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Abstract
Background: Road traffic injuries and fatalities have
increased in Colombia despite that 2011-2020 had been
declared as the Decade of Action for Road Safety in the
world. Then, this paper aims to describe the trends of
motorcycle mortality patterns in Colombia from 2000-2013.
Methods: A longitudinal study is carried out using mortality
records from the Colombian National Department of
Statistics, and following the International Classification of
Diseases -ICD-10 V200 to V299.
Results: From 2000 to 2013 the study founded a near 100%
increase in the number of motorcycle fatalities in Colombia;
the occurrence rate increased from 3.6 to 5.7 per 100,000
populations. 65.4% of the fatalities involve individuals from
15 to 34 years of age.
Conclusions: Motorcycle fatalities have become a serious
public health issue in Colombia. For the 14-year of the study
period, slightly more than 28,800 motorcyclist’s deaths have
been attributed to different factors and social determinants.
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Introduction
The 2004 World Report from the World Health Organization
states that the Road Traffic Injury (RTI) is becoming an ever
growing public health issue [1]. According to the report, related
road traffic disasters represent the number one cause of death
due to injury, the eleventh cause in the general mortality
population, and it is ranked the ninth cause in the global burden
of disease [2]. The report also shows that around 1.3 million of
population worldwide loses their lives every year due to road

traffic injuries, and the Western Hemisphere is far from being
the exception, as nearly 150,000 fatalities per year are
confirmed [3]. In 2010, Latin America had an average rate of
16.3 per 100,000 populations, practically twice the average
shown in countries where population earned a high income,
which revealed rates of around 10 per 100,000 populations. A
problem that is widely outpacing the average registered in
countries such as Denmark (3.5), Australia (5.4), Germany (4.3),
France (5.1), Ireland (4.1), Japan (4.7), Canada (6.0), United
States (10.6) [4]. Projected estimations show that by 2020 the
average rate in the Latin America region could be reaching
24/100,000 population. If this prediction comes to pass, it would
represent a true challenge to the economic and social
development of the countries comprising this region [3,5].
The expenditure due to crashes and health care services for
those traffic injuries are estimated to be around 1% of the gross
domestic product (GDP) in low-income, 1.5% in middle-income
countries, and 2% in high income countries. Healthcare costs
due to RTI are estimated to represent between 1.6% to 4.2% of
Colombia’s GDP in 2010 [3].
Although in recent years the global mortality rate due to RTI
has decreased, in most Latin American and Caribbean countries
this reduction has not been evenly distributed among road
users. The study conducted by Rodrigues et al. [6] shows that
the motorcyclists’ fatal injury pattern increased on the entire
continent from 1998 to 2010, especially for the Andean subregion countries. The study also reported that the increasing of
the mortality-rate might be a result of recent economic changes,
a rapid increase in motorization rates, and a lack of public
transportation policies oriented to the need of discouraging the
use of private vehicles [6,7]. In addition, factors such as the
growth in motorcycle sales, higher cost of fuel for regular 4wheels vehicles, and the generalized idea-along with the
misleading conception that motorcycles are more environmental
friendly (among others) have also been related to this increasing
phenomenon [8-19].
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Moreover, it has also been corroborated by several authors
that in low-income countries the high incidence of mortality rate
is a result of several circumstances, such as negligible use of
personal protective equipment, slight low enforcement,
frequent breach of traffic laws, driving at high speeds, culture of
diving in zigzag patterns, use of cell phones while driving, and
low perception of risk on unsafe driving conditions with little
traffic signals [20-29].
Thus, regarding to the Colombian’ situation, this country
occupies the fourth position in South America’s territorial
extension, and the third in population growth in Latin America,
after Brazil and Mexico; and according to the National
Administrative Department of Statistics [30], the country had a
population of 47'120,770 inhabitants in 2013, living in 33
decentralized territorial provinces [31]. Colombia also has the
fourth largest regional GDP, and among the whole world the
country is ranked in the 30th position. Particular condition that
partially allows to explain the increase in purchasing fourwheels, and primarily, two-wheel vehicle; a trend that has been
steadily happening for the last 10 years [32,33].
Among the 2000 to the 2013 year, Colombia increased
considerably the number of registered motorcycle vehicles,
coming from 32.8% to almost 50%, and virtually doubling the
number of car in 29.0%, as a mean of transportation [34,35].
Similarly, in recent years, the participation of this type of vehicle
in road accidents has shown a significantly growth, especially for
deadly events [36]; that is, representing 24% of all road deaths
in 2001 to around 45% in 2010 [37-39]. Therefore, this article
aims to analyze the pattern of motorcyclists’ mortality for the
Colombian population between the 2000 and 2013 year,
following a list of variables from the official Colombian mortality
registered records.

Materials and Methods
Study Design
A longitudinal-descriptive study of motorcyclists’ mortality in
Colombia from 2000 to 2013, using records from the Colombian
National Administration Department of Statistics (DANE is the
Colombian acronym), was implemented. The events classified as
death due to motorcycle accidents were extracted from the
mortality database using codes V20 to V29 according to the
tenth edition of the International Classification of Diseases (ICD
10).

Data Processing
The variables analyzed for this study are: year (2000 to 2013),
Month (January to December), Age (discrete variable from 0 to
99 years of age), Sex (Male, Female), causes according to ICD 10
codes (as mentioned above), and provincial and municipal
locations —where the fatality took place. Similar to the large
population groups, which have been used for the study of
injuries and deaths from external causes [1,40], age-groups are
gathered following specific categories (under 15, from 15 to 34,
from 35 to 59, and 60 and over). Specific rates are also
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calculated for each year, based on the DANE’s population
projections and reported per 100,000 populations.

Data Analysis
As stated before, a longitudinal descriptive analysis was
carried out from the 2000 to 2013 year. The specific mortality
rates are calculated according to provincial, municipal, sex, and
age-group data, from the first to the last year of the study
period. To make better comparisons among different provinces
and municipalities, adjusted mortality rates, using the direct
standardization method with 95% confidence intervals, were
obtained. Then, the same proportional distribution used by the
WHO-2000 standard population was applied to each specific
rate by age-groups, allowing, therefore, to make properly
adjustments in population structure differences toward each
compared groups [41].
Using that estimation, the mortality risk for each provincial
territory is ranked as one out of five categories: very low (below
the 10th percentile); low (from the 10th to the 25th percentile);
average (from the 26th to the 75th percentile); high (from the
76th to the 90th percentile); and very high (over the 90th
percentile). Additionally, the software used in the analyses was
State 13.2 and Microsoft Excel 2013. The results of the study
were also geo-referenced on maps, using the software ArcGIS
version 10.4.
Finally, Poisson Regression was the model applied for this
multivariate analysis, aimed at estimating the incidence of
relative risk (IRR in the equations, using 95% confidence
intervals (CI) and a p value<0.05). The general population is
considered the exposure variable, with the dependent variable
represented by the number of fatalities and the independent
variables classified as: Sex (0=Female, 1=Male); Period
(2000-2004=0, 2005-2008=1, 2009-2013=2); Age-Group (under
15=0, 15 to 34=1, 35 to 59=2, 60 and over=3); Provincial
Territory (Antioquia=1, Bogotá=2, Valle del Cauca=3, Meta=4,
Cesar=5, Guajira=6, Rest of the Country=0), and having in mind
as well that other variables were used just for model adjustment
purposes.

Ethical Aspects
The present study did not require approval from any Ethics
Committee, since according to the Law Act, Resolution 008430,
from the Colombian Ministry of Health in 1993, this kind of
research is considered to have no risk. The study is, exclusively,
using secondary data, among which there is no personal
information regarding to any deceased individual, and therefore,
private information is not comprised.

Results
From 2000 to 2013 fatal road traffic injuries took the lives of
24,881 motorcyclists, 86.6% of whom were men. But, during
that period, while the standard rate of mortality due to RTI in
Colombia dropped from 19.8 to 14.3 per 100,000 populations,
motorcyclist fatalities increased steadily until becoming the
number one cause of traffic fatalities, representing eventually
This article is available from: http://www.archivesofmedicine.com/
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nearly 40% of total traffic fatalities in 2013. In other words, the
retrospective analysis clearly shows how much in a country like
Colombia the annual motorcyclist fatalities increased constantly
during the period of study. As can be seen on the annexed
graph, from 2000 to 2005 there is a slight decrease of fatalities
due to this cause, which is interrupted by a sudden increase in
2006, remaining steady until the end of the study period (Figure
1). The number of deceased persisted as to 1,800 fatalities per
month with some peaks in June (8.7%) and in December (9.5%),
probably associated with traffic increase during those vacation
periods.

Figure 1: Gross mortality rates for all Road Traffic Injuries and
among Motorcyclists. Colombia, 2000-2013, Adapted from
Colombian National Statistics Department (2013).
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The age-group from 15 to 34 years contributed to the 65.4%
of fatalities, particularly within the youth group aged 20 to 24
years whom comprised 20.7% of the cases. For the following
age-groups there is evidence of a rapid decrease in the number
of fatalities all the way down until the elderly group aged 60 to
64, who represented 1.4% of the fatalities. Yet, it is important to
point out that similarities of 1,8% between the elderly group and
motorcyclist’s fatalities under the 15-year-olds group were
observed (Table 1). A little over 60% of all motorcyclist fatalities
during the study period are located and concentrated in eight
provincial territories: Antioquia (17.5%), Valle (15.2%), Bogotá
(6.7%), Huila (5.1%), Santander (5.1%), Meta (4.4%), Tolima
(4.3%), and Cundinamarca (4.2%). However, after adjusting the
mortality rate per 100,000 populations, a different picture is
shown; which is demonstrated by the fact that in 2013 the
provincial territories had the following percentage: Casanare
(22.1), Arauca (17.5), Huila (14.9), Meta (13.6), Cesar (12.9),
Putumayo (9.7), Tolima (8.5), and Santander (6.5). Also, it is
important to stand out that although Antioquia and Valle
together gathered 33.7% of the fatalities, they have an average
similar to the national rate of 5.7 per 100,000 populations.
The increase in this phenomenon has been so dramatic that
none of the 33 provincial territories showed a downward trend
at all. During the 14-year study period, in some more than
others, the Provincial Territories shown a pronounce upward
increase. For instance, the provincial territory of Cesar increased
its motorcyclist mortality rate by 426%, Putumayo by 314%,
Casanare and Arauca by 253% and 230%, respectively.

Table 1: Motorcyclists mortality by age groups. Colombia, 2000 to 2013 (Source: Colombian National Statistics Department 2013).
Age groups

Female

%

Male

%

Total

%

0 to 4 years

48

1,44

53

0,25

101

0,41

5 to 9 years

39

1,17

44

0,20

83

0,33

10 to 14 years

105

3,15

175

0,81

280

1,13

15 to 19 years

516

15,47

1939

9,00

2455

9,87

20 to 24 years

674

20,21

4488

20,83

5162

20,75

25 to 29 years

520

15,59

4367

20,27

4887

19,64

30 to 34 years

408

12,23

3195

14,83

3603

14,48

35 to 39 years

303

9,09

2299

10,67

2602

10,46

40 to 44 years

248

7,44

1665

7,73

1913

7,69

45 to 49 years

167

5,01

1204

5,59

1371

5,51

50 to 54 years

100

3,00

785

3,64

885

3,56

55 to 59 years

66

1,98

532

2,47

598

2,40

60 to 64 years

52

1,56

302

1,40

354

1,42

65 to 69 years

30

0,90

204

0,95

234

0,94

70 to 74 years

24

0,72

102

0,47

126

0,51

75 to 79 years

11

0,33

67

0,31

78

0,31
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80 and more

14

0,42

65

0,30

79

0,32

No data

10

0,30

60

0,28

70

0,28

Total

3335

100%

21546

100%

24881

100%

As well, other provincial territories such as Norte de
Santander, Boyacá, Risaralda, Cauca, Cundinamarca, Atlántico,
Córdoba, Sucre, Nariño and Bolívar doubled the rate at which
they started out from the study period (p<0.05) (Figure 2). Thus,
after making the appropriate adjustment for the mortality rates
by age and sex using the Poisson Model, the provincial territory
that shown the greatest risk of deaths (for men) was San Andrés,
with an IRR of 6.00 (CI 95%: 5.06 ± 7.13), followed by Casanare
3.07 (CI 95%: 3.38 ± 2.78), Arauca 2.88 (CI 95%: 3.29 ± 2.52) and
Meta 2.1 (95% CI: 2.24 ± 1.96) (Figure 3).

variables included in the final model, such as age-groups,
periods of time and provincial territories.

Figure 3: Relative Risk Motorcyclists’ departmental mortality
(adjusted for age and sex), Colombia, 2000-2013 (Source:
Own calculations using Colombian National Statistics
Department data records 2013).

Figure 2: Evolution of motorcyclists’ mortality by department
in Colombia 2000-2013, Adapted from Colombian National
Statistics Department (2013) (*Not statistically significant).
Poisson Regression analysis showed that for this study period,
the men group had a significantly higher risk of dying as
motorcyclist, with a IRR 4.51 (95% CI 4.3 ± 4.7), compared to
women, after carrying out adjustments for other independent

Likewise, compared with other age-groups, the analysis shows
an increased risk of death among those aged 15-34, with a IRR
of 8.74 (95% CI: 7.97 ± 9.60) and those aged 35-59 with a IRR
5.78 (95% CI 5.26-6.35). On the other hand, the analysis also
suggested increased risk associated with time; since during the
study period (2000-2013) there was an increase of 34% (95% CI
1.30 ± 1.38) throughout the country, when matched up to the
category used as reference (2000-2004). Finally, when analyzed
by provincial territories, during the study period of fourteen
years, the risk of dying was higher in Meta, Cesar, Valle and
Antioquia (p<0.001) (Table 2).

Table 2: Mortality risk among motorcyclists in Colombia 2000-2013 (Source: Own calculations using Colombian National Statistics
Department data records 2013).
Variable

RRI

CI 95 %

p value

Sex
Women (Ref)

1

Men

4.51

4.35

4.68

<0001

Age groups

4

< 15years(Ref)

1

15 to 34 years

8.74

7.97

9.6

<0001

35 to 59 years

5.78

5.26

6.35

<0001

≥ 60 years

4.17

3.72

4.67

<0001
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Period
2000 to 2004 (Ref)

1

2005 to 2008

1.09

1.06

1.13

<0001

2009 to 2013

1.34

1.3

1.38

<0001

Departments
Other departments (Ref)

1

Antioquia

1.11

1.07

1.14

<0001

Bogotá

0.38

0.36

0.4

<0001

Cesar

1.5

1.4

1.62

<0001

Guajira

0.65

0.55

0.77

<0001

Meta

2.11

1.99

2.25

<.0001

Valle

1.28

1.23

1.32

<.0001

Discussion
Between 2000-2013 there was a 94% increase in the number
of deaths associated with motorcyclists in Colombia, having also
the incidence-rate increase from 3.6 to 5.7 per 100.000
populations. Slightly more than 60% of the total mortality was
concentrated in eight provincial territories (Antioquia, Valle,
Bogota, Huila, Santander, Meta, Tolima, and Cundinamarca).
However, compared with the national average (p<0.05), the
adjusted mortality rates in states such as Arauca, Casanare, Huila
have shown a significantly increase in the study period (Figure
2). The motorcycle mortality seems to be concentrated in states
with greater economic income, which is consistent with better
regional road infrastructure and higher number of registered
vehicle [29,33,42-48].
The high mortality growth in states such as Casanare, Meta
and Cesar, in which adjusted mortality rates increased
significantly during the study period (p<0,05), might be
consistent with the existence of a “geographical gradient” in
traffic accidents. That is, while interior and more developed
regions have higher number of deaths, so do peripheral regions;
but in practice, the later ones have much less regulatory law
compliance and enforcement, making it more difficult to know
the real picture [23,49] with a bigger risk of death [24,33,36].
Previous studies have identified multiple factors associated
with the upward trend of motorcycle’s mortality in Colombia.
Researchers from the extinct National Prevention Road Fund, in
2012, estimated improper use of the helmet in 65.5% of
motorcyclists, especially in cities greater or equal to 900,000
populations [29].
These data are consistent with the report from Rodríguez et
al. [39], which in addition to showing low helmet’s wearing in
two intermediate cities of the Colombia; they found that in
general motorcyclists do not wear helmets because of hygienic
and cultural reasons, harsh climatic conditions, and lack of
organizational police enforcement.
Moreover, another determining factor that has been
identified is the fact that many motorcyclists are not aware of
© Under License of Creative Commons Attribution 3.0 License

their greater vulnerability to traffic accidents [26,50]. Different
behavioral patterns in regional studies from Colombia may
somewhat explain why motorcyclists suffer more traffic
accidents. Among them, the following factors has been
observed: most of motorcyclist do not respect red lights; very
often they ride on sidewalks and on pedestrian walkways; they
make zigzag driving movements in and out of cars and lanes;
they do not wear motorcycle helmet, or if they do, they do not
wear it correctly or do not wear the type of helmet that provides
the best safety conditions [51-59]. Additionally, few of them use
reflective vests even during the hours that it is mandatory; the
backseat riders do not use personal protection gear [6]; very
often motorcyclists ride at excessive speed, and they do not stay
in before the lane when they stop at red lights
[27,32,39,53,60-63].
However, it is known that such risky behaviors are not
exclusive of Colombian motorcyclists; various authors have
described similar patterns in other parts of the world. Patterns
of zigzagging through traffic, talking on a mobile phone while
driving, not wearing a motorcycle helmet or using it incorrectly,
not using reflective gear, violating traffic regulations, speeding,
and driving under the influence of alcohol have been positively
associated with the increasing risk of fatalities that motorcyclists
around the world are frequently expose to, when involved in
traffic accidents [1,7,25,49].
Moreover, the results obtained in this study allowed to
corroborate that in Colombia, similarly to other countries,
deaths related to traffic accidents, especially in motorcyclists,
are concentrated on men [4]. In this regard, it has been reported
that men are more likely to drive at high speeds or to do so
under the influence of alcohol (that is, with patterns of
speeding, drinking and driving), having much more confidence
while driving in risky situations [64-73].
But, unfortunately, this study fails to provide specific
interpretations of how gender roles determine activities such as
drinking and driving, exposure to risky behaviors and the
likelihood of dying from road collisions. The high incidence of
mortality rate among population 15 and 34 years of age could be
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related to limited skills and abilities to drive [74], lack of
knowledge of road safety rules [27], lack of technical expertise
to make decisions in risky situations and “overconfidence”
[75-78].
This study has as framework a generalized linear model where
the dependent variable is a numeric variable; which it is
supported by current research, indicating the utility of such
approaches for studies in public health with this kind of features
[79-84]. There are some critics that mention possible risks and
limitations with this approach. Even so, it is considered that
these aspects cannot be related to the present study, because
the authors followed the assumptions of equal dispersion and
integrity of the data, attributes that have been left intact.
However, another alternative could have been the application of
time series analysis, but there are not complete, and in detail
information to do so.
Another important constraint in this study is not having
further details of the events, such as type of motorcycle,
speeding patterns, drinking and driving behavior, wearing of
helmets, severity of injuries etc. [85-91]. On the other hand, the
records were, also, not correlated, with basic information such
as policies to ease purchase of vehicles, price of gas,
motorcyclist’s perceptions and preferences for using a type of
vehicle, among others [92-95].
Finally, this research has the typical limitations of population
studies that are based on secondary source, as the current
example with death certificate records; which usually have
considerable errors, such as in recording, coding and
classification —among others [54,96,97]. However, the authors
believe that in this case these potential data flaws are highly
controlled by the strict validation and reclassification systems
used by the Colombian National Administration Department of
Statistics (DANE). As well, another important limitation is that
this kind of source with secondary mortality records does not
identify causes, risk factors and/or possible determining factors
regarding the occurrence of motorcyclist fatalities. For instance,
there are not identifications of factors such as social and cultural
variables (level of income and driving practices, etc.); individual
variables (drinking and driving habits, risky behaviors, wearing of
a motorcycle helmet, driving skills, type of helmet used, etc.),
vehicle variables (make, model, size, etc.), and environmental
variables (speed, road lighting, road signs, appropriateness of
road infrastructure, etc.). Similarly, analysis using socioeconomic
factors or other social determinants could not be made, because
the records shown more than 20% of underreporting data in
crucial variables like the deceased’s social strata and education
level; therefore, this type of important evaluation had to be
excluded.
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catastrophic result in deaths. Combined aspects that obviously
are having a high impact on the social and economic
development of the country.
After several months of delay, the Colombian Government,
led by the Ministry of Transportation, in December 2015, set up
the National Agency for Road Safety, which is expected to
promote effectively the policies described on the National Plan
for Road Safety in Colombia, during 2014-2021 period,
addressing them at the national level and monitoring the
implementation at the regional and local level [98,99].
Additionally, it is important to point out that the Colombian
government must not be repeating the same mistakes, designing
and implementing policies at the regional and local levels that
have little chance of law-abiding or being implemented; as it is
the case, currently, with much sectorial legislation. It is also
imperative that the Colombian government improves the
process of control and regulation, adjusting in better way the
access, sale and availability of motorcycles, in addition to better
parameters of distributing driving licenses and driving schools
that issues them. Also, vital aspects such as the compliance and
enforcement of the road legislation must be strengthened, along
with the mandatory mechanical and technical check of all types
of vehicles [6]. It is essential to regulate and penalize patterns of
risky behaviors for motorcyclists, as well as for all road players,
enforcing the compliance of the legislation in coherence,
consistent and articulated way [100].
Finally, it should not be allowed that drivers with a history of
multiple breaches and traffic infractions keep doing so;
therefore, exemplifying mechanisms for punishment and
suspension of licenses must be generated, in order to avoid
putting at risk the life of themselves as well as the other road
users. These recommendations coincide with the ones included
on the most recent report of road safety from the WHO in 2015;
in which the report mention the fact that “countries that have
been more successful in reducing the number of deaths due to
traffic, have achieved this goal by making improvements in
legislation, applying and executing the enforcement of those
rules, and by building and making safer roads and vehicles" [4].
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