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Abstract
Background

Road traffic injuries (RTIs) are a growing but neglected global health crisis, requiring effec-

tive prevention to promote sustainable safety. Low- and middle-income countries (LMICs)

share a disproportionately high burden with 90% of the world’s road traffic deaths, and

where RTIs are escalating due to rapid urbanization and motorization. Although several

studies have assessed the effectiveness of a specific intervention, no systematic reviews

have been conducted summarizing the effectiveness of RTI prevention initiatives specifi-

cally performed in LMIC settings; this study will help fill this gap.

Methods

In accordance with PRISMA guidelines we searched the electronic databases MEDLINE,

EMBASE, Scopus, Web of Science, TRID, Lilacs, Scielo and Global Health. Articles were

eligible if they considered RTI prevention in LMICs by evaluating a prevention-related inter-

vention with outcome measures of crash, RTI, or death. In addition, a reference and citation

analysis was conducted as well as a data quality assessment. A qualitative metasummary

approach was used for data analysis and effect sizes were calculated to quantify the magni-

tude of emerging themes.

Results

Of the 8560 articles from the literature search, 18 articles from 11 LMICs fit the eligibility and

inclusion criteria. Of these studies, four were from Sub-Saharan Africa, ten from Latin America

and the Caribbean, one from theMiddle East, and three from Asia. Half of the studies focused

specifically on legislation, while the others focused on speed control measures, educational inter-

ventions, enforcement, road improvement, community programs, or amultifaceted intervention.
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Conclusion

Legislation was the most common intervention evaluated with the best outcomes when com-

bined with strong enforcement initiatives or as part of a multifaceted approach. Because

speed control is crucial to crash and injury prevention, road improvement interventions in

LMIC settings should carefully consider how the impact of improvements will affect speed and

traffic flow. Further road traffic injury prevention interventions should be performed in LMICs

with patient-centered outcomes in order to guide injury prevention in these complex settings.

Introduction
Road traffic injuries (RTIs) are a growing but neglected global health crisis, requiring effective
prevention to promote sustainable safety. RTIs are the eighth leading cause of death, accounting
for 75.5 million disability-adjusted life years (DALYs) globally in 2010 [1]. Every year, about 1.2
million people lose their lives on the roads and another 20–50 million people sustain non-fatal
injuries due to road traffic crashes [2]. A disproportionately high burden of road traffic deaths
and injuries occur in low and middle income countries (LMICs) (90%) and the burden is escalat-
ing due to rapid urbanization and motorization [2]. If appropriate actions are not taken, road
traffic injuries are estimated to become the third leading cause of death and injury by 2020 [3].

Road traffic injuries are predictable and preventable. Despite the growing burden of RTIs
globally, multiple intervention strategies and projects have contributed to a significant reduc-
tion of the burden of road traffic injuries in many high-income countries [4]. Empirical evi-
dence for effective interventions is extensive, including enforcement of legislation on speed
control and alcohol consumption, promotion of seatbelt and helmet utilization, and safer
design and use of roads and vehicles [5]. A Global Plan for the Decade of Action for Road
Safety 2011–2020 has been developed to guide efforts at national and local levels to reduce the
forecasted level of road traffic fatalities around the world. The aim is to strengthen institutional
capacity on road safety management and improve the health system for post-crash response
[6]. Unfortunately, most of the data to date has been conducted in high-income settings and
has focused on vehicle occupants rather than the highly vulnerable road users in LMICs [7].

Although several studies have assessed the effectiveness of a specific intervention through a
systematic review approach [8], none have been conducted to provide policy makers and
researchers with a summary of evidence on the comparative effectiveness of road traffic injury
prevention interventions specifically performed in LMIC settings. While LMICs should avoid
repeating high income country (HIC) studies showing the effectiveness of safety equipment
(i.e. helmet use reduces deaths), it is imperative in resource-constrained settings to conduct
pragmatic trials and comparative effectiveness studies to show the impact and cost of these
safety measures in order to create strategic priorities. Therefore, the aim of this study is to iden-
tify road traffic injury prevention initiatives tested in LMICs in the literature and perform a
metasummary to determine their effectiveness at reducing crashes, injuries or fatalities.

Methods

Protocol and Registration
This systematic review is reported in accordance with the Preferred Reporting Items for Sys-
tematic Review and Meta-Analyses (PRISMA) Statement [9], and is registered in the PROS-
PERO database (International Prospective Register of Systematic Reviews) under the number
CRD42015019794.
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Eligibility Criteria
Our primary criteria for article consideration was evaluation of a road traffic injury prevention
initiative conducted in a LMIC according to the World Health Organization criteria. To be
included, articles had to be related to road traffic injury, evaluate a prevention-related interven-
tion, evaluate an outcome (crash, injury, or death), and be peer-reviewed and published in
English, Spanish, German, French, Swahili, Turkish, Arabic, or Chinese. Articles were excluded
if they were abstracts, literature or systematic reviews, meta-analyses, or commentaries.

Information Sources
We searched the electronic databases MEDLINE, EMBASE, Scopus, Web of Science, TRID,
Lilacs, Scielo, and Global Health for articles that evaluated a road traffic injury intervention in
a low- or middle-income country. Articles were chosen without any limitation on the language
of the article. Additionally, we manually searched the references of the included articles and
also performed a citation analysis of the included studies using Web of Science and Google
Scholar for any citation appearing to meet the inclusion criteria based on the title and abstract.

Search
The initial search comprised of the MeSH terms ‘Traffic Accident’ or ‘Injuries’ or ‘Low or Mid-
dle Income Countries.’ Appendix 1 demonstrates the search strategy used in PubMed, Embase,
and Web of Science databases.

Study Selection
We retrieved a total of 8560 articles which met the inclusion criteria. Five pairs of reviewers
independently reviewed the titles and abstracts. Abstracts that did not provide enough infor-
mation regarding the eligibility criteria were retrieved for full-text evaluation. Reviewers inde-
pendently evaluated full-text articles and determined study eligibility. Disagreements were
solved by consensus and if disagreement persisted, a third reviewer’s opinion was sought.

Quality of Studies
Since our systematic review included studies of different designs (randomized control trials,
non-randomized intervention, longitudinal with stepped wedge design, interrupted time-series,
or secondary data/cross-sectional with before and after comparison) we opted to perform a
data quality assessment according to study design using different approaches: (a) STROBE
indicators for reporting observational studies; (b) two scales for non-randomized studies: the
ACROBAT-NRS [10] and NOS [11]; (c) Cochrane's GRADE [12] mechanism for randomized
studies; and (d) EPOC suggested risk of bias indicators for interrupted time series studies
(EPOC) [13]. We assigned risk of bias (low, moderate and high risk) as suggested by the
Cochrane Handbook [14] by study design. Studies were classified as high, moderate, and low
risk of bias as such: (a) high risk when more than one indicator measure of bias was present
across scales; (b) moderate risk when there is one indicator for bias across scales; (c) low risk
when all indicators measure low or absence of bias. No studies were excluded from extraction
based on risk of bias; however, studies’ contributions to the review results were analyzed in
context of their risk of bias level.

Data Extraction
Five pairs of reviewers independently conducted the data extraction and any disagreements
that arose were resolved by a third reviewer. General characteristics of the studies, such as year
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of publication, location of study, and number of injuries or fatalities, were collected. In addi-
tion, information on health-related outcome measures, prevention type, prevention impact, or
effectiveness measured as an effect size of outcome measures was extracted. The main outcome
measures were head injury, overall injury, deaths, crashes, and helmet use.

Data Analysis
Initial evaluation of the papers indicated that a meta-analytical approach would not be possible
because of a high methodological variability (e.g. outcome measures, study designs, and sample
characteristics). Therefore, we opted for a qualitative metasummary which aggregated qualita-
tive findings from qualitative and quantitative studies [15] by grouping relevant findings from
included studies into categories that represent the study's objectives, in our case, effectiveness
of RTI prevention. The process involved in summarizing the main results of each included
paper and performing a thematic analysis. Emerging themes,specifically types of interventions
and main outcomes, were evaluated for each paper.

Effect sizes (ESs) are calculated to imply magnitude of emerging themes. ES value is calcu-
lated by dividing the number of studies containing a specific theme (excluding any duplicated
findings) by the total number of included studies, resulting in a proportion expressed as per-
centage. Intensity of ES (IS) is then calculated to indicate which themes contributed more to
answering the question (was more frequent among included papers) by dividing the number of
findings contained in the study by the total number of findings across all studies, and which
papers are "stronger" or "weaker" based on their contribution to answering the research ques-
tion by dividing the number of findings with ESs>25% contained in that study by the number
of findings with ESs>25% across all studies. This information is useful to improve interpreta-
tion based on a qualitative metasummary approach. It also helps to determine whether any
findings were derived largely from “weaker” studies, which reports contributed most of the
findings with the largest frequency effect sizes across reports, and which reports contained
findings no other reports contained [16].

Reproducibility
This paper followed the framework for reproducible research reports [17]. Dataset (in.csv for-
mat) and analysis codes are shared through our github repository (joaovissoci/prevention_sr).
The codes are linked to the data set and functional. All this material and other information can
also be found gathered in our project's website (https://sites.google.com/site/
dghiroadtrafficinjurypreventio/). All documents are licensed with Creative Commons Attribu-
tion, Non-commercial 3.0 License.

Results

Study Selection and Description
Through a database search, 8560 articles were initially identified which yielded 18 final articles
that fit the inclusion/exclusion criteria “Fig 1”.

Of these 18 included studies, we extracted 19 types of intervention. Four studies were from
Sub-Saharan Africa, 10 from Latin America and the Caribbean (a study fromMexico had two
different types of interventions), one from the Middle East, and three from Asia “Fig 2”. Half of
the studies focused specifically on legislation (9), while the others focused on speed control
measures (1), public awareness/education (4), enforcement (2), road improvement (1), and a
multifaceted intervention (with legislation and education interventions) [18]. The
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characteristics of each manuscript are described further in Table 1 and the intervention types
and summary of outcomes are included in Table 2.

Quality of Studies. Our quality of studies evaluation indicated that seven studies had at
least one bias indicator. Specifically, the main risk of bias common among the studies was a
lack of appropriate data analysis methods for studies with a time-series design. Several studies

Fig 1. Study flow diagram.

doi:10.1371/journal.pone.0144971.g001
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conducted an observational study with an interrupted time-series design but did not use a
time-series analytical approach (e.g. ARIMA models) [27] [29] [30] pooling the pre- and post-
intervention data, or they did not apply an inferential statistical approach [31] [33]. Other
sources of bias found were not clearly indicating data sources [27], and sample size adequacy
and/or characteristics [29] [32]. In relation to data quality, since most included studies dealt
with secondary data analysis, one common issue was failure to address underreporting or miss-
ing data practices, which is a major concern with registry data in LMICs. However, 11 studies
reported good quality in relation to the risk of bias. Based on these results and the heterogene-
ity of study characteristics, our option to report descriptively is justified and the risk of
observed bias has only a small impact on our results. Most studies report a reduction in the
prevalence of deaths, crashes, or RTIs. Few studies report the prevalence of hospital admissions
or alcohol.

Synthesis of RTI Prevention Studies. Metasummary results are presented in “Fig 3”,
showing a larger ES for legislation followed by public awareness and enforcement. Death
reduction was the most intense emerging outcome theme related to RTI prevention initiatives,
followed by crash reduction and RTI reduction. Through the network display, it is clear that
most significant outcomes are directly linked to legislation, while the other intervention meth-
ods are more inconsistent related to outcome. Most research focused on the type of crash,
number of road crashes in a defined time period, and reported fatalities or injuries. Surpris-
ingly, road improvements may increase road traffic injuries Each emerging prevention theme
is discussed individually below.

Legislation. Nine studies evaluated the impact of legislation intervention on RTI out-
comes. Early data from Brazil in 1995 [25] investigated official registries to evaluate the effect
of legislation on seat belt usage and speed limit legislation, and found an increase in traumatic

Fig 2. Map of the location and type of intervention evaluations included.

doi:10.1371/journal.pone.0144971.g002
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brain injuries and RTC but a decrease in deaths, although no statistical measures were applied.
A second study from Brazil [31] analyzed data from emergency care visits for RTIs before and
after the introduction and enforcement of the 1998 Brazilian Traffic Code. While only an asso-
ciation, the authors found a 24.7% drop in immediate road traffic fatalities and a 21.3% reduc-
tion in crash incidence.

Another Brazilian study evaluating the Brazilian Traffic Code [23] found that while traffic
crash mortality rates initially decreased, these rates began to rise again after legislation had
been in place for over a year. Similar legislation was passed in Ethiopia [19], and the combina-
tion of improving current road legislation and adding new road safety laws (mandatory

Table 1. Road Traffic (RT) Injury Prevention Study Characteristics.

Authors Geographic
Region

Prevention Type Study Design Targeted
Population

Risk of
Bias

Outcome Measures

Abegaz et al., 2014
[19]

Ethiopia Legislation Interrupted time series All road users Low RTC per 10,000
vehicles,RT deaths per
10,000 vehicles

Andreuccetti et al.,
2011 [20]

Brazil Legislation Interrupted time series Vehicle drivers Low RT injuries,RT deaths

Bacchieri et al., 2010
[21]

Brazil Education Non-randomized intervention
—Longitudinal with steeped
wedge design

Cyclists Low Cyclist crashes,Cyclist
'near miss'

Bishai et al., 2008 [22] Uganda Enforcement Interrupted time series/Cost-
Effectiveness

All road users Low RT deathsRT crashes

Chandran et al., 2014
[18]

Mexico Multifaceted
(legislation and
education)

Interrupted time series All road users Low RT crashes,RT injuries,
RT deaths

de Andrade et al., 2008
[23]

Brazil Legislation Interrupted time series All road users Low RT deaths

Espitia-Hardeman
et al., 2008 [24]

Colombia Legislation Interrupted time series Motorcyclists Low RT deaths

Farage et al., 2002 [25] Brazil Legislation Cross-sectional All road users Moderate TBI cases,RT crashes,
RT deaths

Gómez-García et al.,
2014 [26]

Mexico Legislation Interrupted time series All road users Low Alcohol RT crashes,
Alcohol-related RT
injuries

Guanche Garcell et al.,
2008 [27]

Cuba Enforcement Cross-sectional/Time-series Vehicle drivers High RT crashes,RT deaths,
RT injuries

Ichikawa et al., 2003
[28]

Thailand Legislation Interrupted time series Motorcyclists Low Motorcycle crashes

Nadesan-Reddy &
Knight, 2013 [29]

South Africa Speed Control Interrupted time series All road users High Pedestrian/Vehicle RT
crashes

Passmore et al., 2010
[30]

Viet Nam Legislation Interrupted time series All road users Moderate Risk for head injuries
among RT injuries
patients, RT deaths

Poli de Figueiredo
et al., 2001 [31]

Brazil Legislation Interrupted time series All road users Moderate RT crashes,RT deaths

Rahimi-Movaghar,
2010 [32]

Iran Community Cross-sectional/Community
comparison

All road users Moderate RT injuries,RT deaths

Salvarani et al., 2008
[33]

Brazil Education Interrupted time-series Vehicle drivers Moderate RT injuries,RT trauma
severity,RT deaths

Swaddiwudhipong
et al., 1998 [34]

Thailand Education Community RCT Motorcyclists Low RT injuries

Zimmerman et al.,
2015 [35]

Tanzania Road Improvement Non-randomized intervention
Longitudinal with steeped
wedge design

All road users Low RT injury rate

doi:10.1371/journal.pone.0144971.t001
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motorcycle helmet usage, banning cellular phone usage when driving, and seat belt laws)
resulted in a reduction of deaths, overall injury, and crashes.

Legislative measures implementing a single road safety measure may also be effective. One
study in Brazil [20] suggested that legislation decreasing the legal blood alcohol content (BAC)
level from 0.06 g/L to 0.02 g/L was associated with a significant (p<0.05) reduction in both
traffic fatalities (7.2% to 16%) and injuries (1.8% to 2.3%). As expected, areas with higher levels
of police enforcement demonstrated higher levels of effective legislation. Similarly, in 2010,
Mexico also implemented legislation to reduce the legal BAC to 0.05 g/L, with increasing penal-
ties with increasing BAC [26] [24]. This legislation was associated with a reduction of 5.7% in

Table 2. Intervention description and summary of outcomes.

Intervention Type Intervention Description Summary of Outcomes

Legislation [19] [20] [28]
[23] [31] [26] [30] [24] [25]

Improved road safety policy with laws and higher penalties Overall RTI reduction range from 1.8% to 33.5% in all road
users and 10.5% in motorcycle drivers.

Blood alcohol concentration (BAC) level reduction

Specifically, head injury reduction of 16% to 33% in
motorcyclists.

Legislation on helmet, seat belt, and cell phone use

Hospital length of stay reduction of 14.7%. RT-related ER
admissions reduced 17.7% to 33% within road users.
Alcohol-related death reduction of 5.7%.

Increase of penalty and application of a scoring system to
license withdrawal

Crash reduction range from 10.5% to 21.3%.

Death reduction range from 7.2% to 33.2% in all road users.
Motorcycle drivers had reports of reduction in 5.7 deaths/
month and 7.1% to 16.4% in deaths. Some reports showed
non-significant reduction of death in motorcyclists.

Time trend showing change right after law implementation
and monthly rate decrease of 5.1 crashes and 1.96 deaths,
with reports of non-significant time trend change in mortality.

Enforcement [22] [18] [27] Increase of police enforcement Death reduction of 17% or 118 lives saved, reduction in
crashes and fatal crashes.Training on technology for enforcement

No significant reduction to death and injuries, but decrease
of 58% in crash frequency.

Setting target enforcement practices

Public Awareness/
Education [21] [32] [34]
[18] [33]

Application of the WHO Safe Community model No significant difference in injury trends or in crashes or
alcohol use in motorcycle drivers.

Education for motorcyclists/ bicyclists Reduction of 21% in RT deaths in all road users. Increase of
mild and decrease in moderate (16%) and severe trauma
(51%).

Social marketing with mass media and road signs Injury deaths decrease (23.3%) compared to control
communities among all road users.

Education and training using health centers and schools/
universities

Reduction of 18.3% in near miss accidents with cyclists and
approximately 50% reduction in incidence.

Speed Control [36] [29] Speed control evaluated by interventions of harder
legislation for speed control and insertion of rumble strips
(speed bumps)

No significant crash reduction regarding speed legislation.

Rumble strips decreased RT fatalities from 55% to 68%,
crashes by 33%, and pedestrian-vehicle collisions by 23%.

Road Improvement [35] Comparison of a repaved with an unpaved road RTI significantly higher in intervention compared to the
control.

doi:10.1371/journal.pone.0144971.t002
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alcohol-related deaths, with an atypical 0% deaths in December 2010 and July 2011. A signifi-
cant reduction in crashes was also observed.

Results from motorcycle drivers specifically showed that in Colombia (1993–2001), a
sequence of legislation about safe habits showed an impact in deaths of 12.3% to 16.4% in the
following year [24]. However, this effect was decreased after initial impact and due to a discon-
tinued enforcement. Ultimately, as a conjoint analysis, deaths decreased in a rate of 5.7 deaths/
month. In 1996, Thailand implemented a mandatory helmet law for motorcyclists. A study to
evaluate any effect of this legislative change compared motorcyclist fatalities and injuries at a
regional hospital from January 1994 to December 1997 and found that while fatalities did not
decrease, there was a 33.5% reduction in the number of motorcycle-related injuries, and inju-
ries seen were less severe [28]. Not specifying the driver population, a report from Viet Nam
also tested the impact of a helmet use law in 2007 [30] [24]. The result showed a difference
from before and after crash prevalence of 10.5%, while risk for deaths decreased 18%. They also
observed a decrease of 16% in the risk for RTI head injury.

Enforcement. Two studies focused in particular on the enforcement of existing road traffic
safety measures. One study in Uganda increased police presence on four major roads in the
capital city of Kampala; results found a point reduction of 17% in the number of road traffic
deaths on these roads [22]. Another study in Mexico examined the effect on increasing drunk-
driving law enforcement while also increasing seat-belt awareness campaigns in two major cit-
ies; this involved a focus on enforcement during the first year and the addition of the awareness
campaign in the second year. Results revealed a decrease in road traffic crashes after the first
year, but no significant reduction in deaths or injuries was seen in either year [18].

Public Awareness/Education. Five studies examined the effectiveness of public awareness
and educational campaigns. In Mexico, an awareness campaign targeting seat belt and child

Fig 3. Synthesis of Road Traffic Interventions and Outcomes.

doi:10.1371/journal.pone.0144971.g003
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restraint use was added in the second year of a project after a one-year law enforcement cam-
paign. Similar to the evaluation results after the first year of the study, the public awareness
campaign had a reduction in RTC but not in fatalities or injuries. Another study, in Brazil, per-
formed a multifaceted public awareness/education intervention campaign [33] focusing on
educational training in health centers and schools/universities, and public awareness campaign
with media distribution of videos, souvenirs, and pamphlets. Results showed small increases in
outcomes such as crashes and injuries, but also found a 26% decrease in deaths as well asmode-
rate and severe trauma. Also, the same study reported a 25.6% decrease in ICU admissions due
to RTI.

Two other educational interventions evaluated in Brazil and Thailand consisted of pre-post
surveys with control groups and an educational intervention which focused on safety and
injury rates for bicyclists and motorcyclists, respectively [34] [21]. Results support that educa-
tion interventions reduced overall injuries (10.1% fewer injuries), crashes (12.0% fewer
crashes), and increased helmet use (25.5% more helmet use). No impact was observed on
deaths. In the Brazilian bicyclist study, however, low attendance was also an issue, with only
45% of cyclists attending the educational program.

Finally, one article evaluated the introduction of the World Health Organization Safe Com-
munity (SC) model in an Iranian county [37]. Evaluation of this intervention compared the
injuries reported at the emergency department of the intervention county and 44 other coun-
ties in Iran. When compared to the other counties, there was a significant decrease in injury
rate (23.3%) for three years after implementing the SC model [32].

Speed Control. Traffic calming bumps, or speed bumps, are also another method of speed
control. In a South African study, an interrupted time-series study examined the effect of speed
bumps in two different residential locations. The addition of speed bumps reduced the number
of serious pedestrian-vehicle collisions by 22% and 23% while fatal pedestrian-vehicle collisions
decreased by 50% and 68% in the two different locations [29].

Road Improvement. One study examined improvement of road quality through the pav-
ing of a highway. This Tanzanian study compared reported injuries in two separate rural com-
munities before and after one community paved the highway. The study found that after the
road was paved, RTIs increased in that community; an increase was also seen in the control
community, but it was not as significant [35].

Discussion
This is the first systematic review on RTI prevention initiatives’ effectiveness in LMICs. This
review found 18 manuscripts from 11 LMICs focusing on legislation, enforcement, public
awareness/ education, speed control and road improvement. These studies found legislation-
based interventions had the strongest evidence for road traffic crash, injury, and death reduc-
tion. This comprehensive review highlights the limited number and quality of manuscripts on
this topic and calls for more evaluations of RTI prevention initiatives in LMICs on patient-cen-
tered outcomes in order to inform policy makers’ priorities.

Given the known high burden of RTI which rests especially upon LMICs [38], there is lim-
ited evidence for effective interventions in these settings to guide future implementation priori-
ties. With 34 low income and 105 middle income economies, to have RTI prevention
intervention evaluations conducted in only 11 countries highlights the limited research in this
field [39]. There have been numerous calls for increased literature focusing on RTI, especially
in the setting of the UN’s Decade of Action for Road Traffic Injury Prevention 2010–2020 [40].
Similarly, multiple journals have published calls for research [41] [42], yet there has been a rel-
atively small increase in the literature found by this review at the middle of this decade of
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action. While there is an abundance of literature available in HIC about the effectiveness and
cost-effectiveness of RTI injury prevention initiatives (like helmet use and legislation), the
adaptation, implementation, and evaluation of these interventions to a LMIC setting is still
missing. Given the complexities of LMIC settings, the effectiveness and cost of certain interven-
tions in LMIC settings will allow for prioritization that takes into account the limited infra-
structure, implementation challenges, and limited funding inherent in these settings.

The majority of studies found were time-series and, while often methodologically sound
and of high quality, 7 of the 18 studies reported at least one indicator of bias, the most common
being a lack of appropriate data analysis methods for the time-series design. Other sources of
bias found included not clearly indicating data sources, sample size adequacy and/or character-
istics, and failure to address underreporting or missing data practices, which are likely common
occurrences in registry data of LMICs. Most studies relied on police, hospital records, and
trauma registries, all of which reported a reduction in the prevalence of RTCs, injuries, or
deaths. Performing a meta-analysis was extremely difficult given the multiple types of data
sources, outcomes tested, and differing interventions. This also highlights the difficulty with
comparing data from different locations. Similarly, the types of studies available show the chal-
lenges of performing randomized trials and patient outcome–centered trials in RTI prevention
in LMICs. As we continue to promote RTI prevention through research, mixed-methods and
advanced trials as well as standardized outcomes will be needed to further address challenges
in behavior change. For example, a study evaluating the effectiveness of a road traffic awareness
safety program in Ghana cited qualitative data on how people perceived the messaging, but
failed to measure any comparable outcomes, such as traffic injury rates [43].

Our results suggest that all types of intervention, other than road improvement, had some
data supporting an impact, albeit sometimes short-lived, on road traffic crashes, injuries, and
fatalities. Legislative interventions did have the most number of supporting articles as well as
the strongest evidence of reduction in crashes, injuries, and fatalities. In most of these settings,
the amount of safety or road use legislation is limited, so the potential benefit of well-designed
enforceable legislation is likely immense. A key message of our findings, and numerous other
sources, was that enforcement of legislation had an impact on the intervention success and sus-
tainability [44] [31] [45]. Concerningly, educational interventions, which are commonly
adopted due to low cost and low intervention complexity, in our review had limited effect.
These findings mirror findings from HIC which suggest that educational interventions have
limited evidence of effectiveness at injury or fatality reduction [46] [47]. Attendance and
behavior change from educational interventions are limited [48] [21] even in the setting of leg-
islation. As such, interventions should be multifaceted, focusing on education as well as legisla-
tion and should be closely evaluated for the enforcement challenges and possibilities to
increase their impact.

While the World Health Organization has suggested road safety audits, Zimmerman found
that road improvements lead to increased RTI [38] [35]. Unfortunately, the impact of Zimmer-
man’s road improvement was possibly higher vehicular speeds, which have been cited as a
major cause of RTI. While speed control with speed bumps has been found to be protective
against injuries, there were only two studies on these environmental changes in a LMIC [36]
[29]. Some studies attempting to improve the road environment by changing pedestrian behav-
ior to utilize bridges or underpasses failed due to perceived risks and inconvenience and instead
led pedestrians to increase their personal risk by creating their own path through traffic [49]
[50] [51]. Further evaluations of road safety audits and implementation initiatives should be
undertaken, especially in the complex road environments found in LMIC.
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Limitations
This study did have limitations which must be taken into account when evaluating our results.
Given our inclusive methodology, we ended up with multiple types of study design and out-
comes which made comparing the studies and performing a quantitative meta-analysis impos-
sible. However, if we had narrowed the types of studies to include only one type of study, we
would not have had enough studies to evaluate and conduct a meta-analysis given the paucity
of literature with similar methodologies on this topic. In an effort to find evidence that showed
a reduction in injuries/deaths rather than the adoption of a safety intervention only, we choose
patient-centered outcomes like injury or mortality rates. While this information presents a
stronger argument for prevention, it is also more difficult to capture in a LMIC setting with
limited data gathering infrastructure; as such, these manuscripts are less prevalent. The limited
number of articles identified could be indicative of the limitations in funding for implementa-
tion, evaluation, and publication about road traffic injury prevention initiatives. Therefore,
numerous other successful RTI prevention initiatives may be available in the grey literature
and not in the standard literature. We didn’t include the grey literature, as we wanted to high-
light those that have undergone the academic rigor of peer reviewed publication.

Conclusion
Our systematic review found a total of 18 articles that make up the evidence for road traffic
injury prevention initiatives evaluated in LMIC settings. Legislation interventions were the
most common and reduced road traffic crashes, injuries and deaths with the best results in the
setting of good enforcement initiatives. As expected, with legislation as well as education and
public awareness campaigns, a significant reduction in fatalities appeared immediately follow-
ing enactment with non-significant decreases over time. While public awareness and speed
control interventions alone appeared to have no significant effects on reducing road traffic
injuries or fatalities, when combining them into a multifaceted approach, they were shown to
be more effective at significantly reducing road traffic fatalities and injuries over time. Because
speed control is crucial to crash and injury prevention, road improvement interventions should
consider how the impact of improved roads will affect speeds and traffic flow. In LMICs where
enforcement and resources are limited, rumble strips could be effective at reducing road traffic
crashes and fatalities through speed control. Further road traffic injury prevention interven-
tions should be performed in LMICs with patient-centered outcomes in order to guide inter-
ventions in these complex settings.
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