direct. A direct 

association with death was also found after midnight, 
in the category ‘03:00-05:59’ (IDR 1.58, 95% CI 1.03 to 
2.41), whereas an inverse association was found during 
the day, with a peak at midday between 12:00 and 14:59 
(IDR 0.40, 95% CI 0.29 to 0.56). Over the 10-year period 
analysed here, there was a trend towards a higher likeli-
hood of death in the earlier years.

DISCuSSIOn
Our results are generally in agreement with those of 
previous studies regarding the direction and magnitude of 
the associations between cyclist and environment related 
factors and the severity of crashes involving cyclists.7–18 
Perhaps, our most important finding is the association 
between non-use of a helmet and a higher chance of 
death. Although the protective effect of helmet use on 
the risk of head trauma is widely accepted,8–11 13–16 its 
association with injury severity has been addressed mostly 
for non-fatal injuries given that relatively few studies 
to date have focused on its association with death.19 20 
Although our study is observational and causality cannot 

 on January 5, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2018-028039 on 22 A
ugust 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Molina-Soberanes D, et al. BMJ Open 2019;9:e028039. doi:10.1136/bmjopen-2018-028039

Open access 

Table 2 Distribution of crash and environment related variables, Spain, 1993–2013

Variable Category N % Total N
% Excluding missing 
values

Type of crash Collision with moving vehicle 45 791 69.40 45 791 69.90

Other* 19 722 29.89 19 722 30.10

Unknown 464 0.70 – –

Total 65 977 100 65 513 100

Traffic lane 
characteristics

Intersection† 28 283 42.87 28 283 43.23

Other‡ 37 139 56.29 37 139 56.77

Unknown 555 0.84 – –

Total 65 977 100 65 422 100

Area Highway 23 561 35.71 23 561 35.71

Urban area 40 056 60.71 40 056 60.71

Community road 2360 3.58 2360 3.58

Total 65 977 100 65 977 100

Meteorological 
conditions

Good weather 61 972 93.93 61 972 93.95

Any adverse circumstances§ 3991 6.05 3991 6.05

Unknown 14 0.02 – –

Total 65 977 100 65 963 100

Road surface Normal 60 835 92.21 60 835 92.58

Altered¶ 4876 7.39 4876 7.42

Unknown 266 0.40 – –

Total 65 977 100 65 711 100

Time of day 
(24 hours clock)

0:00–2:59 972 1.47 972 1.47

3:00–5:59 401 0.61 401 0.61

6:00–8:59 3580 5.43 3580 5.43

9:00–11:59 12 582 19.07 12 582 19.07

12:00–14:59 15 753 23.88 15 753 23.88

15:00–17:59 11 144 16.89 11 144 16.89

18:00–20:59 15 572 23.60 15 572 23.60

21:00–23:59 5973 9.05 5973 9.05

Total 65 977 100 65 977 100

Years 2011–2013 16 315 24.73 16 315 24.73

2008–2010 10 468 15.87 10 468 15.87

2005–2007 7826 11.86 7826 11.86

2002–2004 7229 10.96 7229 10.96

1999–2001 6628 10.05 6628 10.05

1996–1998 8154 12.36 8154 12.36

1993–1995 9357 14.18 9357 14.18

Total 65 977 100 65 977 100

*Including collision with an obstacle (eg, stopped vehicles, pedestrians or animals), overturning, running off the road or other types of 
crash.
†Including T or Y configuration, X or + configuration, entrance ramp, exit ramp, traffic circle, or other intersections.
‡Including straightaway, gentle curve, unmarked sharp curve, marked sharp curve without posted speed limit, marked sharp curve with 
posted speed limit or others.
§Including heavy fog, light fog, light rain, heavy rain, hail, snow, strong winds or other adverse meteorological conditions.
¶Including shaded, wet, ice, snow, slick formed from water +dirt + oil, loose gravel, oil, or other altered surfaces.

be demonstrated, it is unlikely that residual confounding 
could entirely explain an association of the magnitude 
we observed. We are confident that our approach to the 

analysis was robust given that it included appropriate 
management of missing values, controlling for between-
province-level variance and multivariate adjustment 
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Table 3 Adjusted IDR for the association between cyclist related variables and the risk of death in the first 24 hours after a 
road crash, Spain, 1993–2013

Variable Category IDR 95% CI P value FMI

Sex Male* 1 – – –

Female 0.82 0.68 to 0.99 0.047 0.019

Age (years) <10 0.95 0.60 to 1.50 0.813 0.020

10–14 1.02 0.75 to 1.38 0.906 0.038

15–19 1.12 0.85 to 1.49 0.416 0.036

20–24 0.97 0.70 to 1.33 0.832 0.047

25–29* 1 – – –

30–34 1.26 0.93 to 1.71 0.134 0.057

35–39 1.79 1.35 to 2.39 <0.001 0.035

40–44 1.67 1.24 to 2.25 0.001 0.039

45–49 1.85 1.37 to 2.48 <0.001 0.035

50–54 2.15 1.59 to 2.90 <0.001 0.029

55–59 2.91 2.17 to 3.90 <0.001 0.033

60–64 3.59 2.70 to 4.77 <0.001 0.034

65–69 4.49 3.43 to 5.89 <0.001 0.034

70–74 3.67 2.62 to 5.13 <0.001 0.028

>74 4.61 3.49 to 6.08 <0.001 0.038

Helmet use Yes* 1 – – –

No 1.43 1.25 to 1.64 <0.001 0.091

Psychophysical 
circumstances

Normal* 1 – – –

Altered 1.43 1.08 to 1.89 0.011 0.305

Nationality Spanish* 1 – – –

Other nationality 1.39 1.18 to 1.62 <0.001 0.016

Commission of 
infraction

None* 1 – – –

Distraction 0.73 0.58 to 0.90 0.004 0.004

Incorrect use of lighting 1.54 0.96 to 2.45 0.072 0.007

Wrong way 1.21 0.79 to 1.84 0.386 0.004

Invading the opposite lane 2.04 1.57 to 2.66 <0.001 0.004

Incorrect turning 1.58 1.30 to 1.92 <0.001 0.004

Illegal passing 2.15 1.30 to 3.54 0.003 0.001

Disregarding safety distance 0.45 0.20 to 1.01 0.052 0.003

Failure to yield right of way 1.84 1.43 to 2.37 <0.001 0.005

Disregarding traffic lights 1.47 0.88 to 2.43 0.140 0.016

Disregarding stop lights 2.61 2.09 to 3.26 <0.001 0.003

Disregarding crossing signals 1.70 1.05 to 2.74 0.031 0.001

Disregarding other signals 2.95 1.39 to 6.24 0.005 0.017

Not indicating a manoeuvre 1.23 0.55 to 2.76 0.613 <0.001

Entering traffic flow without 
precaution

1.96 1.39 to 2.76 <0.001 0.004

Cycling while standing 2.08 0.29 to 14.87 0.465 <0.001

Cycling in parallel 1.95 1.07 to 3.56 0.030 0.002

Cycling outside traffic lanes 2.16 1.70 to 2.74 <0.001 0.004

Other 1.92 1.66 to 2.22 <0.001 0.014

Reason for cycling Work-related* 1 – – –

Other reason 1.12 0.93 to 1.34 0.249 0.081

*Reference category.
FMI, fraction of missing information; IDR, incidence density ratio.
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Table 4 Adjusted IDR for the association between crash and environment related variables and the risk of death in the first 
24 hours after a road crash, Spain, 1993–2013

Variable Category IDR 95% CI P value FMI

Type of crash Collision with a moving 
vehicle*

1 – – –

Other 0.89 0.78 to 1.00 0.056 0.013

Traffic lane 
characteristics

Intersection* 1 – – –

Other 1.65 1.46 to 1.87 <0.001 0.007

Area Highway* 1 – – –

Urban area 0.18 0.16 to 0.21 <0.001 0.016

Community road 0.61 0.48 <0.001 0.002

Meteorological 
conditions

Good weather* 1 – – –

Any adverse 
circumstances

1.36 1.07 to 1.72 0.011 0.005

Road surface Normal* 1 – – –

Any adverse 
circumstances

0.75 0.59 to 0.96 0.022 0.006

Time of day 
(24 hours clock)

0:00–2:59* 1 – – –

3:00–5:59 1.58 1.03 to 2.41 0.036 0.010

6:00–8:59 0.78 0.54 to 1.11 0.165 0.013

9:00–11:59 0.46 0.33 to 0.64 <0.001 0.015

12:00–14:59 0.40 0.29 to 0.56 <0.001 0.015

15:00–17:59 0.45 0.32 to 0.63 <0.001 0.013

18:00–20:59 0.49 0.35 to 0.68 <0.001 0.013

21:00–23:59 0.61 0.43 to 0.87 0.006 0.013

Years 2011–2013* 1 – – –

2008–2010 1.34 1.07 to 1.68 0.011 0.012

2005–2007 2.11 1.71 to 2.61 <0.001 0.015

2002–2004 2.16 1.75 to 2.67 <0.001 0.012

1999–2001 2.42 1.97 to 2.99 <0.001 0.011

1996–1998 2.30 1.86 to 2.84 <0.001 0.012

1993–1995 2.67 2.17 to 3.28 <0.001 0.015

*Reference category.
FMI, fraction of missing information; IDR, incidence density ratio.

for the most well-known confounders of the associa-
tion between helmet use and death. Therefore, taking 
into account that helmet use is the most easily modi-
fiable cyclist-dependent risk factor, our results suggest 
that a non-negligible amount of cyclist deaths might be 
prevented by increasing helmet use in our population of 
cyclists.

Regarding other cyclist-related variables, the associa-
tion we found between age and risk of death is consis-
tent with previous studies.8 10 11 This association may be 
explained on the basis of mechanisms such as greater 
fragility, loss of physical agility, decreased visual acuity and 
concomitant diseases.38 In contrast to other authors,9 14 18 
we found no association between younger age and death.

In relation to gender, we found that the risk of death 
was higher for males, as reported previously.16 18 This 

association has been explained as a result of either phys-
ical differences or safer behaviours in females,23 which 
may be associated with the severity of the crash itself. 
Other explanations have been based on the presum-
ably riskier behaviour in males when failing to stop for 
red lights39 and when their risk perception is lower.21 
On the other hand, female gender has been associated 
with higher rates of reporting road crashes.40 Because 
we considered only injured cyclists or death as our main 
outcomes, and assuming there was no difference between 
genders in deaths recorded in our database, differences 
in reporting non-fatal road crashes could lead to overesti-
mation of the association with death (if any) in the under-
reported category. In fact, some authors did not observe 
this association,8 or found female gender to be related 
with injury severity.12
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According to some authors, alcohol consumption is 
associated with risky behaviours24 25 when cycling and 
driving other types of vehicles, and is directly associ-
ated with injury severity.10 12 14 17 This condition could 
not be investigated in our study because of the dichot-
omisation process used to account for missing values. 
The low number of cyclists in the original categories for 
the ‘psychophysical circumstances’ variable forced us to 
combine alcohol consumption, drug consumption, tired-
ness, sleepiness and other psychophysical circumstances 
into a single ‘altered’ category, obscuring the true associ-
ation between each type of psychophysical circumstance 
and death. Nevertheless, alcohol consumption with and 
without a breath test was the most prevalent condition 
included in the ‘altered’ category, and showed a direct 
association with death. However, this association should 
be viewed with caution because of potential shortcomings 
in the validity of our data source.

Non-Spanish nationality also showed a stronger associ-
ation with death, but this should likewise be interpreted 
with care. We could not obtain information about cyclists’ 
expertise, and for non-Spanish cyclists, we did not know 
how long they had been living in Spain, or whether they 
had changed their cycling patterns while living abroad. 
Furthermore, all non-Spanish cyclists were clustered in a 
single subgroup which included people from countries 
which may differ widely in a large variety of aspects such 
as social and cultural characteristics as well as cycling 
infrastructure in their country of origin. This subgroup 
was thus too heterogeneous for informative compari-
sons. Consequently, the association found in our study 
undoubtedly deserves further research designed to 
address its underlying factors.

Like Kim and colleagues,10 we observed that most 
traffic infractions (11 out of 18) were directly associ-
ated with death. Distraction while walking or driving has 
been deeply explored, but it is not the case while bicy-
cling.41 There are inherent limitations to record distrac-
tions when the cyclist died at the crash scene. In our 
study, ‘Distraction’ was unexpectedly the only infraction 
inversely associated with death and statistically signifi-
cant, but this category included a wide range of sources 
of distraction, such as involuntary risky behaviours and 
intentionally committed behaviours (eg, use of techno-
logical devices). Although other authors have found 
distraction to be associated with a higher risk of crash,22 to 
our knowledge, the association between distractions and 
the severity of the crash has not been previously assessed. 
A possible explanation for this inverse association with 
death could be the lower speed (an unobserved variable) 
while cycling distracted.41 In relation with the reason for 
cycling, we found no associations with the likelihood of 
death. However, previous studies showed that work-re-
lated or utilitarian cycling was associated with less severe 
injuries because of cyclists’ expertise, choice of safer 
routes and helmet use,13 although greater injury severity 
was also associated with more experience and more 
frequent cycling.12 Although some authors have reported 

different injury severity depending on the type of crash, 
especially when a motor vehicle was involved,12 13 16 42 in 
the present study, the direct association between death 
and collisions with moving vehicles did not differ signifi-
cantly in comparison to other types of crashes (IDR 0.89, 
95% CI 0.78 to 1.00). Nevertheless, because type of crash 
was a binary variable in our analysis (see Statistical anal-
ysis section), all other types of collisions with moving 
vehicles were included in a single category and compared 
with other types of crashes (such as collisions with an 
obstacle, overturning or running off the road), hence the 
two groups were heterogeneous. Furthermore, unless the 
cyclist is fatally injured, cyclists are probably more likely to 
receive police assistance when they collide with another 
vehicle. Therefore, cyclists who sustained minor injuries 
in the ‘other crashes’ category were likely to be underrep-
resented in our sample.

Regarding environment-related variables, although 
some authors found no clear association with traffic 
lane characteristics or road geometry,11 12 we identified 
an inverse association between intersections and death 
compared with other road configurations (straight roads 
or curves), in accordance with previous findings for injury 
severity.14 But again, our two categories were heteroge-
neous, and the risks may differ among for different types 
of intersection.9 43

The location of the crash showed a close relationship 
with fatalities. Previous studies have reported less severe 
injuries in dense urban settings, and more severe injuries 
on rural or community roads. We found an inverse asso-
ciation with death for crashes in urban areas and commu-
nity roads compared with highways. This association is 
probably related to the higher speeds reached on high-
ways by cyclists or the other vehicles involved in crashes. 
In fact, speed has been previously associated with injury 
severity.10 11 13 14 16

Adverse meteorological conditions were directly asso-
ciated with death, as reported by other authors.9 10 This 
association is probably due to lower cyclist conspicuity 
under adverse weather conditions, although other 
authors found no clear association.7 12 13 On the other 
hand, altered road surfaces were inversely associated 
with risk of death, which may be the result of cycling or 
driving at lower speeds. Nevertheless, other authors have 
reported more severe injuries on altered surfaces,9 14 or 
found no association at all.7 11 More research is needed 
to characterise the influence of weather and road condi-
tions on risk of death among cyclists, given the discrepan-
cies among findings from different studies.

Although the frequency of crashes was much greater 
during daylight hours, there was a direct association 
between crashes that occurred at night and death, as 
also found by Boufous et al11 and Wang et al,9 with a peak 
in the early morning hours, as reported by Asgarzadeh 
et al.7 Other authors, however, found no association 
between time of the crash and injury severity or death, 
although one Danish study reported an association with 
daylight hours, probably because of the high standard of 

 on January 5, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2018-028039 on 22 A
ugust 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


10 Molina-Soberanes D, et al. BMJ Open 2019;9:e028039. doi:10.1136/bmjopen-2018-028039

Open access 

nighttime roadway lighting in Denmark.14 Apart from the 
lack of conspicuity,44 factors such as alcohol consump-
tion, speed and exhaustion may play major roles in this 
association.7 45 Finally, the lower risk of death in crashes 
recorded in more recent years in Spain may be explained 
by improvements in cycling infrastructure,46 improved 
healthcare for injured cyclists1 and increased reporting 
of less serious road crashes by the police.

Strengths and limitations
Our data source for this analysis was the Spanish National 
Registry of Road Crashes with Victims. This registry 
contains information recorded over many years by police 
officers on a standard form. Our large sample size and 
total number of cyclist deaths made it possible for us 
to precisely estimate the magnitude of the associations 
between each variable in the model and fatal injuries. 
Our choice of main outcome categories reduced the 
possible effect of misrepresentation for certain indepen-
dent variables in this police-based registry. Furthermore, 
the statistical approach used here considered variability 
in the outcome variable across provinces in Spain, and 
was intended to decrease the effect of missing values that 
could be explained by the remaining variables.

Nevertheless, a main limitation of our study is its obser-
vational nature, which prevents us from suggesting causal 
interpretations for the associations we found. Given that 
our analysis is based on information from a police-based 
registry designed to collect information on all types of 
road traffic crashes, as noted in the Methods section, selec-
tion bias is an important issue given the assumption that 
less serious crashes were underrepresented, because of a 
direct association between injury severity and reporting 
rates to the police.47–49 Behavioural differences and differ-
ences in representation rates related to the categories for 
specific variables (eg, gender) could not be measured with 
the available data, and this may have led to overestima-
tion or underestimation of some of the observed associa-
tions. Regarding helmet use, we do not have information 
on the characteristics of the helmets, and cannot confirm 
that they were being worn correctly at the moment of the 
crash. Although we used a multiple imputation proce-
dure to compensate for missing information, this method 
only partially resolves issues related with missing data; 
therefore, our results may still be affected by biases of 
an undetermined magnitude. Furthermore, the dichot-
omisation used for our multiple imputation procedure 
forced us to combine heterogeneous categories for some 
of the variables (eg, psychophysical circumstances), so 
the results for these variables should be considered with 
due caution. Bias is also a potential limitation, because of 
the subjective nature of some variables recorded by police 
officers at the crash scene.

Finally, the lack of information regarding vehicle speed 
is an important limitation in our study. Although this is 
probably the most important factor affecting the severity 
of cyclists’ injuries, no direct information was available for 
vehicle speed when the crash occurred.

COnCluSIOnS
We found strong associations between several cyclist and 
environment related variables and the probability of death, 
and suggest that these associations should be taken into 
account in efforts to prioritise public health measures 
aimed at reducing the number of cycling-related fatalities. 
In particular, we believe helmet use by cyclists needs to be 
encouraged. Although we are aware that the magnitude 
of the association between non-helmet use and death is 
not entirely causal, it supports the hypothesis that helmet 
use may significantly reduce the risk of death among 
cyclists involved in road crashes. Although using a helmet 
is now mandatory for all cyclists on open roads in Spain, 
our data show that even in recent years, the proportion of 
non-helmet use has been non-negligible. Another topic 
that deserves attention is the risk in older cyclists, consid-
ering that this subgroup of cyclists will very likely grow in 
the coming years. Finally, the reasons for the higher risk of 
death during nighttime cycling merit further investigation 
in order to manage factors that are potentially modifiable 
by, for example, encouraging measures to improve cyclist 
conspicuity.
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