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Executive Summary
The UN Decade of Action for Road Safety 2011-2020 calls on national governments in sub-Saharan Africa 
and worldwide to direct substantial resources to stem the increasing burden of road traffic injuries. Bringing 
such attention to road safety requires demonstrating the importance of the problem relative to other major 
threats that currently confront sub-Saharan Africa. Therefore, in this study, we estimate the burden of road 
injuries relative to other health issues in the region through a systematic and scientific effort to quantify the 
comparative magnitude of health loss due to all diseases and injuries. We track the relative evolution of diseases 
and injuries since 1990 to show the increasing importance of road injuries to the health and development 
agenda in sub-Saharan Africa. We find that:

•	 Road injury deaths are severely underreported in most sub-Saharan countries. Our estimates are often 
six times those of official government statistics. In Nigeria, they are 14 times the official statistics of 
the national road death toll. 

•	 Road injuries killed 231,000 people in sub-Saharan Africa in 2010, accounting for almost one-fifth of 
the global road injury death toll. In addition, there were over 8 million non-fatal injuries, of which 
885,000 were severe enough to warrant hospital admission if adequate access to medical care were 
available. The combined burden of non-fatal road injuries in sub-Saharan Africa exceeded 14 million 
healthy life years lost.

•	 Western, Central and Eastern sub-Saharan Africa have the highest road injury death rates of any global 
region. The death rate in Western sub-Saharan Africa is more than four times the rate in Western Europe. 

•	 Road injuries are the 8th leading cause of death in sub-Saharan Africa and the 10th leading cause of 
healthy life years lost. The public health burden of road injuries exceeds that from tuberculosis and 
maternal disorders.

•	 Deaths due to road injuries have grown by 84% in sub-Saharan Africa since 1990, almost twice the 
global increase. The Western and Southern regions of sub-Saharan Africa had the highest growth in 
road deaths of any region in the world, more than doubling over this period.

•	 Road injuries are the 7th leading cause of death in males in sub-Saharan Africa. They are the 13th 
leading cause of death in females, compared with 18th globally. The road injury death rate for females 
in Western sub-Saharan Africa is more than twice the global average and almost five times the rate 
in Western Europe. 

•	 Road injuries pose a high burden over the entire life course in sub-Saharan Africa, impacting not just 
young adults but also children and the elderly. Among children aged 1-4 years, road injuries are the 8th 
leading cause of death in the region. Among adults aged 70+ years, road injuries are the 12th leading 
cause of death and 14th leading cause of healthy life years lost, compared with 26th and 23rd globally.

•	 Pedestrians comprise 44% of road deaths in sub-Saharan Africa, substantially more than the global 
average of 35%. The rate of pedestrian deaths in Western sub-Saharan Africa is 8 times the rate in 
Western Europe.

•	 Nigeria has the highest road injury death rate (52.4 per 100,000 people) of any country globally. 
Mozambique has the third highest death rate (46.7 per 100,000). These rates are more than 15 times the 
death rates in Sweden, UK, and the Netherlands, which have among the lowest death rates globally. 

•	 Four countries (Nigeria, Ethiopia, South Africa, and Sudan) together account for half the road injury 
death toll of sub-Saharan Africa. 
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Road safety has emerged as an important health priority in sub-Saharan Africa. Trends over the last two 
decades show that road injury rates in the region have remained at among the highest in the world even 
though substantial improvements are being made in controlling other diseases, such as tuberculosis, malaria, 
and diarrheal disease. Unless significant preventive efforts are undertaken, road safety will continue to 
climb in regional health rankings during the UN Decade of Action for Road Safety. National governments 
and the international development community need to prioritize road safety in the region and implement the 
recommendations of the 2004 World Report on Road Traffic Injury Prevention.
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Chapter 1: Introduction



The need for reliable statistics in the UN Decade of Action
The United Nations (UN) Decade of Action for Road Safety 2011-2020 was launched in May 2011 with the 
goal of preventing five million road traffic deaths over 10 years. The launch of the Decade of Action was a 
culmination of substantial efforts by governmental, non-governmental, and international agencies across the 
world including in sub-Saharan Africa. These included the release of the 2004 World Report on Road Traffic 
Injury Prevention by the World Health Organization (WHO) and the World Bank, regional conferences such as 
the 2009 pan-African conference and several UN resolutions calling on governments to improve road safety. 
Numerous co-sponsoring country governments from Africa and worldwide, key UN agencies, and multilateral 
development banks have endorsed the call for the Decade. 

If the Decade of Action is to deliver on its promise to halt the rise in road traffic injuries, it will need to create 
an important change in how development professionals view roads and highways. Transport infrastructure 
is a key contributor to economic growth and human development because it helps connect markets and 
provide access to health care services and education (World Bank, 2008). More particularly, Africa’s deficit 
in the availability of paved roads has been shown to be a key barrier to development (Foster & Briceno-
Garmenida, 2009). Therefore, improving access to all-season roads through low-cost designs is likely to be 
a key goal of the transport sector in Africa for the coming decades. However, simply increasing the stock of 
paved roads will inevitably lead to a concomitant increase in road traffic injury rates. Instead, the Decade of 
Action proposes a vision where highways incorporate safety infrastructure (e.g. median barriers, rumble strips, 
guardrails), motor vehicles include safety features (e.g. crashworthiness design, crash avoidance technology), 
people are encouraged to travel safely via enforcement and large-scale behavior change interventions, and 
all aspects of road safety, including post-crash response, are carefully managed by a suitably empowered 
road safety agency. This vision seeks to transform human transportation from an unmanaged environment of 
high-risk and high-energy interactions between people and vehicles, to a coordinated system in which risks 
are carefully managed, through measures such as segregation of transport modes and engineering of vehicles 
and infrastructure to make crashes more forgiving when they occur. 

In order to justify the investments needed in safe transport systems, we need to estimate the social costs 
imposed by road traffic crashes and compare them with the range of other problems that threaten human 
health and wellbeing. The poorest regions of Africa have high rates of deaths from communicable, maternal, 
neonatal and nutritional causes. In regions that are undergoing rapid economic development there are rising 
rates of non-communicable diseases as well. In such a context, the Decade of Action will get the political 
and financial attention it needs only if we can show the relative importance of road safety to health and 
development in the region. 

Therefore, the question before us at the beginning of the Decade is not whether road injuries pose a big 
problem in sub-Saharan Africa but how do they compare with other threats faced by the region. The Global 
Burden of Disease 2010 (GBD-2010) project provides one answer to this question through a systematic and 
scientific effort to quantify the comparative magnitude of health loss due to diseases and injuries, including 
road injuries by age, sex, and country. We present results from 1990 to 2010 allowing us to see not only how 
road injuries rank relative to other health issues in countries across sub-Saharan Africa, but also their relative 
evolution. The outputs – leading causes of death and ill health – can provide countries, regions, and the global 
development community guidance on how to prioritize road safety in their health and development agendas. 

In addition to making the case for road safety in the national agenda, countries in sub-Saharan Africa that 
make the commitment to address the problem need reliable statistics for managing their progress towards 
safety. They need dependable information to develop road safety strategies, identify suitable interventions, 
set achievable safety targets and monitor progress towards achieving them. Although the primary focus of 
GBD-2010 is to construct reliable estimates of national health metrics for all diseases, the results of this 
analysis allow explicit comparisons with other data systems, such as traffic police, that are commonly used 
as a source of official national road injury statistics. 
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The poor state of knowledge about road injury metrics  
in sub-Saharan Africa
Unfortunately, the state of knowledge about the incidence and burden of road injuries in sub-Saharan Africa 
has remained dismal. In our 2011 report, Road Injuries in 18 Countries, we showed that official government 
statistics of road injuries in most low- and middle- income countries globally, and especially in sub-Saharan 
Africa, are substantially lower than statistically modeled national estimates (Bhalla et al. 2011). Most 
researchers and agencies were already aware that non-fatal crashes are severely underreported in official 
statistics. However, the 18 Countries Report highlighted that even death counts in official statistics are likely 
much lower than reality in many countries. The 18 Countries Report compared official government statistics 
compiled by the 2009 Global Status Report on Road Safety (WHO, 2009) with modeled estimates and found 
that in many developing countries estimates of road deaths were more than twice, and in many sub-Saharan 
African countries more than six times, the deaths reported in official government statistics.

Constructing national estimates of road injuries to validate official statistics is analytically challenging in sub-
Saharan Africa. Most countries in the region have little infrastructure for large-population health surveillance. 
Therefore, most previous work in estimating the regional incidence of road injuries in sub-Saharan Africa 
has not used local measurements. Instead such estimates have relied on statistical models that predict road 
injuries based on national income or vehicle stocks. For instance, the recently released 2013 Global Status 
Report on Road Safety (WHO, 2013), only used health statistics from three sub-Saharan African countries – 
South Africa, Mauritius, and Zimbabwe – that together only account for 7% of the regional population. 

However, although national health surveillance systems are rare in Africa, our report demonstrates that there 
are many sub-national sources of information that can be used to triangulate to estimates of the burden of 
road injuries. Typically, most countries in sub-Saharan Africa have a patchwork of data sources that include 
incomplete vital registration systems, small population demographic surveillance systems, urban mortuary 
and burial registers, hospital registries, among other sources. Most of these sources have never been used to 
construct estimates of national and regional road traffic mortality because this requires substantial analytical 
work and the results have substantial uncertainty.  

It is, of course, important and urgent to invest in health surveillance infrastructure in the most information-
poor settings. However, we must also recognize that it is unlikely that in many countries such infrastructure 
will not be available in the near future. In fact, despite repeated calls for investing in improving infrastructure 
for vital registration systems in Africa, there has been little improvement in such systems in several decades 
(Mahapatra et al., 2007). The call for the UN Decade of Action for Road Safety makes it clear that we cannot 
wait for data systems to improve in the poorest regions of the world before investing in road safety. If the 
Decade is to succeed, it needs large financial and political commitments and that requires a clear assessment 
now of the burden of road injuries compared with other threats that confront society. 

The Global Burden of Disease and Injury Study
In this report we address the challenge of producing comparable estimates of the burden of road injuries in 
sub-Saharan Africa relative to other health threats that confront the region. Our analysis was done as a part 
of GBD-2010, which is the only comprehensive effort to estimate deaths and non-fatal health outcomes for 
the world. The results from the first revision of the study, GBD-1990 have proven immensely influential in 
shaping global health priorities and on shining the light on neglected diseases. For instance, GBD-1990 brought 
malaria and depression to the world health agenda (Murray & Lopez, 1997). Importantly, these results also 
showed for the first time that road safety was a leading and growing health concern not just in the highly 
motorized parts of the world but also in low- and middle-income countries. Estimates from the GBD study 
were the source of much of the statistical information provided in the 2004 World Report on Road Traffic 
Injury Prevention (WHO, 2004) that helped initiate the political processes that culminated in the declaration 
of the UN Decade of Action. 
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The broader GBD-2010 study and our specific work on road injuries involve several innovations that have 
important implications on the study findings. A key advancement is the large amount of local epidemiological 
data from sub-Saharan Africa that have been incorporated in this assessment of global disease and injury 
patterns. We worked within an overarching GBD vision of incorporating all possible sources of information 
in a region after careful correction of biases. A substantial project-wide effort was made to incorporate data 
from vital registers, sample registration systems, and demographic surveillance systems, among many others, 
in all global regions. We coupled this broad search with a targeted effort to improve data from the sub-Saharan 
Africa regions. Chapter 2 (Data Sources) describes the specific data sources and their regional availability 
and paints a picture of a world that is much richer in epidemiological data than previously believed.

Handling the large amounts of data, and the non-traditional nature of most of the data sources from sub-
Saharan Africa, required the development of new analytical approaches and tools. These methodological 
innovations ranged from improved methods for identification and reattribution of cases coded to poorly 
defined causes, to the development of ensemble modeling for estimating causes of death from a wide range 
of statistical models. Another important analytical innovation was in weaving together vastly different types 
of data into a coherent set of estimates of non-fatal injuries. We developed a model to link incidence of road 
injury estimates derived from a large collection of national and sub-national household surveys, mappings 
from external cause to health outcomes developed from hospital data, and estimates of long term disability 
based on a set of recent follow-up studies. These methods rely on many assumptions and will likely undergo 
substantial refinements in the years to come. However, this is the only known attempt at large-scale coupling 
of empirical data to construct global estimates of the burden of non-fatal road injuries. Chapter 3 (Methods) 
describes these methodological innovations in more detail.  

These analyses allow us to generate explicit comparisons of the problem of road safety with other health 
problems at the national and regional levels in sub-Saharan Africa, which we describe in Chapter 4 (Results). 
In addition to relative comparisons with other diseases, we provide estimates of the absolute magnitude of 
road injury rates. Further, we compare our national road injury mortality estimates with official government 
statistics to illustrate the extent of national underreporting. In addition to deaths, we provide national estimates 
of the incidence of non-fatal road injuries. These are the first comparable statistics of non-fatal road injury 
incidence ever estimated for the region.

Finally, in Chapter 5, we discuss the implications of this report focusing on road safety policy and future 
directions for research in road safety metrics. 
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Chapter 2: Data Sources



Overview of data collection
Our basic guiding principle is that estimates of the burden of disease and injury should be generated through 
the careful analysis and correction for bias in all sources of information available in a region. Thus, we 
attempted to get access to all empirical measurements that could help inform estimates of the incidence of 
fatal and non-fatal injuries in sub-Saharan Africa. The broader GBD-2010 study undertook a project-wide effort 
to identify and acquire all relevant data sources for all diseases in all global regions. The Injury Expert Group 
of GBD-2010 aided these efforts via focused attention to improve access to global injury data (Bhalla et al. 
2009). This hunt for data sources was conducted with a strategic focus on tracking the regional availability 
of data sources for mortality and morbidity and working to fill the information gaps. As we illustrate in this 
chapter, the quality of information available to estimate the burden of injuries varies substantially across the 
world -- dividing the world into information-rich and information-poor regions. In some countries there are 
many sources of data for estimating both the incidence of deaths and non-fatal injuries from road crashes. 
In many others, the data sources for estimating deaths are fairly reliable but sources for estimating the 
incidence and burden of non-fatal injuries are not. And, in several others, there are comparatively few data 
sources available that allow population-based estimates of the incidence and public health burden of injuries. 
In these countries and regions, available data may not represent the entire national population, may have 
biases towards certain causes of diseases and injury, and may be poorly coded.

Our preliminary assessment of data availability for estimating the global burden of injuries identified the 
sub-Saharan Africa regions as the most information-poor regions of the world. Therefore, in this project we 
undertook a special effort to identify and acquire data sources in these regions that have not been traditionally 
used for estimating the burden of injuries. We conducted snowball searches of the published and gray literature 
from Africa, discussed data sources with regional experts, and worked closely with collaborators in seven 
countries to understand the architecture of local data sources and develop strategies for incorporating key 
data sources in the GBD analysis. We developed national and regional data source inventories and reviewed 
these with international and regional experts at two meetings (Boston, USA, 2009, and Swansea, UK, 2010) 
of the GBD Injury Expert Group. 

When data sources were identified, we requested access to information as follows. We invited local collaborators 
to provide us with individual-record data, which would allow us to extract point estimates of various parameters 
classified to our definitions. When such data access was not feasible, we requested collaborators to provide 
tabulations extracted to our specifications (e.g. coded to GBD-2010 cause, age-, and sex- categories). Finally, 
when such analysis of data by our collaborators was not possible, we requested access to reports and 
publications that presented the most detailed results from the datasets. 

In the following sections, we highlight the various forms of data sources that we used to estimate the mortality 
and morbidity burden of injuries in sub-Saharan Africa. Wherever possible, we compare regional data availability 
with global data availability to highlight data weaknesses in the region. Our focus here is only on the data 
sources directly relevant to estimating road injuries. However, it should be noted that the estimates of the 
regional burden of disease involved many other data sources collected by the broader GBD-2010. These data 
are indirectly relevant to road injury estimates because the analytical structure of the project cross-links 
estimates of different diseases. 

18  |  Burden of Road Injuries in Sub-Saharan Africa



Data sources for estimating road injury mortality

Vital registration
Traditionally, public health researchers estimate national cause-specific mortality through analysis of data 
reported in national vital registration systems. Most countries around the world have civil registration systems 
that aim to provide individuals with an official government record of births and deaths that can be used for 
establishing legal status, nationality, and inheritance. In many countries, civil registers also include information 
about causes of death certified by a medical professional (Figure 2.1), giving civil registration the potential to 
be one of the most comprehensive sources for tracking national cause-specific mortality patterns. As a result, 
the availability and quality of vital registration statistics has received substantial attention in the global health 
literature (Hill et al., 2007, Mahapatra et al., 2007). 

Figure 2.2 compares the availability of death registration data from countries in sub-Saharan Africa with 
countries in other regions. The figure illustrates that relatively few country-years of vital registration data 
were available from countries in the sub-Saharan Africa regions to GBD-2010. Even when available, much 
of the vital registration data from these countries has low completeness, often only covering selected urban 
centres, and uncertain quality of coding of causes of death (Mahapatra et al., 2007). Therefore, with a few 
exceptions such as South Africa, data from vital registers in sub-Saharan Africa are a relatively poor source 
for estimating the national incidence of injuries. However, they provide valuable information for the national 
sub-populations that they cover. In contrast, long time-histories of data are available from many regions of the 
world, including many low and middle-income regions. These include most countries in the Latin American 
regions, and Central and Eastern Europe, where national death registers are relatively complete, have high 
coverage, and relatively good quality of coding for estimating the national burden of injuries (Bhalla et al., 2010). 

Figure 2.1 Cause of death section of a sample medical certificate of death
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Figure 2.2 Global distribution of national vital registration datasets used for estimating injury mortality in GBD-2010

Verbal autopsy 
In the absence of high quality vital registration systems in sub-Saharan Africa, alternate sources for estimating 
cause-specific mortality are particularly important. One approach for this involves assessing causes of 
death via a verbal autopsy, where family members of the deceased are asked about the circumstances and 
symptoms prior to death. Verbal autopsies may be conducted as large sample surveys or as part of surveillance 
in smaller communities. The process typically involves a team of trained researchers who use a structured 
list of questions (Figure 2.3). The validity of the causes of death identified by verbal autopsy methods has 
received substantial attention in recent years. In comparison with other causes of death, road injuries are 
usually identified accurately using verbal autopsies (Murray et al., 2007).

Figure 2.4 shows the global distribution of countries for which we used verbal autopsy data as an input 
for estimating road injury mortality. The figure shows that verbal autopsy data were available from many 
countries in regions that are poorly covered by vital registration systems. Notably, data were available from 
many countries in the sub-Saharan Africa regions, typically from Health and Demographic Surveillance Sites 
(HDSS) that monitor health of populations in rural communities. Many of these HDSS sites belong to the 
INDEPTH network and are among the only data sources available for estimating rural mortality patterns in 
sub-Saharan Africa. Figure 2.5 illustrates the injury death fraction (i.e. the fraction of all deaths that are due 
do injuries) at nine HDSS sites. 
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Figure 2.3 Questions related with road injuries in a typical verbal autopsy questionnaire
Source: World Health Organization, 2012, Verbal Autopsy Standards: The 2012 WHO verbal autopsy instrument Release Candidate 1, 
Geneva: World Health Organization.

Figure 2.4 Global distribution of verbal autopsy datasets used for estimating injury mortality in GBD-2010
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Figure 2.5 Injury death fractions reported at nine HDSS sites in sub-Saharan Africa
Source: Estimated from data for the period 1999-2002 provided by the INDEPTH Network to GBD-2010

Mortuary and burial registers
Even in countries that do not have a properly functioning vital registration system, local law can require a 
range of medico-legal practices that can create opportunities for obtaining statistics related with causes of 
injury deaths. Our investigations in sub-Saharan Africa revealed that the mortuaries attached to hospitals in 
the main urban centers of many countries routinely conduct investigation into the causes of deaths that do 
not have a history of disease. The findings from these investigations are usually recorded either digitally or 
in paper registers. Similarly, in many countries in the region, laws require relatives to obtain a permit before 
a dead body can be buried or cremated. The government offices issuing these certificates often keep records 
that identify causes of death as reported on the medical death certificate, if available, or as reported by the 
individual requesting the permit. 

We expect relatively high quality of coding of road injury deaths in such data. Mortuaries typically employ 
trained professionals, who are often trained as forensic pathologists, and accurately identifying the causes of 
death is a primary focus of these investigations. Although causes listed in burial registers do not involve similar 
investigative efforts, our investigations comparing burial data with verbal autopsies in Ethiopia suggest that 
road injury deaths are accurately coded. This is likely because unlike most other causes of death, external 
causes of injury deaths are relatively easy to identify by lay reporters.

Therefore, we conducted a substantial effort aimed at identifying mortuaries and burial permit offices in sub-
Saharan Africa. Whenever possible, we digitized existing data on causes of death available from mortuary 
and burial registers. In addition, we searched the published and gray literature for studies conducted at such 
sites and extracted information on causes of death. 

Figure 2.6 shows the distribution of countries from sub-Saharan Africa for which we used mortuary and burial 
permits for estimating road injury mortality. Tables 2.1 and 2.2 provide locations, time period and case counts 
for the eight mortuary datasets from sub-Saharan Africa. 

Our analysis of mortuary data revealed that the cause-of-death patterns were substantially biased towards 
injury deaths as expected from the medico-legal framework in which the mortuaries function. This bias implies 
that mortuary data cannot be used to estimate patterns for all causes of death. Thus, in our analysis, the use 
of mortuary data is restricted to identifying causes of injury deaths. Figure 2.7 illustrates the external causes 
of injury deaths that were recorded at these mortuaries. 
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Figure 2.6 Distribution of verbal autopsy datasets from sub-Saharan Africa used in GBD-2010

Table 2.1 Location of the mortuaries in seven countries in sub-Saharan Africa that contributed data to GBD-2010

Table 2.2 Duration and case counts for mortuary data from sub-Saharan Africa
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Figure 2.7 External causes of injury deaths recorded in mortuaries in sub-Saharan Africa 

National population censuses and large sample surveys
Censuses are conducted decennially in most countries to generate information on the size and distribution 
of national population for planning and administration. A census, which in principle involves canvassing 
all households, may be followed by a large post-census nationally representative sample survey. In recent 
years, such surveys in many countries have included questions about household deaths in the previous year 
with the aim of estimating adult mortality and maternal mortality. Further, in order to improve estimates of 
maternal mortality, these surveys often include a “weed-out” question asking if the death was due to injury 
or violence. Figure 2.8 illustrates the mortality module from a typical questionnaire that was used in the 2008 
census in Sudan. In such cases, the census data are a useful source of information for constructing national 
estimates of deaths that occur from external causes. Although road injuries are not specifically identified 
in most censuses, the accurate estimates of injury totals derived from census data, substantially reduces 
uncertainty in estimates of all sub-categories of injuries, including road injuries.  

We checked the questionnaires for all household censuses conducted in sub-Saharan Africa in the last 
three decades and identified those that include questions that could be used to estimate injury mortality 
rates. Table 2.3 lists the country-year for which census data was available to GBD-2010. Next, we identified 
organizations that held the data for these censuses and worked with them to acquire tabulations of injury 
mortality disaggregated by age-, sex- and urban-rural. 

Since census data has never before been used to estimate injury mortality pattern, we tested the face validity 
of the results in one country. South Africa is the only country in sub-Saharan Africa with a relatively complete 
death registration system. The 2001 census in South Africa included questions on injury mortality. Similarly, 
a large nationally representative community survey in South Africa in 2007 also included questions that 
allowed measurement of injury mortality. Thus, we compared the age-sex- specific injury death fractions (i.e. 
the fraction of all-cause deaths that are due to injuries) from the census and the death registration system for 
these two years (Figure 2.9). We found that in both cases the estimates based on census data closely tracked 
those based on vital registration providing important face-validity to censuses as a data source for estimating 
injury mortality rates in sub-Saharan Africa.
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Figure 2.8 Questions related with injuries in the mortality module of a typical census
Source: 2008 Census Questionnaire, Sudan Central Bureau of Statistics 

Table 2.3 Census datasets from sub-Saharan Africa that were used to estimate injury mortality in GBD-2010
* Large nationally representative household surveys
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Figure 2.9 Injury death fractions measured in the 2001 South African Census and the 2007 South African Community Survey 
compared with estimates from national death registration data from the same years. 

Sibling mortality surveys 
Several health survey programs, notably including the World Health Surveys and Demographic and Health 
Surveys, include sibling mortality modules that aim to estimate adult mortality by asking respondents about 
sibling survival. As with the post-census surveys discussed above, these surveys occasionally include weed-out 
questions aimed at improving estimates of maternal mortality. In addition, some surveys, such as the WHS, 
include a verbal autopsy module asking about causes-of-death (Figure 2.10). Thus, we undertook a systematic 
search for surveys that included sibling mortality questions in sub-Saharan Africa and extracted estimates of 
injury and road injury mortality, wherever possible. Figure 2.11 shows the global distribution of these surveys 
and highlights the availability of such information from countries in sub-Saharan Africa.

Figure 2.10 Example of questions related with injuries in the sibling mortality section of a health survey
Source: 2003 World Health Surveys Questionnaire
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Figure 2.11 Sibling mortality surveys that were used in our analysis of global road injury mortality

Traffic police reports
In most countries, statistics of deaths from road injuries are available from national traffic police. These 
statistics are usually the basis of official government statistics of national road injury deaths. We obtained 
traffic police data from the 2009 WHO Global Status Report on Road Safety, which provides a systematic 
compilation of official statistics from almost all countries in sub-Saharan Africa. Our initial assessment of 
these official statistics suggested dramatic underreporting of road deaths especially in the most information-
poor regions. Thus, the primary use of the police reports in our analysis was to estimate the proportions of 
total road injury deaths that correspond to the various sub-categories of road users. 

Data sources for estimating road injury morbidity
While road crashes are the external cause of health loss, the morbidity itself is due to the resulting sequelae, 
i.e. the nature of injuries (e.g. spinal cord injury, traumatic brain injury) resulting from the crash. Thus, 
measuring the burden of non-fatal road injuries has three key aspects. First, we need to estimate the incidence 
of non-fatal road crashes. Since the incidence of crashes depends on local transport characteristics, it can vary 
substantially across countries and regions. Thus, it was important for this project to acquire population-based 
estimates of the incidence of road crashes from household surveys from as many countries in sub-Saharan 
Africa as possible. Second, we need to convert incidence of road crashes into estimates of the incidence of 
the various sequelae of road crashes. Characterizing this relationship of external causes to sequelae requires 
high-quality hospital databases. To a large extent, the distribution of the nature of injuries resulting from a 
road crash is independent of country and region. Thus, regional diversity in data sources was considered less 
important for hospital databases used in this aspect of the project than geographic diversity in data sources 
for estimating incidence of road crashes. Finally, we need to estimate the short-term and long-term disability 
due to these sequelae. This information is available from studies that track the health of patients over the 
months and years following an injury. In the following sections, we describe the key data sources that we 
used for each of these aspects of estimating the burden of non-fatal road injuries.
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National and community household surveys 
The primary use of survey data in our models is to construct estimates of the incidence of non-fatal road 
injuries in the four sub-Saharan African regions (East, West, South, and Central). As with other data sources, 
we conducted an extensive search for survey data via snowball literature searches and direct communications 
with injury researchers. Once a household survey was identified, the owner of the data was contacted 
and access to raw data was requested. If they could not provide raw data, we requested access to specific 
tabulations of measurements to GBD definitions. When no data was available from the researcher or agency 
that conducted the survey, we extracted data from any publications (journal articles, reports, web-tables) 
that reported results from the survey.

While all of these household surveys included the measurement of road injury incidence as one of their aims, 
they nevertheless used widely varying instruments (questionnaires) to conduct such measurements. This 
variation in survey instruments reflects the lack of consensus among researchers about how the incidence of 
injuries should be measured in the field. Web-Appendix 1 includes the survey questionnaires from all surveys 
analyzed and Figure 2.12 illustrates a typical injury module. 

Table 2.4 lists household injury surveys from Africa and identifies those surveys for which we had access 
to survey microdata. In order to standardize the estimates across the wide range of survey instruments, we 
developed methods for mapping across varying definitions. In particular, we used the World Health Surveys to 
estimate a recall curve for injury surveys and used the US National Health Interview Surveys to estimate the 
fraction of injury events that result in disability exceeding one-day. We mapped measurements of incidence 
of various medical care categories used in the surveys to the following three types: hospital admissions; care 
provided at a formal medical institution; all injuries regardless of care. The estimates of incidence extracted 
from this collection of surveys after these adjustments are shown in Web-Appendix 1.

Figure 2.12 Questions related with non-fatal road injuries in a typical household health survey 
Source: 2003 World Health Surveys Questionnaire
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Table 2.4 Household surveys of injury incidence in sub-Saharan Africa
*  WHS: World Health Survey; GSHS: Global School-based Health Survey; DHS: Demographic and Health Survey; CWIQ: Core Welfare 

Indicators Questionnaire
** Indicates if microdata was available to us for analysis or if data extracted from published tables
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Hospital records 
Hospital databases rarely cover entire national populations making them a poor source for estimating the 
population incidence of injuries. However, they contain detailed medical descriptions of the sequelae of road 
crashes, which are needed for estimating the disability burden of injuries. In our analysis of the burden of 
injuries, the primary use of hospital databases was to convert estimates of the incidence of external causes of 
injuries (e.g. road injury, drowning) into estimates of the incidence of sequelae of injuries (e.g. traumatic brain 
injury, hip fracture). In order to construct this mapping from external cause to sequelae, we needed access 
to hospital databases that track both external causes of injuries as well as sequelae. Further, in order to be 
able to construct age- and sex- specific mappings of external causes to sequelae, we needed access to these 
data at the level of unit records (microdata). Figure 2.13 shows the global availability of hospital records for 
such analysis. Most countries in this hospital database were from Western Europe, North America and from 
Latin America. However, the database included three sub-national hospital injury surveillance datasets from 
sub-Saharan Africa, one hospital each from Maputo city, Mozambique, Kampala, Uganda, and Lusaka, Zambia. 

Figure 2.13 Geographic distribution of hospital datasets that were used for mapping estimates of non-fatal road injury incidence 
into estimates of the incidence of the injury sequelae in GBD-2010

Prospective studies on long-term disability following injuries 
Most past work aimed at estimating the global and regional burden of injuries has relied on ad hoc assumptions 
about the long-term disability outcomes of injuries. However, recent studies that conducted prospective 
follow-up of victims make it possible to generate empirical evidence of health outcomes. We relied on four 
such studies (Table 2.5) to estimate the probability that an injury results in permanent reduction of functional 
capabilities. None of these studies were from sub-Saharan Africa or from developing countries. The use of 
disability outcomes data from high-income countries to estimate the burden of non-fatal injuries in developing 
countries is an important source of uncertainty in the GBD-2010 analysis. 

The Medical Expenditure Panel Survey (MEPS) is a large-scale overlapping continuous panel survey of United 
States non-institutionalized population. The primary purpose of MEPS is to collect information on the use 
and cost of healthcare. Panels are two years long and are conducted in 5 rounds, which are conducted every 
5 to 6 months. A new panel begins every year, while the last panel is in its second year. Each panel typically 
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contains about 30-35 thousand individual respondents. In 2000, MEPS began collecting responses using the 
12-Item Short Form Health Survey (SF-12) that assesses health related quality of life. We used pooled MEPS 
data from 2000 to 2009 for our analysis. 

The Dutch Injury Surveillance System data come from a sample of injured patients who visited emergency 
departments in the Netherlands between 8 October 2001 and 31 December 2002. Follow-up data were collected 
via postal questionnaire at 2½, 5, 9, and 24 months after the injury. 10,612 individuals were included in the 
dataset from all ages. Health status was recorded using the EQ-5D form, which is a standardized instrument 
developed by the EuroQol group for clinical and economic appraisal of health status. The EQ-5D form has 
5 questions with 3 levels of response, and therefore allows 243 possible health states. 

The South Carolina Traumatic Brain Injury Follow-up Registry (SCTBIFR) includes a sample of South Carolina 
residents, age 15 or older, that were discharged from an acute care hospital in South Carolina between 1 
January 1999 and 30 June 2002 with a traumatic brain injury-related hospitalization. 2118 individuals were 
included in the dataset. Follow-up was done one, two, and three years after the injury, and health status was 
recorded using the 36-Item Short Form Health Survey (SF-36), of which SF-12 is a shorter adaption. Conditions 
in SCTBIFR were recorded using ICD-9CM abstracted from medical records. 

The National Study on Costs and Outcomes of Trauma (NSCOT) is a prospective study that examines the 
outcomes of trauma patients followed-up at 3 and 12 months. Original data included 5,191 patients with 
complete baseline data, of which 3,151 were interviewed at 12 months. SF-12 summary scores were given for 
both follow-ups. ICD-9CM codes were abstracted from medical records and pre-existing comorbidities were 
abstracted from medical records, the Charleston Comorbidity Questionnaire, and Medicare claims. The NSCOT 
included only patients with a diagnosis with a score 3 (severe) or higher on the Abbreviated Injury Scale (AIS). 

Table 2.5 Follow-up studies that were used in GBD-2010 to characterize the duration of disability following injuries
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Chapter 3: Methods



Definitions
The definition of what is an injury, and what is not, poses a theoretical challenge that can have important 
implications for estimating the burden of injuries. The conception of injuries most commonly used by public 
health professionals refers to sudden and discernable damage to the body due to energy exchange. However, 
as discussed by Langley and Brenner (2004), this description leaves several issues unresolved. For instance, 
what constitutes damage to body, what is the threshold of energy exchange rate that separates a disease from 
an injury, should surgical incisions be considered injuries, and should body damage include psychological 
harm? Clearly, the answers to these questions can have a large effect on the public health burden attributed 
to injuries. 

Although GBD-2010 aimed to use an energy definition of injuries, what is included in the definition is best 
understood by the operational decisions in the study. Following the most common approach in the injury 
community, GBD-2010 operationalized injuries as all of the pathologies that are included in the ICD-9 and 
ICD-10 chapters that bear the name of injury. Further, GBD-2010 defined a lower threshold of injury severity 
and restricted the scope of the definition to events that impeded usual activities for one day or longer. This 
injury threshold was operationalized by modeling three types of injuries: deaths due to injury, non-fatal injuries 
warranting hospitalization (“injury warranting hospital care”) and non-fatal injuries warranting treatment by 
a health care professional but not hospitalization (“injury warranting other health care”). In this definition, 
an injury warranting care is an injury that would have received care if adequate medical facilities had been 
available. Thus, the injury thresholds used are an indicator of injury severity and not whether the cases in 
fact led to hospitalization or other health care. 

The ICD-based external cause definitions of road injuries used in GBD-2010 are shown in Table 3.1. Note that 
our definitions do not distinguish between traffic and non-traffic injuries. Instead our definitions follow the 
logic that a road injury is one that involves a collision with a vehicle intended for use in road transportation. 
Thus, this definition of road injuries excludes injuries that involve vehicles not intended for road use, such as 
farm tractors and snowmobiles, even if such injuries occur while these vehicles are being operated on a road. 
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Table 3.1 ICD-based operational definition of road injuries in GBD-2010

Pre-analysis of Input Data
We undertook a substantial effort to harmonize the vast variety of data sources described in the previous 
chapter. Most of the data sources used in GBD-2010 are secondary data that were not originally collected 
for estimating the global incidence and burden of injuries. As a result, the data sources were provided to 
the project in a wide range of formats – including unit-record, detailed tabulations, summary tables, among 
others. Furthermore, many of the datasets were from administrative data systems not intended for health 
surveillance and had poorly coded information. For these reasons, it was essential to clean the data and map 
them to a common set of definitions prior to analysis. 

A detailed description of how the data was pre-processed prior to analysis has been reported elsewhere 
(Lozano et al. 2012, and Vos et al. 2012). In summary, we undertook the following six steps to harmonize the 
collected data:
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1. Assessing completeness of mortality data sources 

We assessed the completeness of vital registration and sample registration data points using the most accurate 
variants of death distribution methods: synthetic extinct generations, the generalized growth balance method, 
and a hybrid of the two, as described in Wang et al (2012). Among adults, i.e. the age group most at risk of 
road injuries, there were few vital registration or sample registration data points with completeness below 
70% in our data collection. 

For small-scale studies that collect data through household recall (e.g. verbal autopsy studies), past work 
has shown that there is a substantial undercount of deaths. For our work, the parameter of primary interest 
was the proportion of deaths by various causes and we assumed that the patterns of recalled deaths are the 
same as deaths that are not recalled. 

2. Mapping across different coding schemes used in the underlying data

Many of the data sets used in our analysis were coded using various revisions of ICD, which have evolved from 
ICD8 to ICD10 during the study period of 1980-2010. In addition there are national variants and condensed 
lists of ICD (such as the ICD-9 Basic Tabulation List) that were commonly used in the data. It should be 
noted that many of the variants and condensed versions of ICD do not code the subtypes of road injuries 
shown in Table 3.1. We developed mapping from these various classification schemes to the GBD-cause list. 

3. Reattribution of poorly specified cause codes in mortality data

The various ICD revisions include many codes that should not be identified as underlying causes of death but 
are commonly used as the underlying cause of death on death certificates. In addition, there are commonly 
used ICD codes that have less specificity than the GBD-cause list. For instance, road injuries could be 
assigned to ICD10-X59 (“Accidental exposure to other and unspecified factors”). GBD-2010 addressed this 
issue by identifying causes that should not be assigned as underlying cause of death, including 2759 codes in 
ICD10 and 3382 codes in ICD9, and identifying potential underlying causes based on pathophysiology. Deaths 
coded to these were then reallocated based on published literature, expert judgment, statistical analysis, and 
proportionate allocation across target causes. 

4. Age- and sex- splitting of data

Although GBD-2010 produced estimates for 40 age- sex groups, data was often provided to us in more aggregate 
age groups and with different age categories. In such cases, the data was split using the global observed pattern 
of relative risks of death for a cause by age and the local distribution of the population by age. Relative risks 
of death by age were computed for each cause using the entire pooled dataset on medically certified causes 
of death. Similarly, where studies report deaths for both sexes combined, a similar approach was used to 
allocate these deaths to age-sex groups.

5. Smoothing 

When data are disaggregated by country, age-, sex- and cause-, the number of cases in some cells can be very 
low and have relatively large stochastic fluctuations. Therefore, in cases where multiple years for a country-
cause-age group were observed with zero deaths, we used a standardized smoothing algorithm, essentially 
a type of moving average. 

6. Outlier detection

Data from some sources appeared implausible when compared with the bulk of other available information. 
Such outliers can have substantial effects on time series estimates. Therefore, we identified outliers that 
met the following criteria: large inconsistency with other data for the same cause in the same country at the 
same time; large inconsistency with other data for similar countries; or disproportionate effect on time series 
estimation. Observations that were identified as outliers were excluded from subsequent analysis.  
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7. Adjusting for measurement biases in survey data

Household surveys that ask respondents about past injury events are framed in a variety of ways that can 
result in biases in the estimate. We adjusted for these definitional differences by constructing adjustment 
factors. For instance, surveys are known to underestimate incidence of non-fatal road injuries depending on 
the duration of the recall period. Therefore, we constructed a correction function for recall bias using data 
from the World Health Surveys, which included a question asking respondents about when the injury occurred. 
We applied this correction to standardize incidence estimates across the wide range of recall periods used 
in household surveys. 

Analytical Strategy 

Overall
GBD-2010 used six different modeling strategies for estimating mortality from various causes depending on 
the cause and the strength of the available data. We used Cause of Death Ensemble Modeling (CODEm) to 
estimate deaths from road injuries and the various road-user subtypes disaggregated by age, sex, country, 
and year for all countries from 1980 to 2010. 

To estimate the burden of non-fatal outcomes of road injuries, we first constructed estimates of the incidence 
of injuries using household survey data, hospital data, and road injury mortality estimates. Further, we 
used hospital data to construct matrices mapping the proportion of cases of road injuries that resulted in a 
particular nature-of-injury, allowing us to estimate incidence by nature-of-injury. We constructed estimates 
of prevalence using estimated durations and proportions of cases that experience long-term disability and 
computed estimates of years lived with disability by applying disability weights. 

The following sections provide more details of the modeling strategy of each of these aspects. 

Mortality
Our estimates of deaths due to road injuries (and the road-user sub-categories) were constructed using the 
modeling tool CODEm, which has been used extensively in the GBD-2010 project for most major causes of 
death. In recent studies, the CODEm model has been used to analyze maternal mortality (Hogan et al. 2010), 
breast and cervical cancer mortality (Forouzanfar et al. 2011), and malaria mortality (Murray et al. 2012). 
The CODEm methodology has been described in detail by Foreman et al. (2012) and a detailed application 
to GBD-2010 is described by Lozano et al. (2012). In the following section, we summarize and highlight some 
key aspects that are relevant to the estimates of road injury mortality. 

The CODEm modeling strategy is based on the following three steps. First, a large range of plausible statistical 
models is developed for each cause. All possible permutations of selected covariates are tested and only 
models where the sign on the coefficient for a covariate is in the expected direction are retained. Note that 
for n covariates, this requires testing 2n models. In addition, four families of statistical models are developed 
using covariates: mixed effects linear models of the log of the death rate, mixed effects linear models of the 
logit of the cause fraction, spatial-temporal Gaussian process regression (ST-GPR) models of the log of the 
death rate, and ST-GPR of the logit of the cause fraction. Following this, ensemble models, or blends of these 
various component models, are developed. Next, the validity of all component models and ensembles is 
evaluated by doing out-of-sample predictions. Thus, part of the data is excluded from the initial models and 
predicted values for the withheld data are compared with the actual observed data. The model or ensemble 
that performs best on such validations is finally selected. 

Our mortality models are single-cause fraction models where the sum of estimated cause-specific mortality 
may not equal the all-cause mortality envelope. Thus, we re-scale deaths from all causes to match the all-cause 
envelope using a simple algorithm called CoDCorrect. The algorithm functions at the level of each draw from 
the posterior distribution of each cause, and accounts for uncertainty such that causes known with higher 
precision are affected less by the re-scaling than causes with large uncertainty. Each cause is processed 
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by CodCorrect to fit in the mortality series of its parent cause at each level. Thus, for instance road injury 
subtypes are rescaled to fit within the estimates of the road injury envelope, which in turn is rescaled to fit 
within the transport injury envelope. 

The choice of covariates and priors and road injuries were based on expert consultation and a review of the 
literature. A covariate that is suitable for these statistical models has a set of important characteristics: First, 
there should be a theoretical reason to expect a relationship between the covariate and road injuries. Second 
measurements of the covariate at the national level should be available for most countries. Finally, data for 
the covariate should be available for most country-years from 1980 to 2005. 

Covariates were classified by level based on their causal distance between the covariate and the cause. Thus 
covariates that are the most proximal, such as alcohol, which directly influences the rate of road crashes, were 
considered as level 1 covariates. However, education is more distally related with road injury rates and was 
classified as a level 3 covariate. Covariate priors indicated the predicted direction in which a given covariate 
will be predictive. For example, it is expected that increased alcohol consumption will be associated with 
increased mortality rates from road crashes, so the prior direction is specified as positive. Based on these 
considerations, eleven covariates were used to model the mortality rate of road injuries and the road-user 
subtypes. These covariates, level and assumed direction for CODEm modeling are listed in Table 3.2. Lozano 
et al. (2012) have provided more details of the mortality analysis method as well as statistical performance 
metrics for the road injury models.

Finally, we convert the age- and sex- specific road injury mortality estimates produced by CODEm into years 
of life lost by multiplying deaths at each age by the age-specific reference standard life expectancy developed 
by Murray et al. (2012). 

Continued next page
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Table 3.2 Candidate covariates, level and assumed direction for CODEm modeling of road injuries and their road-user subtypes

Morbidity
Vos et al. (2012) provide a detailed description of the methods used for estimating the burden of non-fatal 
health outcomes. Figure 3.1 provides a schematic illustration of the steps followed in estimating the burden 
of non-fatal injuries. In the following section, we summarize and highlight key aspects of the methods relevant 
to estimating the burden of road injuries in GBD-2010.

The analysis of the morbidity resulting from non-fatal road injuries poses a special challenge because although 
road injuries and their subtypes are defined by the external cause (e.g. pedestrian struck by motorized vehicle), 

Methods | 41



the functional limitations are determined by the nature of the injury, such as traumatic brain injury or long 
bone fractures. Thus, estimating the burden of non-fatal road injuries involves constructing estimates of 
the incidence of road injuries and the incidence of nature-of-injury. We accomplished this and constructed 
estimates of years lived with disability from road injuries in the following steps:

1. We estimated the incidence of external causes (road injuries and road-user subtypes) of non-fatal 
injuries using available incidence data from household surveys and hospital databases using DISMOD-
MR (Box-1).

2. We constructed estimates of the incidence of road injury sequelae (i.e. nature-of-injury) using mappings 
developed from hospital data.

3. We estimated the probability of developing long-term functional impairment based on pooled data 
from four follow-up studies and constructed equivalent disability weights for each individual at 12 
months after injury. 

4. We estimated prevalence of injuries by accounting for duration and computed burden of non-fatal 
road injury estimates.

Estimating incidence of non-fatal road injuries

Our first step in assessing the burden of non-fatal road injuries was to construct estimates of the country-, year-, 
age-, sex-specific incidence of non-fatal road injury. We accomplished this using DisMod-MR, an integrative 
systems model of disease in a population that generates consistent estimates of injury prevalence, incidence, 
remission, and mortality for each cause of injury. 

The primary source of our data for constructing these estimates was point estimates of road injury hospitalizations 
as reported in hospital databases and household surveys, and road injuries that did not receive medical care 
as reported in household surveys. In addition, we used mortality from road injuries estimated as described 
above, as a covariate in DisMod MR. In essence this introduces an injury pyramid approach to estimating 
non-fatal injuries from deaths, as is commonly done in the injury literature.   

In order to characterize the entire spread of injury severity, we estimated the incidence of two types of non-
fatal road injuries:

- road injury warranting hospital admission, i.e. road injury that would have been hospitalized had 
such medical facilities been available; and

- road injury warranting other health care, i.e. road injury that would have warranted health care 
but not hospitalization had such health care been available. 

It is important to note that these estimates do not refer to actual care received for injuries. Instead they refer 
to injuries that would have received health care had there been no barriers to health care in the particular 
setting. In other words, these are injuries that would have received health care had they occurred in a society 
with full health system access.
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Figure 3.1 Schematic description of the steps followed in the analysis of the burden of non-fatal road injuries in GBD-2010
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In order to produce estimates for these two types of injury severity, we included a “health care” dummy 
variable indicating whether a given data point for incidence represented cases resulting in hospitalization 
(dummy = 0) or cases seeking other health care (dummy = 1). Using the coefficient on the health care dummy 
and the incidence estimations from DisMod MR, we calculated incidence of road injury warranting hospital 
admission and incidence of road injury warranting other health care. 

Estimating incidence of road injury sequelae (nature-of-injury)

In order to construct the incidence of sequelae we used hospital data from 28 countries (from Southeast Asia; 
Central, Eastern, and Western Europe; Central, Southern, and Tropical Latin America; North Africa/Middle 
East; North America High Income; and East Sub-Saharan Africa) with dual coding of discharges by external 
cause and nature-of-injury following ICD9 and ICD10. We mapped ICD nature-of-injury codes in the hospital 
data to a summary list of GBD categories shown in Table 3.3.

We used negative binomial models to estimate the probability that a road injury would result in a particular 
sequela as a function of age, sex, and an indicator variable for developed versus developing countries. We 
created separate models for road injury warranting hospital admission and road injury warranting other 
health care. While the former relied on the full list of hospital databases, the latter relied on the US State 
Emergency Department Databases (SEDD) with data on ER discharges in Arizona, California, Florida, Iowa, 
Massachusetts, North Carolina, New Jersey, and Wisconsin from 2003 to 2008.  

The result of this step in the analysis was a series of matrices, two for each age-sex-region corresponding to the 
need for hospital or other care. Each cell in this matrix gives the fraction of incident cases for each external 
injury cause that has a particular nature-of-injury. We multiplied these fractions by incidence estimates of 
road injuries to obtain the incidence of nature-of-injury resulting from road injury.

Box–1 DISMOD-MR

DisMod-MR is a Bayesian meta-regression tool developed specifically for GBD-2010. 
DisMod-MR estimates a generalized negative binomial model for all epidemiological data 
with two types of covariates (one set that predicts variation in true rates and one set 
related to measurement bias); super-region, region, and country random intercepts; and 
age-specific fixed e�ects. In cases where it is appropriate, one can assume that the inci-
dence, remission, and excess mortality rates have been constant overtime, which allows 
data on incidence, prevalence, excess mortality, and cause-specific mortality to inform 
prevalence estimates. 

The di�erential equations governing the relationship between the parameters of inci-
dence, remission, mortality, prevalence, and duration are well characterized and have 
been used in previous rounds of the GBD. 

DisMod-MR integrates over any observed age range so that data reported for any age 
group can inform the maximum likelihood estimate. In addition, there are study-level 
covariates that allow estimation from within the data of the relationship between di�erent 
case definitions, data sampling, or other methodological variations. The analyst can set 
a reference value for these covariates so that DisMod-MR predictions are for the desired 
reference category. Study level covariates can also be included in the parameters of the 
gamma distribution of the negative binomial. As with any meta-regression tool, coun-
try-level covariates can be included that relate to variation in prevalence or other epidemi-
ological parameters across countries. 

DisMod-MR also allows the analyst to set prior distributions for the ranges of epidemiolog-
ical parameters, the first derivative of parameters with respect to age over di�erent age 
intervals, and the smoothness of estimates with respect to age. Estimation of posterior 
distributions at the region-sex-time period level allows for the regional age-sex pattern to 
vary if the data are strong. 

Vos et al. (2012) provide more details about DisMod-MR.
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Estimating incidence of permanent and short-term disability 

We estimated the proportion of each road injury sequelae that go on to have long-term disability in the following 
steps. First, we produced a pooled dataset of health status measures gathered from four prospective follow-
up surveys: the Dutch Injury Surveillance System, (Melse et al., 2000) South Carolina Traumatic Brain Injury 
Follow-up Registry, (SCTBIFR, 2012), the National Study on Costs and Outcomes of Trauma, (Mackenzie 
et al. 2007), and the Medical Expenditure Panel Survey 2000-2009 (MEPS, 2012). These data allowed us to 
track the relative health of individuals suffering different injuries with a one-year follow-up. 

The analysis was complicated by the need to crosswalk between the health status measures used in the four 
surveys. We accomplished this using the 2000-2003 MEPS, which included EQ-5D responses in addition to 
the SF-12 measures. Also, in order to properly compare these measures with the nature-of-injury disability 
weights to be used in YLD calculation, it was necessary to further crosswalk to disability weight space. 
Therefore, we estimated the effect of each injury on disability after a year using a regression and comorbidity 
correction utilizing uninjured individuals from MEPS as a baseline population. The disability weights evaluated 
by the GBD Disability Weight Survey (Salomon et al. 2011) for each type of injury were assumed to be the 
“full” disability after a year. The model estimated disability weight after a year was then divided by this “full” 
disability, which resulted in the estimated probability of long-term impairment.
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Table 3.3 ICD codes corresponding to GBD-2010 sequelae of injuries  
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Next, we multiplied the incident nature-of-injury cases by the probabilities of long-term injury for injury 
warranting hospital admission and injury warranting other health care by nature-of-injury category, to 
construct estimates of long-term injury. 

For short-term incidence by nature-of-injury, we included all cases of injury warranting hospital admission 
and injury warranting other health care. Dividing cases by population gave us our short-term incidence, 
which we kept divided between short-term incidence of injury warranting hospital admission and short-term 
incidence of injury warranting other health care. This was necessary so that we could later use type-specific 
disability weights and nature-cause matrices to more accurately estimate short-term prevalent YLDs. 

Computing burden estimates (YLD)

Finally, with estimates of short-term and long-term nature-of-injury incidence, we proceeded towards estimating 
their associated burden in YLDs. We summed both types of long-term incidence and applied DisMod-MR to 
estimate long-term nature-of-injury prevalence, assuming remission was equal to 0 and using relative-risk of 
mortality and standardized mortality ratio data from literature reviews, as available.

For short-term disabilities, we directly calculated prevalent YLDs arising from both injury warranting 
hospital admission and injury warranting other health care for each nature-of-injury category by first 
multiplying short-term nature-of-injury duration in years to get prevalence. We then multiplied prevalence 
by population to get prevalent cases and multiplied prevalent cases by short-term nature-of-injury disability 
weights to get prevalent YLD.
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Chapter 4: Results



Burden of road injuries compared with other diseases
Road injuries killed an estimated 231,000 (95%UI: 180,000-306,000) people in sub-Saharan Africa in 2010, 
accounting for almost one-fifth of the global road injury death toll (Table 4.1). The road injury death rate in 
sub-Saharan Africa, 27.0 per 100,000 people, was 40% higher than the global road injury death rate. In addition 
to deaths, there were over 8 million non-fatal injuries, of which 885,000 were severe enough to warrant hospital 
admission if adequate access to medical care were available to the victims. The combined burden of non-fatal 
road injuries in sub-Saharan Africa exceeded 14 million healthy life years lost.

Approximately half of the road injury death toll of sub-Saharan Africa occurred in the Western region (Table 
4.1). This is partly because it is the most populous sub-region. More importantly, the Western region had a 
substantially higher road injury rate of 34.4 per 100,000, 27% higher than the sub-Saharan Africa average and 
78% higher than the global average. The Southern region had the lowest road injury death rate. However, 
we expect that the road injury burden in this region has been substantially underestimated in the GBD-2010 
analysis because of methodological difficulties in processing the vital registration data available from the region. 

Table 4.1 Deaths and healthy life years lost (DALYs) due to road injuries in sub-Saharan Africa in 2010
1 Non-fatal injuries severe enough to warrant hospital admission if adequate access to medical care was available.
2 Non-fatal injuries severe enough to warrant any medical care if adequate access to care was available.
3 Our estimates of road injury deaths in Southern SSA are likely too low. For instance, in South Africa, which has 71% of the regional 
population, the road injury death rate based on national tra�c police statistics is 2.3 times our estimate. See also footnote on Page 72.
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Figure 4.1 Road injury death rates in 2010 in the four regions of sub-Saharan Africa compared with other global regions. 
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.

In fact, sub-Saharan Africa has the highest road injury death rate of all regions in the world (Figure 4.1). 
Western, Central and Eastern sub-Saharan Africa are the three least safe regions of the world. The road injury 
death rates in Western sub-Saharan Africa are more than four times that in Western Europe, which is the 
region with the lowest road injury death rate globally.

The relative importance of road injuries to health in sub-Saharan Africa is similar to the global importance of 
the problem. Road injuries accounted for 2.5% of the total healthy life lost in the region, slightly less than the 
global average of 3.0% (Table 4.1). On the other hand, they accounted for 2.8% of all deaths in sub-Saharan 
Africa, slightly more than the global average of 2.6%. In the Western region, they accounted for 3.4% of all 
deaths, substantially higher than the global average.

Figure 4.2 illustrates the ranking of road injuries as a public health issue relative to other diseases in sub-
Saharan Africa. Road injuries are the 8th leading cause of death in sub-Saharan Africa. They are also the 8th 
leading cause of death globally, and in developing countries. In contrast, road injuries are the 17th leading 
cause of death in developed countries even though they have dramatically higher motorization rates. Road 
injuries rank among the top 10 cause of death in the Western and Eastern regions, ranking relatively low only 
in the Southern region, where our models underestimate road injury deaths. 
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Figure 4.2 Rankings of causes of death, premature mortality (YLL), years lived with disability (YLD), and healthy life lost 
(DALYs) in sub-Saharan Africa regions in 2010. Colors in the heat map show how high a cause ranks in a region. 
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.

Notably, the health loss due to road injuries in sub-Saharan Africa exceeds that from tuberculosis and 
maternal disorders, two conditions that receive substantial attention from the global health and development 
community. As Figure 4.2 illustrates, road injuries are the 10th leading cause of healthy life years lost (DALYs) 
in sub-Saharan Africa ahead of tuberculosis, ranked 11th, and maternal disorders, ranked 15th (not shown 
in Figure 4.2 because it only includes the top 20 global causes). Similarly, road injuries are the 10th leading 
cause of premature mortality (YLLs) in sub-Saharan Africa, ahead of tuberculosis, ranked 11th, and maternal 
disorders, ranked 14th. Among leading causes of death, road injuries rank one place behind tuberculosis with 
a death toll that is only about 20% smaller, but seven places ahead of maternal disorders with almost twice 
as many deaths.
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Transition in health and the growing importance  
of road injuries
Road injuries are emerging as a leading public health problem in sub-Saharan Africa against the backdrop 
of an ongoing transition in population health, away from mostly infectious disease in children to non-
communicable disease and injuries that affect adults. Figure 4.3 shows the ranking of causes of death in 1990 
in sub-Saharan Africa. Comparing this with Figure 4.2 shows that over the last two decades, road injuries 
have risen substantially in the cause rankings. In 1990, road injuries were among the top 10 causes of death in 
global rankings as well as in developing countries. However, road injuries were not among the top 10 causes 
of death in any of the sub-Saharan Africa regions in 1990. In contrast, over the same period, several other 
diseases, such as tuberculosis, malaria, and diarrheal diseases show substantial declines in the rankings. 

Figure 4.3 Ranking of cause of death in sub-Saharan Africa regions in 1990

Figure 4.4 illustrates the shifting disease pattern and its links with economic development by comparing four 
regions that have substantially different levels of industrialization – sub-Saharan Africa, India, China and 
economically developed countries. The figure is a tree map, which is essentially a square pie chart. The area 
of the rectangles is proportional to deaths due to a particular cause group. The figure broadly illustrates that 
as regions industrialize, the proportion of deaths due to communicable, maternal and nutritional disorders 
(i.e. Group A diseases, shown in red) steadily declines. Simultaneously, the proportion of deaths due to non-
communicable diseases (Group B, blue) and Injuries (Group C, green) increases. Therefore, while Group A 
diseases comprise 66% of all deaths in sub-Saharan Africa and 35% in India, they only comprise 6% of all deaths 
in China and developed countries. In contrast, Groups B and C comprise 34% (9% injuries) of all deaths in 
sub-Saharan Africa, 65% (11% injuries) in India, 94% (10% injuries) in China, and 94% (7% injuries) in developed 
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countries. However, it is important to note that the relative proportion of injuries, especially road injuries, 
varies comparatively less through the health transition. Road injuries comprise 2.8% of all deaths in Africa, 2.8% 
in India, 3.4% in China, and only 1.2% in developed countries. Thus, the relative importance of road injuries 
to the health agenda in sub-Saharan Africa is similar to that in India and China, which are already devoting 
substantial attention to road safety policy. 

Road injury deaths now comprise a relatively large proportion of all deaths in sub-Saharan Africa partly 
because road deaths in the region are rapidly increasing (Figure 4.5). The global road death toll has risen by 
46% over the last two decades. However, road deaths in sub-Saharan Africa grew almost twice as fast, rising 
by 84%. The Western and Southern regions of sub-Saharan Africa experienced the highest increases of all 
regions in the world with a rise of 111% and 102%, respectively. It should be noted that a substantial portion 
of these increases are simply a result of population growth. Road injury death rates in sub-Saharan Africa 
rose only by 10% over this period, from 24.4 to 26.9 per 100,000. Thus, the rapid increase in the road death 
toll is partly due to successes in controlling diseases of childhood resulting in an increasing number of young 
adults who are most vulnerable to injuries in road traffic crashes. 
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Figure 4.4 Tree map illustrating the transition in causes of death that occurs with economic development. The area of the rectangles 
represents the relative proportion of deaths that are due to various cause groups in each country or region in 2010. 
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Figure 4.5 Regional trends in road injury deaths in the four regions of sub-Saharan Africa over the last two decades compared with 
other global regions 

In contrast to the rising death toll in sub-Saharan Africa, road deaths in all high-income regions have declined 
substantially over the last two decades. In Western Europe, road injury death toll declined by 43%, with a similar 
decline in death rates. In fact, road injury death rates have been declining in most developed countries since the 
early 1970s, when most Western nations established road safety agencies that instituted road safety programs 
targeting vehicles, highways, and road users using a broad safe systems approach for safety management. 

Uncertainty in estimates of burden and cause rankings  
of road injuries
Figures 4.6 illustrate the uncertainty in our estimates of the burden of road injuries relative to other causes 
in sub-Saharan Africa. 95% uncertainty intervals are shown for deaths and healthy life lost for each cause in 
2010, ordered by the mean rank of every cause. The two leading causes of death and DALYs (malaria and HIV/
AIDS) have substantial overlap in their uncertainty intervals. The top four causes (i.e. also including lower 
respiratory infections and diarrheal diseases) are separated by a substantial gap from the next eight causes. 
Uncertainty in our estimates of deaths from road injuries in sub-Saharan Africa in 2010 ranges from 180,000 
to 306,000 deaths. This range overlaps substantially with deaths from stroke (ranked 5th), protein-energy 
malnutrition, tuberculosis, preterm birth complications, meningitis, and ischemic heart disease (ranked 12th). 
Similarly, uncertainty in our estimates of healthy life years lost due to road injuries ranges from 11.2 million to 
18.2 million DALYs. This range overlaps substantially with DALYs from protein-energy malnutrition (ranked 
5th), neonatal sepsis, meningitis, preterm birth complications, neonatal encephalopathy, tuberculosis, and 
iron-deficiency anemia (ranked 12th). 
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The implications of the relative uncertainty in estimates on cause ranks are illustrated in Figure 4.7. Road 
injuries are the 8th leading cause of death in sub-Saharan Africa and the 95% uncertainty interval in the cause 
rank ranges from 7 to 12. Similarly, road injuries are the 10th leading cause of DALYs in sub-Saharan Arica 
and the 95% uncertainty interval in the cause rank ranges from 7 to 12.  

Figure 4.6 Deaths and DALYs with 95% uncertainty intervals versus rank by cause in sub-Saharan Africa in 2010 

Figure 4.7 Uncertainty in rank of deaths and DALYs with 95% uncertainty intervals versus mean rank by cause in sub-Saharan Africa 
in 2010 

Relative burden of road injuries among males and females 
Road injuries kill more men than women, and hence the problem ranks as a higher priority for male health, 
in all regions of the world. Road injuries are the 7th leading cause of death for males in sub-Saharan Africa 
compared with 13th for females. They are a top-10 cause of death for males in all sub-regions of sub-Saharan 
Africa, with the exception of the Central region, where they rank 11th. In the Western region, which has the 
highest road injury death rate globally, road injuries are the 5th leading cause of death among males. Overall, 
road injuries kill more than twice as many men in sub-Saharan Africa than interpersonal violence (ranked 
14th, 67,000 deaths). 
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However, among female deaths, road injuries rank substantially higher in sub-Saharan Africa than globally. 
They are the 13th leading cause of death for females in sub-Saharan Africa overall and in the Western and 
Eastern regions. However, globally, road injuries are the 18th leading cause of death for females. The high 
relative rank of road injuries for females in sub-Saharan Africa is partly due to high female road injury death 
rates in the region (Figure 4.9). For instance the road injury death rate for females in Western sub-Saharan 
Africa (22.5 per 100,000) is more than twice the global average for females (9.6 per 100,000) and almost five 
times the female road injury rate in Western Europe (4.6 per 100,000). The importance of road safety as a 
health priority for women in sub-Saharan Africa has received relatively little policy attention. 

Figure 4.8 Ranking of cause of death for males and females in sub-Saharan African regions in 2010 
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.

60  |  Burden of Road Injuries in Sub-Saharan Africa



Figure 4.9 Rate of deaths, premature mortality, years lived with disability, and healthy life years lost among men and women in 
sub-Saharan African regions in 2010
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.
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Figure 4.9 illustrates the relative risk of male and female deaths and disability from road injuries in the regions 
of sub-Saharan Africa. The ratio of male to female deaths varies from 2.0 in the Western region to 3.4 in the 
Central region, compared with 3.0 globally. The ratio of premature mortality, YLLs, varies similarly from 2.1 
in the Western region to 3.2 in the Central region. In contrast, the male-female difference is comparatively 
smaller for years lived with disability, varying from 1.5 in the Central region to 2.1 in the Southern region. 
Finally, the ratio of male to female healthy life years lost, DALYs, varies from 2.1 in the Western region to 2.8 
in the Central region. 

Relative burden of road injuries by age group 
Road injuries are widely recognized to be a leading health problem for young adults worldwide. Among children 
aged 5-14 years, road injuries are the 3rd leading cause of death globally, the 4th leading cause in sub-Saharan 
Africa, and a top 10 cause in all its sub-regions (Figure 4.10). Among adults aged 15-49 years, road injuries 
are the 2nd leading cause of death globally, the 5th leading cause in sub-Saharan Africa, and a top-10 cause 
in all its sub-regions. Among older adults aged 50-69 years, road injuries rank comparatively lower, ranking 
11th globally as well as in sub-Saharan Africa. 

Figure 4.10 also demonstrates the importance of road injuries as a health issue for young children. Road injuries 
are the 14th leading cause of death among children under 5 years globally, 13th leading cause in sub-Saharan 
Africa, and a top-20 cause in all of its sub regions. In fact, road injuries emerge as a leading cause after the 
first year of life in sub-Saharan Africa. Road injuries are the 8th leading cause of deaths among children 1-4 
years old in sub-Saharan Africa, ranking as high as 6th in the Western region. Similarly, road injuries are the 
9th leading cause of healthy life years lost among children in sub-Saharan Africa. Although improving the 
health of children is a priority for international development efforts and one of the United Nations Millennium 
Development Goals, road safety has largely been ignored in the global child health agenda.  

Road injuries are not usually considered a leading health issue for the elderly because they rank low in 
rankings of causes in most global regions. They do not appear in the top 20 global causes listed in Figure 
4.10 for adults aged 70+ years. However, this is because Figure 4.10 shows causes sorted by their global 
ranking. Figure 4.11 shows causes for death and DALYs sorted by their ranking in sub-Saharan Africa for this 
age group. Remarkably, road injuries are the 12th leading cause of death among the elderly in sub-Saharan 
Africa, compared with 26th globally. Similarly, they are the 14th leading cause of DALYs among the elderly in 
sub-Saharan Africa, compared with 23rd globally. The importance of road safety for the health of the elderly 
in sub-Saharan Africa has not been acknowledged in the past. 
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Figure 4.10 Rankings of cause of death by age group in sub-Saharan African regions in 2010
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.
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Figure 4.11 Leading causes of death and healthy life years lost among the elderly (70+ years) in sub-Saharan Africa regions
Unlike previous figures, causes in this heat map are sorted by their ranking in sub-Saharan Africa rather than by their global ranking. 

Figures 4.12 through 4.15 illustrate the age distribution of the incidence and rate of deaths, YLLs, YLDs and 
DALYs in the sub-Saharan African regions. Broadly, the age profile of deaths and YLLs (Figure 4.12-13) is 
typical of the road injury burden globally. Road injury death counts in most regions have an age distribution 
that peaks among young adults and then declines with age. Death rates rise with age during the first two 
decades of life, then decline, and rise again with age. However, Figures 4.12-13 show one notable difference 
from the expected age profile. Road injury mortality rates among children aged 1-4 years are substantially 
higher in the Western region than expected. Deaths are highest in this age group and the death rate exceeds 
that for young adults. The high death toll explains the relatively high ranking of road injuries in the cause 
rankings for children in Western sub-Saharan Africa (Figure 4.10). Road injuries are the 6th leading cause 
among 1-4 year olds in the region, compared with 9th globally.

Figure 4.14 shows that the incidence and rate of disability from non-fatal injuries has a unimodal pattern that 
peaks among adults before declining with age. However, YLDs contribute a relatively small proportion to 
the total healthy life lost. As a result the age profile of DALYs (Figure 14) broadly resembles the age profile 
of YLLs (Figure 15). 
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Figure 4.12 Age distribution of deaths and death rate in sub-Saharan African regions in 2010
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Figure 4.13 Age distribution of premature mortality and premature mortality rate in sub-Saharan African regions in 2010
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Figure 4.14 Age distribution of YLDs and YLD rate in sub-Saharan African regions in 2010
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.
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Figure 4.15 Age distribution of DALYs and DALYs rate in sub-Saharan African regions in 2010
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.
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Distribution of road injuries by type of road-user
Figures 4.16-4.18 illustrates the distribution of road injury deaths and burden by the victim’s mode of transport. 
The pedestrian death rate in Western sub-Saharan Africa, 13.4 per 100,000, is the highest in the world, 8 times 
the rate in Western Europe (Figure 4.16). The road user distribution of deaths and DALYs varies substantially 
across regions. However, the distribution of deaths does not differ much from that of DALYs in any given region. 
Pedestrians comprise 44% of road injury deaths in sub-Saharan Africa overall, 55% in the Central region, and 
50% in the Eastern region (Figure 4.17). In contrast, pedestrians account for only 35% of global road deaths. 
Taken together with bicyclists, non-motorized road users comprise half of all victims of fatal road injuries in 
sub-Saharan Africa, 60% in the Eastern region, and 58% in the Central region. Non-motorized modes comprise 
42% in the Western region and 40% in the Southern region, similar to the global average of 41%. As expected 
from the lower level of motorization in sub-Saharan Africa, occupants of cars, buses, and trucks comprise a 
smaller proportion of road deaths. Vehicle occupants (3+ wheels) were victims in 30% of the fatalities in sub-
Saharan Africa compared with the global average of 36%. In the Central and Southern regions, the proportion 
of occupants was even lower at 26%. Finally, motorcycle riders comprise 17% of deaths in the Southern and 
Western regions. The motorcyclist death rate in Western sub-Saharan Africa is the highest in the world, slightly 
higher than the rate in Southeast Asia.

Figure 4.16 Road injury death rates in global regions in 2010 disaggregated by road-user categories
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1.
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Figure 4.17 Road user distribution of road injury deaths in sub-Saharan African regions in 2010
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Figure 4.18 Road user distribution of road injury DALYs in sub-Saharan African regions in 2010
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Country estimates of the burden of road injuries
Figures 4.19-4.20 show rankings of causes of death in countries in sub-Saharan Africa. In more than half 
the countries (26 of 48 countries) deaths from road injuries rank among the top 10 causes. In six countries 
(Botswana, Djibouti, Gabon, Mauritania, Nigeria, Zimbabwe), road injuries ranked in the top 5 causes of death. 

National road injury death rates in sub-Saharan Africa are among the highest in the world (Figure 4.21). 
Six countries from the region are among the ten countries with the highest road injury death rates globally. 
These include Nigeria, which has a death rate of 52.4 per 100,000 people, the highest of any country, and 
Mozambique, death rate of 46.7 per 100,000, the third highest of any country. Figures 4.21 also shows the death 
rates among the safest countries in the world, which include Sweden, UK, and the Netherlands, whose high 
safety performance has been discussed extensively by road safety researchers. These countries have a death 
rate of approximately 3 per 100,000, 15 times smaller than that of Nigeria and Mozambique. 

Four countries, Nigeria, Ethiopia, South Africa1, and Sudan, together account for half of all road injury fatalities 
in sub-Saharan Africa. The importance of road safety for Nigeria, which accounts for approximately one-
fifth of the population of sub-Saharan Africa, deserves particular consideration. In 2010, Nigeria had 75,000 
fatalities, approximately one-third of the total for sub-Saharan Africa. Road traffic deaths in Nigeria ranked 
ahead of neonatal sepsis, preterm birth complications, protein-energy malnutrition, neonatal encephalopathy, 
and meningitis, which are among the most important causes of infant deaths. Similarly, road injury deaths in 
Nigeria killed more than three times as many people as maternal disorders, and almost twice as many people 
as tuberculosis.  

The importance of road safety to the health agenda in sub-Saharan Africa has emerged in the last two decades. 
While road injuries are now the 8th leading cause of death in the region, they were the 13th leading cause of 
death in 1990. This increase in the relative rank is also evident in the country level statistics. In Nigeria, road 
injuries are now the 5th leading cause of death, up from 11th in 1990. In Ethiopia, they are the 9th leading 
cause of death, up from 13th in 1990. 

1. The GBD-2010 estimates for road injury deaths in South Africa (4,500 deaths) are about one-third of the official national statistics. 
The GBD estimates for South Africa rely predominantly on national vital registration data. We expect that GBD-2010 underestimated 
road injury deaths in South Africa because of analytical problems in fitting the cause of death patterns, which are heavily biased 
towards deaths from HIV/AIDS. Since South Africa is the most populous country in the Southern sub-Saharan Africa and the 
predominant source of cause of death data in this region, we expect that the road injury deaths for the entire Southern region are 
underestimated in GBD-2010. In this report, whenever we present national estimates of road injury deaths and death rates for South 
Africa, we use the official national statistics. However, all regional estimates shown, including for the Southern region are from GBD-
2010. See also note about sub-Saharan Africa South estimates accompanying Table 4.1.
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Figure 4.19 Rankings of cause of death in countries in Central and Eastern sub-Saharan Africa in 2010
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Figure 4.20 Rankings of cause of death in countries in Southern and Western sub-Saharan Africa in 2010
See also note about Southern sub-Saharan Africa estimates accompanying Table 4.1 and footnote on Page 72.
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Figure 4.21 Safest and most dangerous countries in the world in 2010 
Note: Only countries with at least three local measurements of road tra�c injury incidence were included in this figure. A few countries 
(such as Angola, Equatorial Guinea, and Gabon) have higher estimates but were excluded from this figure because of insu�cient data. 
Estimates shown are from GBD-2010 except for countries that report to the International Road Tra�c Accident Database (IRTAD). 

Our estimates of the national road injury deaths in sub-Saharan Africa are substantially higher than official 
government statistics (Figure 4.22). Underreporting in many countries in sub-Saharan Africa exceeds 500%. In 
Nigeria, for instance, official government statistics only reported 4,065 deaths in 2010. The official statistics for 
Nigeria correspond to a death rate of 2.5 per 100,000, which is the same as that of Iceland, the safest country in 
the world (Figure 4.21). Since the national Federal Road Safety Corps (FRSC) only reports deaths that occur 
within 24 hours of the crash, the 2013 WHO Global Status Report on Road Safety corrected this estimate to 
5,279 deaths to account for deaths that occur after this period. However, even this figure is 14 times smaller 
than our estimate of 75,000 deaths. 

Underreporting of road deaths is getting increase attention in global road safety efforts. However, much of this 
work focuses on standardizing definitions, such as counting all deaths that occur within 30 days of a crash. 
However, our results highlight that definitions account for a small fraction of the deaths that are missed in 
official statistics. Instead, it is likely that most countries in sub-Saharan Africa simply do not have the capacity 
to know about most crashes. 
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Figure 4.22 Underreporting of deaths from road injuries in o�cial government statistics in sub-Saharan Africa in 2010
	 •	Percent	underreporting	is	calculated	as	100*(Our	estimate-official	statistics)/(official	statistics).
	 •	Official	statistics	are	the	30-day	adjusted	country	reported	statistics	from	the	2013	World	Health	 

Organization’s Global Status Report on Road Safety.
	 •	See	also	note	about	Southern	sub-Saharan	Africa	estimates	accompanying	Table	4.1	and	footnote	on	Page	72.
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Chapter 5: Discussion



Results from the GBD project are the only systematic and scientific accounting of the health impact of road 
crashes relative to other diseases and health risk factors in sub-Saharan Africa and globally. Our current 
update, GBD-2010, represents a dramatic improvement over past work in road injury metrics. Several other 
studies (e.g. Jacobs et al., 2000, Kopits & Cropper, 2005, WHO, 2009a, WHO, 2013) have attempted to estimate 
the global and regional incidence of deaths from road injuries in isolation from other diseases. Such work is 
problematic for various reasons. First, one important purpose of such analysis is to highlight the magnitude 
of the problem of road safety and, hence, to bring attention to it. However, in a world where we grapple with 
many hazards to our health, the incidence of road injuries needs to be described relative to other health 
threats as discussed in this report. 

Second, other studies often rely primarily on national official statistics of road traffic deaths reported by 
traffic police. We show that police reports in sub-Saharan African countries often have underreporting that 
exceeds 500%. More recent studies recognize the problem of underreporting in police data and thus have also 
attempted to construct estimates using national vital registration statistics. The 2009 and 2013 WHO Global 
Status Reports are two notable examples of such work. However, since high quality vital registers do not exist 
in sub-Saharan Africa, these studies have few data sources from the region, relying instead on statistical models 
to estimate deaths for most countries in the region.  In contrast, our work uncovered and incorporated vast 
amounts of information that have not been used previously in constructing estimates of the burden of road 
injuries. This required the development of many new tools for analysis that we have described in this report. 

Finally, past work has made meager, if any, attempts to estimate the incidence of non-fatal road injuries. This 
is primarily because such estimations require substantial efforts in acquiring data sources that are difficult 
to access, and developing analytical models to construct meaningful estimates. Our work is the first attempt 
at producing estimates of non-fatal injury incidence in sub-Saharan Africa and globally.

Implications for road safety policy in sub-Saharan Africa
The UN Decade of Action for Road Safety calls for a transition to a decade of investments in safer road 
systems in low- and middle- income countries. Our analysis supports this call by providing evidence of the 
importance of road safety to population health, which is arguably the most pressing developmental issue for 
sub-Saharan Africa. 

We show that road injury has risen substantially in the health priorities for sub-Saharan Africa over the last 
two decades and now ranks within the top 10 causes of death and ill health. The current ranking of road 
injuries in Sub-Saharan African countries is similar to those for other developing countries, which have already 
begun to prioritize road safety in their development agenda through increased political attention and financial 
commitments. This is not the case yet in sub-Saharan Africa. Instead, the health agenda in sub-Saharan Africa 
remains focused primarily on infectious diseases, maternal health, and childhood diseases. However, our 
findings show that more people die in road crashes in Africa than from tuberculosis and maternal disorders. 
Among children, road injuries rank in the top 10 causes of death after the first year of life. 

In fact, we show that road injury death rates in sub-Saharan Africa are amongst the highest in the world. Six 
countries from the region rank among the ten least safe countries in the world. Three regions of sub-Saharan 
Africa (Western, Eastern and Central) have the highest death rates of any regions in the world. In two regions 
(Western and Southern), the road death toll has more than doubled since 1990. 

The UN Decade of Action aims to reverse this trend by focusing on five pillars of safety – road safety management, 
safer roads and mobility, safer vehicles, safer road users, and post-crash response. The dividends of such an 
approach are clear from looking at the experience of the high-income regions that have walked this path. Our 
analysis shows that the road death toll has declined by 43% in Western Europe since 1990. However, a longer 
historical analysis shows that road safety has steadily improved since the early 1970s in most high-income 
countries despite increasing vehicle ownership rates and continued expansion of highway infrastructure. The 
policy history of these countries suggests that starting in the late 1960s, they established national road safety 
agencies with legislative powers and a mandate to manage safety in the transport system (Wegman et al., 
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2008). These agencies instituted a long series of interventions that targeted highway infrastructure (e.g., by 
requiring median barriers, guard rails, and traffic calming designs), vehicle safety (e.g., by requiring airbags, 
seatbelts, child seats, crashworthiness standards, and crash avoidance technologies), and road users (e.g., 
by enforcement and campaigns to encourage seat-belt use, helmet use, and drink driving). Countries in sub-
Saharan Africa now need to walk on a similar path as they develop their transport systems by building highways 
that incorporate safety infrastructure, acquiring vehicle fleets that integrate safety technology, and deploying 
enforcement technologies that encourage safe road use, using a results-oriented safe system approach. 

Implications for future research in road injury metrics
We believe that this report presents enough evidence about the burden of road injuries in sub-Saharan Africa 
for policy makers to begin investing in road safety immediately. Managing these investments will require a road 
safety measurement framework that can be used to identify cost-effective interventions, define benchmarks, set 
achievable targets, and monitor progress towards achieving them. Continued improvements and refinements 
of road safety metrics should be an ongoing process that should evolve as the Decade of Action unfolds. Our 
work suggests that such work should simultaneously focus on strengthening local information systems and 
the continued development of analytical methods for generating information that can guide policy. 

Our work highlights the availability of a large number of data systems in sub-Saharan Africa that have been 
underutilized in policy relevant analysis. Strengthening these existing data systems is an efficient way to 
rapidly improve the availability of road injury statistics in the region (Bhalla et al. 2012). For instance, we 
relied extensively on mortuary data systems, which can provide valuable information about the distribution 
of injury deaths in urban settings. The existence of a legal framework for investigating causes of unnatural 
deaths creates an opportunity to develop mortuary-based surveillance systems especially in sub-Saharan Africa 
where vital registrations systems are particularly weak. Thus, the widespread implementation of the new WHO 
mortuary surveillance guidelines (Bartolomeos et al., 2012) coupled with periodic studies to validate data 
quality could bring vast amounts of reliable data to road injury metrics. In the longer term, such infrastructure 
can be used for monitoring and evaluation of road safety interventions and programs in the regions.

Similarly, our work relied on data from a vast network of health and demographic surveillance sites in sub-
Saharan Africa. These sites typically monitor morbidity (via periodic surveys) and mortality (via continuous 
verbal autopsy) in selected rural populations. Although many of these sites have been collecting data for 
decades, the data have rarely been used to monitor trends in road injuries. Partly as a result, the injury data 
available from these sites was often poorly coded, with injury deaths often being ascribed to nature-of-injuries 
(e.g., head injury) rather than external causes (e.g., pedestrian crash), which are more relevant for policy 
analysis. Strengthening this existing infrastructure by improving coding procedures could substantially 
improve knowledge of injury statistics in these regions.

We also found that many countries conduct periodic national health surveys that often include questions about 
non-fatal injury involvement and medical care received. Despite the readily available data, such surveys have 
received little attention from the injury research community. Partly for this reason, the survey instruments (i.e. 
survey questions) are not standardized and often fail to incorporate well-established advice about measuring 
injuries (e.g. use of appropriate recall periods, Mock et al. 2012). A shortened version of the WHO guidelines 
for injury community surveys (WHO, 2006) designed for use as an injury module in national health surveys 
can provide useful guidance to national agencies conducting such surveys and make the findings directly 
useful for policy making. 

In addition to strengthening data systems, we need continuing and concerted research focused on improving 
methods that can effectively utilize existing data infrastructure to derive metrics that can help road safety 
policy makers. Our work makes many simplifying assumptions that need to be addressed in future work. Such 
work should include the development of methods for assessing and correcting misclassification in surveillance 
systems, reattribution of injuries coded to partially specified causes, and biases in the population that gets 
included in incomplete surveillance systems. 
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While the GBD project is unique in estimating the incidence and burden of non-fatal road injuries, such 
research is in its infancy leaving substantial room for improving analytical methods and conducting empirical 
measurements. This includes improving measurement of the incidence of non-fatal injuries from household 
surveys through the development of better methods for addressing such measurement issues as differential 
item functioning, telescoping and recall biases. Road injuries typically result in injuries to multiple regions 
of the body but the implication of multiple injuries on health outcomes remains poorly understood. Finally, 
the bulk of the burden of non-fatal injuries is a result from long-term disabling outcomes. There are few 
studies that have followed-up victims to track their recovery over the long-term. At present, such studies are 
only available from regions with relatively good access to medical care, and they used differing health state 
measures, which required analytical mappings to GBD health states. Such work will benefit substantially from 
more and comparable measurements, particularly in low-income regions, and improved analytical methods 
for characterizing the evolution of disability following road injury. 

An important stream of future work emanating from this project should explicitly consider the needs of different 
policy makers and parse the results appropriately. Thus, for instance, this may require constructing estimates 
of the economic burden of injuries rather than the public health burden of injuries. A robust literature on 
health costing (WHO, 2009b; Bloom et al. 2011) provides guidance on converting burden estimates measured 
in this study into economic losses using fairly simple analytical methods. Similarly, in addition to quantifying 
the public health burden of road injuries, policy makers need guidance on which risk factors matter most. 
This can be addressed by attributing the burden of road injuries to the various risk factors that a policy 
maker could address. Such an approach is also easily extended beyond road injuries to model the multiple 
health impacts of transport policy, including physical inactivity and vehicular air pollution, in a health impact 
assessment framework. 

Conclusions
Improving access to jobs, health care, and education is an important priority for sub-Saharan Africa. However, 
unmanaged expansion of the transport sector has resulted in many parts of the region becoming the most 
dangerous in the world. Road injuries now rank among the leading health concerns in the region. National 
governments and the international development community need to prioritize road safety in the region and 
implement the recommendations of the 2004 World Report on Road Traffic Injury Prevention. 
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Appendix A1: Regional Results



Table A1.1 Road Injury Deaths in Central Sub-Saharan Africa in 1990
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Table A1.2 Road Injury Deaths in Central Sub-Saharan Africa in 2010
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Table A1.3 Road Injury Deaths Rates (per 100,000) in Central Sub-Saharan Africa in 1990
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Table A1.4 Road Injury Death Rates (per 100,000) in Central Sub-Saharan Africa in 2010
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Table A1.5 Road Injury Deaths in Eastern Sub-Saharan Africa in 1990
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Table A1.6 Road Injury Deaths in Eastern Sub-Saharan Africa in 2010
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Table A1.7 Road Injury Death Rates (per 100,000) in Eastern Sub-Saharan Africa in 1990
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Table A1.8 Road Injury Death Rates (per 100,000) in Eastern Sub-Saharan Africa in 2010
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Table A1.9 Road Injury Deaths in Southern Sub-Saharan Africa in 1990

94  |  Burden of Road Injuries in Sub-Saharan Africa



Table A1.10 Road Injury Deaths in Southern Sub-Saharan Africa in 2010
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Table A1.11 Road Injury Death Rates (per 100,000) in Southern Sub-Saharan Africa in 1990
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Table A1.12 Road Injury Death Rates (per 100,000) in Southern Sub-Saharan Africa in 2010
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Table A1.13 Road Injury Deaths in Western Sub-Saharan Africa in 1990
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Table A1.14 Road Injury Deaths in Western Sub-Saharan Africa in 2010
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Table A1.15 Road Injury Death Rates (per 100,000) in Western Sub-Saharan Africa in 1990
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Table A1.16 Road Injury Death Rates (per 100,000) in Southern Sub-Saharan Africa in 2010
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Appendix A2: Country Results



C
o

n
ti

n
u

e
d

 n
e

xt
 p

a
g

e

104  |  Burden of Road Injuries in Sub-Saharan Africa



T
a

b
le

 A
2

.1
 R

o
a

d
 I

n
ju

ry
 D

e
a

th
s 

in
 C

o
u

n
tr

ie
s 

in
 s

u
b

-S
a

h
a

ra
n

 A
fr

ic
a

 f
ro

m
 1

9
9

0
 t

o
 2

0
10

#
O

�
ci

a
l g

o
ve

rn
m

e
n

t s
ta

ti
st

ic
s 

fo
r 

ro
a

d
 d

e
a

th
s 

a
n

d
 d

e
a

th
 r

a
te

s 
a

re
 s

h
o

w
n

 fo
r 

tw
o

 c
o

u
n

tr
ie

s,
 S

o
u

th
 A

fr
ic

a
 a

n
d

 S
a

o
 T

o
m

e
 &

 P
ri

n
ci

p
e

, w
h

e
re

 
G

B
D

-2
0

10
 e

st
im

a
te

s 
w

e
re

 lo
w

e
r 
th

a
n

 o
�

ci
a

l s
ta

ti
st

ic
s.

 H
o

w
e

ve
r, 

th
e

 c
a

u
se

 o
f d

e
a

th
 r
a

n
k
 a

n
d

 th
e

 r
o

a
d

-u
se

r 
d

is
tr

ib
u

ti
o

n
 fo

r 
th

e
se

 c
o

u
n

tr
ie

s 
a

re
 f

ro
m

 G
B

D
-2

0
10

. S
e

e
 a

ls
o

 n
o

te
 a

b
o

u
t 

S
o

u
th

e
rn

 s
u

b
-S

a
h

a
ra

n
 A

fr
ic

a
 e

st
im

a
te

s 
a

cc
o

m
p

a
n

yi
n

g
 T

a
b

le
 4

.1 
a

n
d

 f
o

o
tn

o
te

 o
n

 P
a

g
e

 7
2

.

Country Results | 105












