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Effects of vehicle safety design on road traffic deaths,
injuries, and public health burden in the Latin American
region: a modelling study
Kavi Bhalla, Kevin Gleason

Summary

Background The Sustainable Development Goals (SDGs), which aim to halve global traffic deaths by 2020, will not be
met by most low-income and middle-income countries (LMICs). In Latin America and the Caribbean (LAC) region,
traffic deaths have remained stable at a high-level despite strong progress in other health domains. We evaluated the
effects of road safety interventions in LAC and estimated the benefits that vehicle design improvements would have
in this region.
Methods In our study done in October, 2018, we used a counterfactual analysis to assess the reduction in deaths and
disability-adjusted life years (DALYs) lost if eight proven vehicle safety technologies were made more widely available
in LAC countries. We estimated: (1) country-level incidence of traffic injuries, (2) the effectiveness of technologies
through a systematic literature review, (3) the prevalence of car safety technologies, and (4) the lives saved and DALYs
averted if all cars had these technologies. We characterised uncertainty in estimates by reporting the sensitivity of the
results to alternative modelling assumptions.
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Findings Increasing availability of electronic stability control, which includes antilock-brake systems, would have the
largest benefits in the LAC region, estimated at 19·4% (sensitivity analysis range 8·6–31·1) fewer deaths and 17·0%
(5·7–29·2) fewer DALYs. Increasing use of seatbelts would reduce deaths by 12·1% (9·1–15·5) and DALYs by 12·6%
(9·4–16·3). Optimisation for side-impacts would result in 6·3% (3·1–6·5) fewer deaths, and improvements to vehicle
front-end design would result in 6·0% (2·2–10·4) fewer deaths. The overall effect of improved vehicle design in the
region would be 28·1% (12·8–39·2) fewer deaths, and 29·1% (13·5–39·8) fewer DALYs. Other safety technologies
modelled, including airbag (front and side), side door beam, and side structure and padding, have smaller benefits.
Interpretation Regulating and encouraging the use of proven vehicle safety technologies in LMICs would have large
gains and needs to be prioritised in the SDG agenda for 2030.
Funding Inter-American Development Bank.
Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction
As the UN Decade of Action for Road Safety (2011–20)
draws to a close, it has become clear that countries
have made much less progress in reducing traffic
injuries than in other health domains. Although
Sustainable Development Goal (SDG) 3.6 aimed to
halve the number of global traffic deaths by 2020, deaths
have continued to rise, or remained stable at a high
level, in most low-income and middle-income
countries (LMICs). In 2016, road traffic crashes in the
Latin America and the Caribbean (LAC) region killed
approximately 110 000 people and were the fifth leading
cause of disability-adjusted life years (DALYs) lost in global
burden of disease (GBD) rankings.1 Among people aged
between 15 and 49 years, traffic injuries were the second
leading cause of death in the LAC region, behind
interpersonal violence. Although mortality from traffic
injuries has remained stable in the region, there have been
remarkable strides in reducing the burden of many
www.thelancet.com/lancetgh Vol 8 June 2020

diseases. Between 2000 and 2017, DALYs due to lower
respiratory infections in the region declined by 45%,
diarrhoeal disease declined by 64%, and HIV/AIDS by
39%.1
In February, 2020, the 3rd Global Ministerial Conference
on Road Safety adopted the Stockholm Declaration, calling
on countries to reduce traffic deaths by half by 2030. An
understanding of what has worked in high-income
countries (HICs) is important in this dialogue. By contrast
to LMICs, HICs have done remarkably well at reducing
traffic injuries. In the 1960s, traffic death rates in countries
in the Organisation for Economic Cooperation and
Development (OECD) were similar to those in the LAC
region in 2016 (22 deaths per 100 000 people). However,
death rates have declined steadily in OECD countries
since the 1970s, and are now approximately five deaths per
100 000 people in many countries.2 This success has been
attributed to broad based efforts across a wide range of
areas, including the strengthening of institutional
e819
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Research in context
Evidence before this study
We searched PubMed and Embase for publications in English,
without restriction by date, and that reported evaluations of
the effect of vehicle design on the burden of road traffic injuries
in LMICs using the search terms “traffic injuries” AND “vehicle
design” OR “vehicle safety” AND “low- and middle-income
countries” AND “effectiveness”. We found several studies that
estimated the effects of various road safety interventions in
LMICs but none that assessed the population-level effects of
improving vehicle safety technologies, with the exception of
studies that assessed the effects of seatbelt use.
Added value of this study
We estimated the effect of increasing the availability of proven
vehicle safety technologies on mortality and population health
burden of road traffic injuries in countries in the LAC region.
We focused on technologies that relate with eight UN
regulations that are considered high priority, and which have
been available in high-income countries (HICs) long enough to
evaluate their effects on traffic injuries. We found that, although
the extent of benefits for countries vary on the basis of baseline
conditions (especially for prevalence of technologies, crash
configurations, and types of road users injured), all countries will
see large benefits from increased availability of these
technologies. Increasing the availability of electronic stability
control would lead to the largest benefits in terms of lives saved
and disability averted in the LAC region. A large portion of the
health gains derive from antilock-brake systems (ABS), which
are integrated in electronic stability control technologies.
Motorcycle-ABS, in particular, are one of the few vehicle
technologies that can have a large effect on reducing injuries in

capacity, improvements in vehicle and roadway design,
increased enforcement of road safety regulations, progress
in medical care, and road user education.3,4 Consequently,
WHO recommends for LMICs to undertake multisectoral
action spanning health, transport, education, and law
enforcement, among others.5
Although there is no doubt that HICs undertook a
wide range of interventions, some factors, such as
improvements in vehicle design, had much larger effects
than others.6–8 For instance, the risk of driver death in a
2009 model passenger vehicle sold in the USA is estimated
to be half that associated with vehicle models sold in 1984.6
In fact, a review by the US National Highway Traffic Safety
Administration concluded that vehicle design improve
ments between 1960 and 2012 reduced traffic mortality by
as much as all other factors combined.9
Despite the potential benefits, vehicle design is
neglected in policy efforts in LMICs. Although there have
been several studies that have evaluated the effects of
road safety interventions in LMICs,10–12 to our knowledge,
none has focused on estimating the benefits from
vehicle design improvements in LMICs. Although
e820

countries (eg, Colombia) where motorcyclists comprise a large
proportion of deaths and injuries. Increasing the use of occupant
protection technologies, including seatbelts, frontal and side air
bags, side structure, and padding, will have a large effect on
traffic deaths in countries (eg, Argentina) where occupants
comprise a large proportion of deaths and injuries. Seatbelts are
a highly effective technology that are already available in almost
all cars in the LAC region, but seatbelt use is low in this region.
By making the structures that interact with pedestrians (eg,
bumper, hood, windshield, and A-pillar) softer, the front-end
design of cars can help to reduce pedestrian injuries
substantially, but the benefits would be greater if front-ends of
other vehicles, especially buses and trucks, were also improved.
Implications of all the available evidence
Road traffic injuries in most LMICs are either rising or stable at a
high-level despite strong global advocacy as part of the UN
Decade of Action for Road Safety (2011–20). Many research
papers show that improvements in vehicle safety design were a
primary driver for the large reductions in traffic death rates in
HICs since the 1960s. Nevertheless, vehicle design is not
receiving adequate attention in global road safety advocacy
efforts. 124 LMICs require only one (or none) of the eight
priority regulations recommended by the UN World Forum for
Harmonization of Vehicle Regulations. Therefore, our findings
emphasise the importance of improving vehicle safety design
for achieving the Sustainable Development Goals road safety
agenda for 2030. Such improvements can be achieved by a
combination of vehicle design regulations and the creation of
consumer demand for safer cars through mechanisms like new
car assessment programmes (NCAPs).

the UN World Forum for Harmonization of Vehicle
Regulations has developed a legal framework and
identified eight regulations that should be prioritised,
only 40 countries (mainly HICs) have imple
mented
these. Among LMICs, 124 countries require only one (or
none) of the eight regulations.5 Crash testing of the most
popular brands of cars sold in LMICs show that most will
not pass even the relatively low safety requirements of
UN regulations, and thus are substantially less safe than
vehicles commonly available in HICs.13,14 Although there
is little systematic evidence on how these processes
(regulation and consumer information by new car
assessment programmes [NCAPs]) affect vehicle prices,
estimates from global NCAPs suggest that the cost of
these technologies is fairly low (eg, antilock-brake
systems [ABS] plus electronic stability control are priced
approximately between ~US $75–100).15
Therefore, we aimed to assess the reduction in traffic
injuries that could be achieved if proven vehicle safety
technologies were widely available in the LAC region.
We focused on eight technologies that relate to the
priority UN regulations (table 1) and that have been
www.thelancet.com/lancetgh Vol 8 June 2020
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available in HICs long enough for their effects on traffic
injuries to be systematically evaluated. These tech
nologies are: ABS, electronic stability control, occupant
restraints (ie, safety belts and child seats), frontal
airbags, side airbags, side door beams, side structure
and padding, and vehicle front-end design for pedestrian
protection. In addition, we estimate the effects of overall
improvements in side-impact protection and vehicle
design. The estimated benefits depend primarily on
how well the technologies do in the most common crash
configurations. To show these variations, we present
results for six countries (Argentina, Brazil, Colombia,
Ecuador, Mexico, and Uruguay), in addition to the LAC
region as a whole.

Methods

Study design
We did a counterfactual analysis to assess the number of
deaths, injuries, and DALYs that would be averted in a
scenario in which selected safety technologies were
available in the entire fleet of vehicles. In summary, we
used the following steps for each intervention: (1) identify
which crash configurations are affected by the
intervention, (2) estimate relative risks (ie, how much
the technologies affect the probability of crashes and
injuries) in different crash configurations, which were
based on a systematic review of the literature, (3) estimate
the proportion of vehicles that have the intervention,
(4) and estimate the number of lives saved (and DALYs
averted) in the scenario in which all vehicles had the
safety technology. The method that we used requires
many assumptions, which are summarised in table 2.

Estimation of baseline deaths and injuries
In most LMICs, official statistics on traffic injuries are
sourced from traffic police, which can have substantial
under-reporting.17 In the LAC region, however, data for
total traffic deaths in most countries are relatively reliable
(compared with other LMICs) and within 25% of the
estimates based on vital ation data by the GBD study
(appendix p 1).1 Nevertheless, there are large discrepancies
between the proportions of road user deaths reported in
official statistics and those reported in the GBD study,
reflecting the poor quality of coding for types of road user

in the vital registration data for the LAC region.18
Therefore, for baseline estimates of deaths and injuries,
we used the 2016 GBD estimates1 for total road traffic
deaths and non-fatal injuries (disaggregated by age and
sex) in each country, which we further disaggregated by
type of road user using the proportions reported in
official statistics presented in the WHO Global Status
Report on Road Safety.5
To estimate crash configurations (eg, rollover, side or
frontal impact), we obtained records from traffic police
databases from Argentina, Chile, Colombia, Costa Rica,
Ecuador, Guatemala, Honduras, and Uruguay. However,
none of the records from these countries could be used
for estimating crash configuration of occupant crashes,
usually because this information was not collected or had
high-levels (ie, >75%) of missing data. Therefore, we
applied estimates of crash configurations for occupants
based on data from the USA.19 We estimated impacting
vehicles for pedestrians using crash data from six
countries: Argentina, Colombia, Costa Rica, Ecuador,
Guatemala, and Uruguay (appendix p 4). For other
countries, we used the average of estimates from
available countries.

Estimation of technology penetration
Our literature review and online searches showed no
primary sources on the prevalence of any of the eight
safety technologies in the vehicle fleet. Therefore, we
estimated this prevalence on the basis of historical data for
the availability of technologies in new vehicles collected by
AutoData (Montevideo, Uruguay).20 These data were
available for three countries in 2017: Uruguay, Colombia,
and Argentina; and for 2000 onwards for ABS, electronic
stability control, frontal airbags, and side-airbags in new
vehicle sales for Uruguay (appendix p 5). Following
previous work on the adoption of technology and vehicle
fleet attrition,21,22 we used a logistic function to model
technology adoption (ie, the availability of technologies in
new vehicles sold) to the historical data from Uruguay,
and applied it to the 2017 data from other countries to
estimate the historical availability of these technologies.
Finally, we used historical vehicle registration data to
estimate the prevalence of the technologies in the on-road
vehicle fleet. Information about motorcycle ABS were not

See Online for appendix

Associated technologies
UN regulation 94 and 95: frontal impact protection and side impact protection;
crashworthiness in crash tests at specific speeds

Occupant restraints, airbags (frontal and side), side structure and
padding, and side door beams

UN regulation 140: electronic stability control; prevents skidding and loss of control,
requires antilock brakes

Electronic stability control

UN regulation 78: motorcycle antilock brakes; helps maintain control during
emergency braking

Motorcycle-antilock brakes

UN regulation 127: pedestrian front protection; vehicle front-end modifications to
reduce severity of pedestrian injuries

Vehicle front-end design

UN regulation 14, 16, and 129: seatbelt, seatbelt anchorages, and child restraints

Occupant restraints

Table 1: Priority UN vehicle safety standards and associated existing technologies
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Main or best estimate for modelling strategy

Sensitivity analyses

Uncertainty in estimates of road traffic injuries at baseline
Estimates of traffic injury mortality in Latin American countries
vary substantially

Overall road traffic injury incidence on the basis of global burden 95th uncertainty interval of global burden of disease
estimates from 2016,1 and WHO’s global health estimates16
of disease estimates from 20161

There was no information available from the region on the
distribution of crash configurations (ie, front, side, or rear) for
occupant injuries

Assume distribution of crash configurations for occupant
injuries from US data

Crash configurations based on data from Japan and
Germany

Information on the types of vehicles involved in pedestrian
injuries was available for only six countries (Argentina,
Colombia, Costa Rica, Ecuador, Guatemala, and Uruguay)

For countries in which impacting vehicles for pedestrians is not
known, assume average of available data

For countries in which impacting vehicles for pedestrians is
not known, assume minimum and maximum estimates
from available data

Estimate prevalence of technologies of a vehicle fleet in
Argentina, Colombia, and Uruguay was based on a technology
adoption model for each technology that was calibrated using
data from Uruguay; for other countries, assume average
prevalence of these three countries

For countries in which prevalence of technologies is not
known, assume minimum and maximum estimates from
Argentina, Colombia, and Uruguay

Uncertainty in estimates of technology penetration
Information on the availability of technology in new vehicles
sales was only available for Argentina, Colombia, Uruguay (time
history data were available only from Uruguay)

For countries in which seatbelt use is not known, assume
Reliable seatbelt-use estimates (ie, from multi-site observational
average estimates from available data
studies) were only available for eight countries (Argentina, Chile,
Colombia, Costa Rica, Guatemala, Mexico, Paraguay, and Uruguay)

For countries in which seatbelt use is not known, assume
minimum and maximum estimates from available data

Uncertainty in estimates of relative risk (RR)
There is a large variation in estimates of RR (see appendix
pp 11–24) partly because of variation in quality of evaluations

For the main or best estimate, we used the mean RR estimate
from the most robust evaluation; we included the maximum or
minimum of the 95th CI of the RR in sensitivity analyses (the
specific modelling choices for each technology)

··

Table 2: Assumptions and sources of uncertainty in modelling strategy

available from any source but is expected to be very low
and was set at 0%.
For seatbelts, which have been available in new vehicles
in most countries for many years, the relevant metric was
prevalence of seatbelt use rather than seatbelt availability.
We estimated prevalence of seatbelt use on the basis of a
literature search for observational data in the region. Key
sources of data included the 2013 and 2015 WHO Global
Status Reports on Road Safety.23,24 These reports provide
data for seatbelt use for all countries from various sources.
We restricted the data to countries that we could verify
that estimates had been obtained from a nationally
representative observational study (ie, we excluded data
from expert opinion, self-report surveys, and observational
studies that were done at a single location). For all
technologies (including use of seatbelts), we used country
data when available, and the average for other countries.

Estimating relative risks
We estimated the relative risk (ratio of probability of
injuries for population exposed to vehicles with and
without the technology) associated with each technology
through a systematic search of the literature (including
government reports). Our initial search identified
10 912 articles, which were reduced to 169 articles after
screening for titles and abstracts, and 40 papers after
a review of the full text. To these articles, we added
19 papers identified from snowball searches and
feedback from experts. The final set of 59 papers were
scrutinized for the quality of analytical methods and
appropriate use of controls. Estimates of effectiveness
were extracted from 13 papers. The search strings,
e822

inclusion criteria, studies identified, and forest plots of
relative risks for each intervention are shown in
appendix pp 8–10. The final choice of relative risks are
summarised in table 2.

Analytical approach
We used a comparative risk assessment framework to
estimate the burden of injuries attributable to unsafe
vehicles, and the proportional reduction in mortality
and morbidity if the exposure to the risk factor was
reduced to an alternative scenario (reduced to a counter
factual scenario). For individual vehicle technologies, the
counterfactual scenario was defined as their availability in
the entire fleet. For estimating the overall or combined
effect of vehicle design improvements, the effects of
gains from individual technologies cannot be added
because their effects are not independent. Many tech
nologies mitigate injuries in the same crash configuration
(eg, seatbelts, airbags, ABS, and electronic stability
control—all affect the risk of occupant injury in frontal
crashes). Therefore, we estimated the overall benefits of
improved vehicle design as follows: for pedestrians, we
applied benefits of vehicle front-end design for pedes
trian protection, which provides a conservative estimate
because it ignores the benefits from other technologies,
such as ABS. For motorcyclists, we applied benefits of
motorcycle-ABS. For occupants, we used estimates of the
annual reduction in occupant fatality risk in the USA due
to vehicle design improvements, assuming that the fleet
in the LAC region has safety characteristics similar to
the USA in 1990.9 To convert estimates of deaths and
injuries into estimates of DALYs for the population, we
www.thelancet.com/lancetgh Vol 8 June 2020

Articles

Occupants

Non-occupants

RR of death for occupants of cars and light trucks in run-offroad single-vehicle and multi-vehicle crashes reported by
the National Highway Traffic Safety Administration(2009);29
automatic citation updates were disabled; RR also applied to
non-fatal injuries; RR for deaths for heavy vehicle occupants in
run-off-road single-vehicle and multi-vehicle crashes reported
by the National Highway Traffic Safety Administration
(2010);30 RR also applied to non-fatal injuries.

RR of pedestrian death and crashes in vehicular crashes
reported by the National Highway Traffic Safety
Administration (2009);29 RR of motorcyclist deaths
reported by Teoh (2013);31 RR of motorcyclist non-fatal
injuries average of Spain, Italy, and Sweden reported by
Rizzi et al (2015)32

RR of death and non-fatal injuries for car and light truck
occupants were based on data from the US Department of
Transportation National Highway Traffic Safety
Administration (2015);9 RR for light trucks were applied to
heavy vehicles.

RR of death and non-fatal injuries for pedestrians were
based on data from the US Department of Transportation
National Highway Traffic Safety Administration (2015);9
RR for motorcyclists uses motorcycle-ABS estimate
reported by Teoh (2013)31 and Rizzi et al (2015)32

RR of deaths and injuries for occupants in frontal crashes
reported in systematic review by Elvik (2004)33

··

Anti-lock braking systems (ABS)
ABS are a braking technology available in motorcycles and
four-wheeled vehicles; ABS use sensors to assess if any of the
wheels are locked up during braking and reduces braking to allow
the wheels to start rolling again; ABS use cycles of releasing,
holding, and reapplying of brakes to prevent loss of steering
control due to skidding; field tests show shorter stopping distances;
in cars yaw rotation is eliminated, and steering control is
maintained
Electronic stability control (ESC)
ESC uses sensors to monitor the speeds of each wheel, to detect
loss in traction, and to apply brakes to individual wheels and
therefore help the driver to maintain control of the vehicle; ESC
builds on technology used in ABS (all vehicles with ESC are also
equipped with ABS)
Seatbelts
Use of seatbelts reduce the acceleration of occupants, reduces the
occupant’s contact with vehicle interior, distribute forces over
strongest parts of the body, and prevents ejection of the occupant
from the vehicle
Front airbags
Airbags supplement seatbelts and reduces contact with vehicle
interior

··
RR of death and non-fatal injuries for occupants in frontal
crashes (average of driver and front passenger) reported by the
US Department of Transportation National Highway Traffic
Safety Administration (2015)9

Side airbags
RR of deaths of side impacts reported by McCartt and
Kyrychenko (2007)34 for head-and-torso airbags; RR also
applied to non-fatal injuries

··

RR of deaths in side-impacts reported by the US Department
of Transportation National Highway Traffic Safety
Administration (2015);9 RR also applied to non-fatal injuries

··

Strengthening side structures reduces intrusion in side impacts and RR of deaths in side-impacts reported by the US Department
energy absorbing padding cushions forces
of Transportation National Highway Traffic Safety
Administration (2015);9 RR also applied to non-fatal injuries

··

Side airbags provide a cushion for lateral impact, spreading forces,
and reducing contact with vehicle interior
Side door beam
Side door beams aim to provide some structural integrity but have
little support
Side structure and padding

Optimised system for side impact
RR of deaths in vehicles rated good (highest rating) compared
Teoh and Lund (2011)7 showed that vehicles designed to ensure
that airbags worked together with other design features have lower with vehicles reported poor (lowest rating) by Teoh and Lund
(2011)7
mortality risk

··

Vehicle front-end design for pedestrian protection
Designs that modify the stiffness of the bumper, hood, windshield,
and A-pillar

··

RR of deaths (Strandroth, 2011)35 and injuries (Strandroth
et al, 2014)36 for cars that are rated 3 or more stars versus
zero in EuroNCAP pedestrian protection tests; applies only
to impacts with cars

RR for occupant deaths between cars sold in the USA in 2015
versus 1990 based on the US Department of Transportation
National Highway Traffic Safety Administration (2015);9
RR also applied to non-fatal injuries

RR for pedestrian deaths (Strandroth, 2013)35 and nonfatal injuries (Strandroth et al, 2011);36 applies only to
impacts with cars; RR for motorcycle deaths (Teoh and
Lund, 2011)7 and non-fatal injuries (Rizzi et al, 2015)32 for
motorcycle-ABS

Overall effects of vehicle design
An estimate of the combined effect of these technologies (note
that this cannot be obtained by combining the individual
estimates)

Table 3: Technology-specific modelling choices for vehicle safety technologies

calculated DALYs using a previously described burden
calculator.25

Sensitivity analysis
As described above, our analysis required many
assumptions, which are summarised in table 2.
Furthermore, there was substantial uncertainty associated
www.thelancet.com/lancetgh Vol 8 June 2020

with various model inputs. We characterised this
uncertainty by doing a sensitivity analysis that was based
on recalculating results under alternative modelling
assumptions. We reported the minimum and maximum
values derived from modelling all possible combinations
of the following variations to the main estimates:
(1) baseline traffic injury estimates: we used maximum
e823
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Argentina

Brazil

Colombia

Ecuador

Mexico

Uruguay

LAC region

Road traffic deaths in 2016
Pedestrian

646

14 182

2011

1161

9193

98

Bicyclist

129

1969

343

77

799

17

4320

Motorcyclist

1939

15 713

3040

1161

2451

330

30 444

Occupant

3232

16 125

522

890

7451

161

38 189

517

735

947

581

458

16

4944

6463

48 724

6863

3871

20 351

623

117 551

Others
Total

39 653

Estimates of deaths averted (sensitivity analysis range)
ABS

9·0% (2·7–15·5)

10·6% (3·3–19·2)

14·0% (3·4–23·2)

9·7% (3·0–17·8)

7·8% (3·0–14·1)

11·7% (3·6–24·6)

9·6% (3·1–17·4)

ESC

20·9% (9·8–34·0)

20·7% (8·7–33·1)

18·1% (6·4–30·4)

17·7% (7·2–28·5)

17·8% (8·8–28·6)

24·0% (8·3–36·9)

19·4% (8·6–31·1)

Seatbelt

12·1% (9·1–15·5)

19·9% (13·9–23·9)

12·3% (9·2–15·8)

2·4% (2·1–3·6)

9·8% (6·4–11·0)

15·4% (10·2–17·5)

8·5% (7·2–12·4)

Airbag-front

4·9% (2·8–6·7)

3·6% (1·9–4·4)

0·9% (0·4–1·0)

2·5% (1·3–3·1)

4·0% (2·1–4·9)

3·0% (1·5–3·5)

3·5% (1·8–4·3)

Airbag-side

4·3% (2·5–5·2)

2·9% (1·7–3·5)

0·6% (0·4–0·8)

2·0% (1·2–2·4)

3·2% (1·8–3·8)

2·3% (1·3–2·7)

2·8% (1·6–3·4)

Side door beam

0·2% (0·1–0·3)

0·1% (0·1–0·2)

0·1% (0·0–0·1)

0·2% (0·1–0·2)

0·1% (0·0–0·2)

0·1% (0·1–0·2)

Side structure and padding

2·5% (1·3–3·2)

1·6% (0·8–2·1)

1·1% (0·6–1·5)

1·8% (0·9–2·4)

1·3% (0·7–1·7)

1·6% (0·8–2·1)

Side-impact optimisation

9·7% (4·8–10·0)

6·4% (3·2–6·6)

1·5% (0·7–1·5)

4·5% (2·2–4·6)

7·1% (3·5–7·3)

5·1% (2·5–5·2)

6·3% (3·1–6·5)

Vehicle front-end
(pedestrian protection)

1·7% (0·7–3·1)

5·2% (1·9–9·0)

3·4% (1·9–9·0)

5·8% (2·0–9·2)

8·1% (3·0–13·9)

3·0% (1·0–4·8)

6·0% (2·2–10·4)

32·7% (16·0–42·7)

29·5% (13·2–41·1)

20·4% (7·7–34·2)

25·0% (10·5–35·2)

Overall

0%
0·4% (0·2–0·5)

27·6% (13·4–38·1) 30·6% (12·3–43·4)

28·1% (12·8–39·2)

ABS= antilock-brake systems. ESC=electronic stability control. LAC=Latin America and the Caribbean
Table 4: Estimates of the effect of improving vehicle design on road traffic deaths in six countries and the LAC region

100

Argentina
Colombia
Mexico
LAC region
Brazil
Ecuador
Uruguay

25

Reduction in deaths (%)

20

15

10

5

0

ABS

ESC

Airbag front

Seatbelt

Airbag side

Car safety technology

Side door beam

Side padding

Pedestrian
protection

Figure: Mortality reduction in Argentina, Brazil, Colombia, Ecuador, Mexico, Uruguay, and the Latin America and the Caribbean region by car safety technology
ABS=antilock-brake systems. ESC=electronic stability control. LAC=Latin America and the Caribbean.

and minimum values of the 95th uncertainty interval of
road injuries reported in the 2016 GBD,26 and WHO’s
Global Health Estimates;16 (2) crash configuration: we
e824

used the percentage of occupant injuries resulting from
frontal, side, and rear impact crashes in Germany,27 and
Japan;28 (3) technology penetration (including availability
www.thelancet.com/lancetgh Vol 8 June 2020
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Argentina

Brazil

Colombia

Ecuador

Mexico

Uruguay

LAC Region
2 506 516

DALYs lost to road traffic injuries in 2016
Pedestrian

39 898

856 924

133 741

70 803

615 077

5197

8026

119 627

22 948

4731

53 709

936

274 306

Motorcyclist

118 869

944 674

20 0926

70 414

162 714

17 423

1 912 278

Occupant

228 916

1 089 869

40 363

60 470

571 020

9746

2 733 641

33 335

45 905

65 914

36 504

31 858

899

3 24 088

429 044

3 057 000

463 892

242 922

1 434 377

34 200

7 750 830

Bicyclist

Others
Total

Estimates of DALYs averted (sensitivity analysis range)
ABS

7·7% (2·1–14·3)

9·1% (2·1–18·1)

11·9% (1·8–22·3)

8·4% (1·8–16·8)

5·5% (0·7–12·3)

10·5% (2·8–23·8)

7·8% (1·6–16·1)

ESC

19·1% (8·3–31·6)

18·7% (6·4–31·4)

15·8% (3·5–29·2)

15·9% (5·2–27·3)

14·7% (4·5–26·0)

22·3% (6·9–35·7)

17·0% (5·7–29·2)

Seatbelt

12·6% (9·4–16·3)

20·2% (14·1–24·5)

12·7% (9·5–16·5)

2·6% (2·3–4·0)

10·3% (6·6–11·5)

16·1% (10·5–18·3)

8·9% (7·5–13·1)

Airbag-front

4·2% (3·0–7·1)

3·2% (2·0–4·7)

0·8% (0·5–1·2)

2·3% (1·4–3·3)

3·4% (2·3–5·3)

2·6% (1·6–3·8)

3·1% (2·0–4·7)

Airbag-side

5·2% (1·9–6·3)

3·4% (1·4–4·1)

0·8% (0·3–1·0)

2·4% (1·0–2·9)

3·9% (1·4–4·7)

2·8% (1·1–3·4)

3·4% (1·3–4·1)

Side door beam

0·2% (0·1–0·4)

0·2% (0·0–0·2)

0% (0·0–0·1)

0·1% (0·0–0·2)

0·2% (0·0–0·3)

0·1% (0·0–0·2)

0·2% (0·0–0·2)

Side structure and
padding

3·0% (1·0–3·9)

1·9% (0·7–2·5)

0·5% (0·2–0·6)

1·4% (0·5–1·8)

2·2% (0·7–2·9)

1·6% (0·5–2·1)

1·9% (0·7–2·5)

11·7% (3·7–12·1)

7·7% (2·7–7·9)

1·9% (0·6–2·0)

5·3% (1·9–5·5)

8·7% (2·8–9·0)

6·3% (2·0–6·4)

7·7% (2·5–7·9)

1·6% (0·6–2·9)

5·0% (1·8–8·6)

3·3% (1·9–8·9)

5·6% (1·9–9·0)

7·7% (2·8–13·2)

2·9% (1·0–4·7)

5·8% (2·1–10·0)

Side-impact
optimisation
Vehicle front-end
(pedestrian
protection)
Overall

33·1%
(16·9–43·3)

29·9%
(13·9–41·7)

20·3%
(8·3–34·6)

25·2%
(11·0–35·7)

28·3%
(14·1–38·8)

30·7%
(13·2–44·1)

28·6%
(13·5–39·8)

ABS=antilock-brake systems. DALY=disability-adjusted life year. ESC=electronic stability control. LAC=Latin America and Caribbean.

Table 5: Estimates of the effect of improving vehicle design on health loss (disability adjusted life years lost) due to road traffic crashes in six countries in the LAC region

and use of seatbelts): for countries for which data on
penetration of a particular technology was not available,
we used the maximum and minimum values for other
countries; and (4) relative risks: we included the maximum
and minimum values of the 95th CI of the relative risk
reported in the studies selected from the systematic
review. For the overall effect of vehicle design
improvements, we additionally modelled baseline fleet
safety characteristics as similar to the US vehicle fleet in
1980 and 2000.

Role of the funding source
The funder approved the study design and helped to
connect with national agencies that provided data. The
funder of the study had no role in study design, data
analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.

Results
Our findings suggest that increasing the availability of
selected vehicle safety technologies will have a large
effect on reducing road traffic deaths and DALYs in the
LAC region. Tables 3 and 4, and the figure, summarise
the estimated effect of vehicle safety technologies on
lives saved and DALYs averted in the six focus countries
(Argentina, Colombia, Costa Rica, Ecuador, Guatemala,
and Uruguay) and the LAC region.
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Increasing use of motorcycle-ABS would have a large
benefit for motorcyclists, resulting in 21% fewer
motorcyclist deaths in the region. Similarly, increasing
use of four-wheeler ABS would provide large benefits for
pedestrians (8·5% fewer deaths). The gains would be
smallest for occupants. The overall effect was 10%
(sensitivity analysis range 3·1%–17·4%; table 4) fewer
road traffic deaths and 8% (1·6–16·1; table 5) fewer
DALYs in the LAC region. These benefits were largest for
countries (eg, Colombia) that had a high incidence of
motorcyclist and pedestrian injuries. In addition to the
large benefits to motorcyclists and pedestrians from
ABS, electronic stability control would provide large
benefits for occupants. Full penetration of electronic
stability control in the vehicle fleet would result in 19%
(8·6–31·1) fewer deaths and 17% (5·7–29·2) fewer DALYs
in the region.
Seatbelts provided large benefits to occupants but had
no effect on non-occupant injuries (eg, injuries sustained
by pedestrians, bicyclists, and motorcyclists). Increasing
seatbelt use would reduce deaths by 12% (sensitivity
analysis 9·1–15·5) and DALYs by 13% (9·4–16·3) in the
LAC region, but these estimates vary substantially for
countries. For example, Argentina, which had a large
proportion of occupant injuries and relatively low
(compared to high-income countries) use of seatbelts,
overall DALYs would be reduced by 20% (14·1–24·5), in
contrast with Colombia, where DALYs would be reduced
by only 3% (2·3–4·0). Similarly, frontal airbags only
e825
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provided protection to occupants. However, frontal
airbags were less effective at reducing injuries than
seatbelts and were already commonly available in
vehicles. As a result, increasing penetration of frontal
airbags would result in only 4% (1·8%–4·3%) fewer
deaths and 3% (2·0–4·7) fewer DALYs in the LAC region.
Of the three side-impact technologies assessed, side
door beams would have the least effect, with reductions
in deaths and DALYs of less than 0·5%, even in countries
in which occupant injuries are dominant. Side structure
and padding, and side airbags were more beneficial than
side door beams, with reductions in DALYs of 2%
(sensitivity analysis range 0·7%–2·5%) for side structure
and padding, and 3% (1·3–4·1) for side airbags, in the
LAC region. However, developing a system for side
impact protection, in which individual technologies are
optimised to work together, would have large benefits.
Increasing the availability of such vehicles would result in
6% (3·1–6·5) fewer deaths in the region. In Argentina,
where occupant injuries are common, there would be
10% (4·8–10·0) fewer deaths.
Improving vehicle front-end design for pedestrian
protection would result in large gains for pedestrians (ie,
18% fewer pedestrian deaths in the LAC region). In
countries where pedestrian injuries dominate, overall
DALYs lost to traffic injuries would be reduced. For
instance, in Mexico, DALYs would be reduced by 8%
(sensitivity analysis range 2·8%–13·2%) but the gains in
Argentina, Colombia, and Uruguay, where a smaller
proportion of traffic injuries involve pedestrians, would
be less than half that in Mexico. In the LAC region,
improving vehicle front-end design would result in 6%
(2·1–10·0) fewer DALYs. These estimates do not account
for the potential spillover benefits to bicyclists and
motorcyclists.
Our estimates suggest large overall reductions in deaths
and DALYs from improvements in vehicle design in all
countries analysed. The gains are highest for Argentina
(33% fewer DALYs) and lowest for Colombia (20% fewer
DALYs). In the LAC region, improving vehicle design
would result in 28% (sensitivity analysis range
12·8%–39·2%) fewer deaths, and 29% (13·5%–39·8%)
fewer DALYs.

Discussion
We showed that the wide availability of proven vehicle
safety technologies would result in large gains in the
LAC region and LMIC, more generally. Notably, our
analysis restricts attention to technologies that have been
available for many years in HICs, and whose real-world
effects have been established. In fact, there are many
emerging technologies that hold great promise, including
some, such as automatic emergency braking37 and lane
departure warning,38 that evaluations suggest will have
large beneficial effects.
In particular, we find that increasing availability of
electronic stability control, which build on ABS, would
e826

provide the largest benefits. Although evaluations of ABS
for occupant safety have shown mixed results (ie, the
benefits for occupants are not proven), ABS provide
modest benefits for pedestrians.9 Motorcycle-ABS, in
particular, are one of the few vehicle technologies that
have large benefits for motorcyclists, who make up the
largest share of traffic deaths in many LMICs in the
region (eg, Colombia and Uruguay) and globally.5
Similarly, improving the crashworthiness of cars will
have a large benefits for countries in which occupants
comprise a large proportion of traffic injuries
(eg, Argentina). Seatbelts are a highly effective technology
that are already available in almost all vehicles in the
region, but seatbelt use is low. The LAC region needs to
strengthen the enforcement of belt use laws to derive the
benefits of this technology. Finally, although vehicle
front-end design has a large effect on pedestrian
injuries,36,35 regulations apply only to the design of cars.
However, unlike HICs, where cars are the primary threat
to pedestrians, in most LMICs, pedestrians are killed in
crashes with other vehicles, especially buses and trucks,
which need to be included in such regulatory efforts.
There is substantial uncertainty in our estimates due to
the uncertainty in inputs (summarised in table 2), not all
of which could be modelled. Notably, the 2016 GBD26 and
WHO’s global health estimates16 provide differing
estimates of the national incidence of traffic injuries in
the region, which we model in our sensitivity analysis.
Data for the distribution of crash configurations (eg, front,
side, rear, and rollover) were not available from any
countries in the region. Therefore, we used data for crash
configurations from the USA for our main estimates and
included data from Germany and Japan in the sensitivity
analysis. Although crash configurations in these two
countries did not differ substantially from the USA, it is
possible that differences in crash configuration would be
larger in countries with less developed highway infra
structure. There are very little available data in the region
on the prevalence of vehicle design technologies. Our
analysis used the range of prevalence estimates from only
three countries to generate estimates for the entire
region. Finally, our analysis assumes that the benefits of
these technologies in the LAC region would be similar to
those in HICs where their effects on safety were evaluated.
Although we model the uncertainty in relative risks
reported in these evaluations, it is important to note that
deriving the full benefits of technologies often requires
supportive structural design. For instance, the effective
ness of an airbag at preventing injuries depends on
whether seatbelts are being used.9 Airbag and seatbelts
are also more effective when crashworthiness design of
the vehicle front-end ensures that the passenger
compartment does not collapse. Therefore, although our
analysis focuses on assessing the effect of technologies,
the purpose of the analysis is not to promote particular
technologies but to encourage regulatory efforts that will
improve overall vehicle safety design.
www.thelancet.com/lancetgh Vol 8 June 2020
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Our finding of the large benefits of improving vehicle
design raises an important question: what motivated
manufacturers to improve vehicle design in HICs? There
are two policy mechanisms that have driven advances in
vehicle safety in HICs.39 First, regulations were instituted
that required all cars that were sold to provide a minimum
threshold of safety. Second, HICs established NCAPs
that tested cars in conditions that were more stringent
than regulations and change more often than regulations.
Safety ratings from NCAPs had a large influence on
consumer choices and created strong market forces for
manufacturers to improve safety design. In fact, there is
strong evidence from the USA and Europe that car
manufacturers respond to changing NCAP test require
ments by redesigning cars to be safer.7,39,40 Typically, these
engineering efforts have involved the development of
safety technologies and optimising how they work
together to provide the maximum safety benefits. For
instance, auto manufacturers responded to new NCAP
tests in the USA by design modifications that reduced
the probability of death in side impacts by 70%.7 As our
analysis highlights, the benefit from the optimised
response far exceeds the benefits of the individual side
impact technologies.
The time it takes for new technology to become
pervasive in the vehicle fleet is much shorter in rapidly
motorising countries. Contrary to popular belief, the
vehicle fleet in LMICs tends to be young. Based on our
fleet evolution model, almost three-quarters of vehicles
in use in the LAC region are less than 10 years old. In
fact our analysis suggests that if vehicle safety
technologies had been introduced in all new cars at the
start of the UN Decade of Action for Road Safety
(2011–20), by now there would be approximately 21%
fewer traffic deaths in the LAC region, leaving this
region much closer to SDG 3.6 of halving traffic deaths
by 2020.
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