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Abstract: Road traffic injuries remain a major contributor to premature mortality, especially in low- and 
middle-income countries. This study quantified the burden of premature mortality attributable to road 
traffic injuries in the Republic of Srpska by calculating Years of Life Lost (YLL) and Potential Years of Life 
Lost (PYLL), and assessed changes following the 2021 amendments to traffic safety legislation. A quasi-
experimental before–after design compared the periods 2011–2020 and 2021–2024. Mortality data 
were sourced from official demographic statistics and analysed using descriptive and inferential statisti-
cal methods. The results indicate a substantial decline in premature mortality. The mean number of 
road traffic deaths decreased by 27.9%, while YLL and PYLL were reduced by approximately 70%. Reduc-
tions occurred across all age groups, with the most pronounced decline among individuals aged 15-24 
years and among vulnerable road users, particularly pedestrians and bicyclists. The Haddon matrix was 
used as the primary analytical framework, organizing findings across pre-crash, crash, and post-crash 
phases. The observed changes were primarily associated with system-level interventions in the pre-
crash phase, particularly legislative and enforcement measures. Improvements in crash and post-crash 
determinants also likely contributed to reduced mortality. In conclusion, the reduction in premature 
mortality observed after 2021 is temporally associated with legislative amendments and aligns with a 
broader system-based road safety framework rather than isolated policy measures. Further research 
is warranted to quantify the contribution of individual interventions and to assess long-term trends.

Keywords: Road traffic injuries; premature mortality; Years of Life Lost (YLL); Potential Years of Life Lost 
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INTRODUCTION
Road traffic injuries represent a leading cause of prema-
ture mortality and disability worldwide, posing a signifi-
cant challenge to public health and development. Accord-
ing to the World Health Organization, approximately 
1.19 million individuals die each year as a result of road 
traffic crashes. Additionally, tens of millions experience 
non-fatal injuries that frequently result in long-term dis-
ability (WHO, 2023). These injuries disproportionately 
affect low- and middle-income countries and predomi-

nantly occur among younger, economically active pop-
ulations, resulting in considerable social and economic 
consequences (WHO, 2023; Murray et al., 2020). Beyond 
immediate human suffering, road traffic crashes impose 
a substantial burden on health systems, families, and na-
tional economies. Injuries frequently require extended 
medical treatment and rehabilitation, leading to reduced 
productivity and enduring social costs. As a result, traf-
fic injuries are increasingly analysed using population 
health metrics that encompass both mortality counts and 
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the broader effects of premature mortality (GBD, 2019; 
Collaborators, 2020).

Traditional mortality indicators quantify the num-
ber of deaths but fail to consider the age at death or the 
potential years of life lost due to premature mortality. 
To address this limitation, epidemiological research fre-
quently utilises measures such as Potential Years of 
Life Lost (PYLL) and Years of Life Lost (YLL). PYLL 
estimates premature mortality using a predefined age 
threshold, such as 65 or 75 years. In contrast, YLL is cal-
culated using standard life expectancy, representing the 
total number of years individuals would have lived had 
they reached the expected lifespan (Gardner & Sanborn, 
1990; Romeder & McWhinnie, 1977; WHO, 2010; Mur-
ray et al., 2012). The YLL indicator is a core component 
of the Global Burden of Disease (GBD) framework and 
the World Health Organization Global Health Estimates 
methodology. In this approach, YLL is determined by 
multiplying the number of deaths by the standard life 
expectancy remaining at the age of death. This method 
places greater emphasis on deaths at younger ages, pro-
viding a more comprehensive assessment of the soci-
etal burden of premature mortality (Murray et al., 2012; 
WHO, 2023).

Road traffic deaths constitute a leading cause of 
mortality worldwide, particularly in low- and middle-
income countries (LMICs), where more than 90% of 
fatalities occur. The burden is especially pronounced 
among vulnerable road users and young adults, notably 
those aged 15–29 years (WHO, 2023; Karkee & Lee, 2016; 
Konlan & Hayford, 2022). Given the disproportionate 
impact on adolescents and young adults, the use of YLL 
and PYLL indicators is highly pertinent in traffic safety 
research. These measures facilitate the identification of 
age groups most affected by premature mortality and in-
form the development of targeted prevention strategies 
and policy interventions (Elvik & Vaa, 2004; GBD 2019 
Injuries Collaborators, 2020; World Health Organization, 
2023).

Although global road safety has improved, the bur-
den of road traffic injuries remains unevenly distributed 
across regions. In Europe, road traffic mortality has de-
creased significantly in recent decades, attributable to 
enhanced road infrastructure, vehicle safety standards, 
and comprehensive prevention policies. Nevertheless, 
countries in South-Eastern Europe and the Western Bal-
kans continue to report higher mortality rates than the 
European Union average (European Commission, 2023; 
World Health Organization, 2023; European Transport 
Safety Council, 2022). Multiple studies have identified 
persistent challenges in these regions, including dis-
parities in road safety policies, infrastructure quality, en-
forcement of traffic regulations, and emergency response 
systems (World Health Organization, 2023; European 
Transport Safety Council, 2022; European Commission, 
2023).

In Bosnia and Herzegovina, particularly within 
the Republic of Srpska, road traffic injuries continue to 
be a significant cause of premature mortality and con-
stitute a major public health concern (World Health Or-
ganization, 2023). While official statistics consistently 
report the number of traffic-related deaths and injuries, 
comprehensive analyses of premature mortality, using 
indicators such as PYLL and YLL, remain limited (Ro-
meder & McWhinnie, 1977; GBD, 2019; Injuries Col-
laborators, 2020). Employing these indicators enables a 
more thorough understanding of the societal impact of 
traffic-related deaths by quantifying the loss of potential 
life years, especially among youth. Assessing premature 
mortality through YLL and PYLL can provide valuable 
insights for public health planning and road safety poli-
cy development in the Republic of Srpska, while also en-
hancing understanding of the burden of traffic injuries in 
the Western Balkan region (World Health Organization, 
2023; European Commission, 2023; European Transport 
Safety Council, 2022; WHO Regional Office for Europe, 
2019). This study aimed to evaluate the burden of prema-
ture mortality attributable to road traffic injuries in the 
Republic of Srpska using PYLL and YLL indicators. and 
YLL indicators.

Road traffic safety in Bosnia and Herzegovina is 
governed by a multi-level legal framework. At the state 
level, the Law on the Basics of Road Traffic Safety in Bos-
nia and Herzegovina establishes general rules for road 
user behaviour and specifies key safety measures, in-
cluding seat belt use, helmet requirements, speed limits, 
and alcohol restrictions (Parlamentarna skupština Bosne 
i Hercegovine).

At the entity level, the Law on Traffic Safety of the 
Republic of Srpska regulates the implementation, en-
forcement, and organisation of the road safety system. 
This includes defining institutional responsibilities, 
monitoring mechanisms, and inspection procedures 
(Narodna skupština Republike Srpske, 2011, 2021).

The 2021 amendments to the entity-level law intro-
duced stricter enforcement measures, enhanced moni-
toring of safety indicators, and improved coordination of 
road safety activities. These legislative changes establish 
a critical policy context for evaluating subsequent chang-
es in road traffic mortality in the Republic of Srpska.

The analysis examines two distinct periods, 2011–
2020 and 2021–2024, to assess temporal trends. This divi-
sion corresponds to the 2021 amendments, which serve 
as the primary intervention of interest. The pre-inter-
vention period reflects the regulatory framework estab-
lished by the original 2011 law, facilitating a contextual 
interpretation of changes in mortality patterns (Narodna 
skupština Republike Srpske, 2011; Narodna skupština 
Republike Srpske, 2021). Accordingly, this study aims to 
assess changes in road traffic mortality following the im-
plementation of legislative amendments, situating these 
changes within a broader system-level context.
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METHODOLOGY

Study design and data sources
A retrospective, quasi-experimental (before–and–

after) epidemiological study design was employed to 
assess changes in road traffic mortality and premature 
mortality in the Republic of Srpska.

Mortality data were obtained from official demo-
graphic statistics published by the Statistical Office of the 
Republic of Srpska for the period 2011–2024. Road traf-
fic deaths were classified according to the Internation-
al Classification of Diseases, Tenth Revision (ICD-10), 
within the transport accidents category (codes V00–V99). 
The study period was divided into two intervals: a pre-
intervention period (2011–2020) and a post-intervention 
period (2021–2024), corresponding to the implementa-
tion of traffic safety policy measures. Mortality data 
were analysed by age group. Population data required 
to calculate mortality rates were also obtained from of-
ficial demographic sources. This design enabled both a 
descriptive analysis of mortality trends over time and 
a comparative assessment of changes between the pre- 
and post-intervention periods.

Age-specific analysis
Mortality data were stratified into the following 

age groups: 0–4, 5–14, 15–24, 25–34, 35–44, and 45 years 
and older. Age-specific mortality rates were calculated 
per 100,000 population based on available demographic 
data. For grouped data, midpoint values were applied to 
estimate the average age at death within each category.

Potential Years of Life Lost (PYLL)
Potential Years of Life Lost (PYLL) were calculated 

using a fixed cut-off age of 75 years. For each age group, 
the midpoint of the interval was used to approximate the 
average age at death because individual-level data were 
unavailable. The total PYLL was determined as follows:

	 (1)

where L represents the cut-off age (75 years), ai is the 
midpoint of the age group, and di is the number of 
deaths in each age group. For the open-ended age group 
(45+ years), a midpoint of 65 years was assumed to ap-
proximate the average age at death. This approach was 
adopted to ensure consistent estimation of PYLL given 
the lack of more detailed age-specific data.

Years of Life Lost (YLL)
Years of Life Lost (YLL) were calculated according 

to the Global Burden of Disease (GBD) methodology, 
applying a standard life expectancy of 86.02 years. The 
midpoint of each age group served to estimate the aver-
age age at death. The total YLL was determined as fol-
lows:

	 (2)

where LE represents the standard life expectancy (86.02 
years), ai is the midpoint of the age group, and di is the 
number of deaths in each age group. For the open-ended 
age group (45+ years), a midpoint of 65 years was as-
sumed to approximate the average age at death. 

Haddon matrix
The Haddon matrix served as a conceptual frame-

work for interpreting injury prevention across temporal 
phases and system components. The matrix integrates 
the epidemiological triad of host, agent, and environ-
ment with the temporal sequence of pre-event, event, 
and post-event phases, thereby enabling a structured 
analysis of risk factors and intervention points (Som-
mers, 2006; Bonilla-Escobar & Gutiérrez, 2014; Hosking 
et al., 2011). The framework enables the classification of 
preventive strategies into primary, secondary, and ter-
tiary levels and has been widely adopted in public health 
due to its systematic and adaptable approach to injury 
prevention (Sommers, 2006; Cabral et al., 2021). In this 
study, the Haddon matrix was used to interpret changes 
in road traffic mortality and premature mortality bur-
den, as measured by years of life lost (YLL) and potential 
years of life lost (PYLL), by classifying findings into pre-
crash, crash, and post-crash phases.

Data analysis
Data analysis was performed using Microsoft Excel 

(Microsoft Corporation, Redmond, WA, USA). Descrip-
tive statistics, mortality rate calculations, and the esti-
mation of potential years of life lost (PYLL) and years of 
life lost (YLL) indicators were conducted using standard 
spreadsheet functions. A linear trend for the 2011–2019 
period was estimated using the FORECAST.LINEAR 
function in Excel to generate expected values, which 
were compared with observed mortality data for the pe-
riod 2020–2024. Deviations from the projected trend were 
used to assess changes in mortality patterns over time. 
Differences between study periods were assessed using 
independent samples t-tests. Statistical significance was 
defined as p < 0.05, with p < 0.001 indicating a high level 
of statistical significance. Effect size was evaluated using 
Cohen’s d, with values of 0.2, 0.5, and 0.8 interpreted as 
small, medium, and large, respectively.

Ethical considerations
This study was based on aggregated, publicly avail-

able data and did not involve individual-level informa-
tion. Therefore, ethical approval was not required.

RESULTS
The mean number of road traffic deaths declined from 
103.6 (SD = 15.0) in 2011–2020 to 74.8 (SD = 4.1) in 2021–
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2024, representing a reduction of approximately 27.9%. 
This difference was statistically significant (t = 5.57, p 
< 0.001), indicating a very large effect size (Cohen’s d = 
2.18) (Table 1).

Table 1. Road traffic deaths across the study period 
Period Mean number of deaths SD 

2011-2020 103.6 15.0

2021-2024 74.8 4.1

	 Note: t = 5.57, p < 0.001; Cohen’s d = 2.18

Figure 1 presents the trend in road traffic deaths 
from 2021 to 2024, compared with the expected linear 
trend derived from the 2011–2020 period. Observed 
mortality closely aligned with the expected trend prior 
to 2020; however, a marked divergence became evident 
thereafter. From 2020 onward, the number of deaths con-
sistently remained below projected values, indicating a 
substantial reduction in mortality beyond the expected 
trend. The most pronounced decline occurred between 
2020 and 2022, followed by stabilisation at a lower level 
through 2024.

From 2011 to 2020, individuals aged 15–24 years 
had the highest age-specific mortality rate (15.2 per 
100,000 population). Mortality rates among individuals 
aged ≥25 years remained relatively stable, ranging from 
8.9 to 9.7 per 100,000. The overall mortality rate during 
this period was 8.9 per 100,000, while rates in younger 

age groups consistently remained below 2 per 100,000. 
Between 2021 and 2024, the highest mortality rate was 
observed in the 25–34 age group, at approximately 10 per 
100,000. Mortality rates in other age groups ranged from 
6 to 8 per 100,000, with an overall rate of approximately 
7 per 100,000. No road deaths were recorded among in-
dividuals aged 0–4 years.

Figure 2. Shows that mortality rates declined across 
all age groups between the two periods. The largest re-
ductions were observed in the 15–24 age group (approxi-
mately 50%) and the 35–44 age group (approximately 
30%). Moderate decreases of around 20% were observed 
in the 5–14 and 45+ age groups, as well as in the total 
population. The 25–34 age group experienced the small-
est change, with a reduction of approximately 2%.

Road traffic deaths declined across all categories 
of road users, as indicated by mean values over the 
study period. The most substantial relative decreases 
occurred among bicyclists (−54.5%) and pedestrians 
(−48.4%). Passengers experienced moderate reductions 
(−24.4%), whereas drivers (−17.2%) and motorcyclists 
(−12.8%) saw smaller decreases. However, drivers con-
tinue to represent the largest group affected in absolute 
numbers.

Figure 3 presents the distribution of potential years 
of life lost (PYLL) across age groups for the periods 2011–
2020 and 2021–2024. PYLL decreased substantially in all 
age groups. Individuals aged 15–24 years consistently 
experienced the highest burden of premature mortality, 

Figure 1. Percentage change in mortality rate by age group (2011 -2020 vs 2021-2024)

Figure 2. Trend in road traffic deaths and expected linear trend based on the 2011–2019 baseline
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followed by those aged 25–34 years and individuals aged 
45 years and older.

Despite the overall decline, younger populations 
continued to account for a disproportionate share of 
total PYLL. The 15–24 age group experienced the most 
pronounced reduction, indicating a significant decrease 
in early deaths. Nevertheless, this group remained the 
largest contributor to premature mortality in both peri-
ods. Figure 4 illustrates the distribution of years of life 
lost (YLL) across age groups for the periods 2011–2020 
and 2021–2024. In the more recent period, YLL decreased 
markedly across all age groups. The greatest burden of 
premature mortality was consistently observed among 
individuals aged 15–24 years, followed by the 25–34 and 
45+ age groups. 

Although older age groups experienced the high-
est number of deaths, younger populations contributed 
more substantially to total YLL because each death re-

sulted in more years lost. The most pronounced decline 
in YLL occurred in the 15–24 age group, reflecting a sig-
nificant reduction in early mortality. Nevertheless, this 
group continues to represent the largest contributor to 
the overall burden of premature mortality. These find-
ings, based on PYLL, are consistent with the YLL analy-
sis, which further confirms the substantial burden of pre-
mature mortality among younger populations.

DISCUSSION
The results of this study offer significant insights into the 
mechanisms responsible for the reduction in road traffic 
mortality in the Republic of Srpska. Road traffic injuries 
are recognised as preventable events arising from the in-
terplay of human, vehicle, environmental, and system-
level factors (WHO, 2023). Following the 2021 amend-
ments to traffic safety legislation, a substantial reduction 

Table 2. Change in the mean number of road traffic deaths by road user categories across the study period

Road users
Period

% Change
2021-2024 2011-2020

Drivers 33.3 40.2 -17.2

Passengers 15.5 20.5 -24.4

Bicyclists 3.0 6.6 -54.5

Motorcyclists and moped drivers 7.5 8.6 -12.8

Pedestrians 11.3 21.9 -48.4

Others 4.0 5.8 -31.0

Figure 3. PYLL by age group in two periods (2011–2020 vs 2021–2024)

Figure 4. YLL by age group in two periods (2011–2020 vs 2021–2024)
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in both road traffic mortality and premature mortality 
burden was observed. The mean number of deaths de-
clined by 27.9%, and both years of life lost (YLL) and 
potential years of life lost (PYLL) decreased by approxi-
mately 70%, demonstrating a notable reduction in pre-
mature mortality.

Within the Haddon matrix framework, the most 
pronounced effects were identified in the pre-crash 
phase, particularly within the system and social environ-
ment domains. The 2021 legislative amendments result-
ed in strengthened enforcement, enhanced monitoring, 
and improved institutional coordination.

The largest reductions were observed among in-
dividuals aged 15–24 years, a demographic typically 
associated with higher risk behaviours. These findings 
indicate that system-level interventions, such as stricter 
enforcement and regulatory measures, may have influ-
enced road user behaviour and contributed to a reduc-
tion in the number of crashes. This interpretation aligns 
with previous evidence demonstrating that legislative 
and enforcement strategies are among the most effective 
approaches to reducing traffic injuries (WHO, 2023; Goel 
et al., 2024).

Improvements in crash-phase determinants may 
have contributed to a reduction in injury severity. The 
substantial decline in YLL observed in this study indi-
cates improved survivability. These findings suggest that 
factors such as increased use of protective equipment, ad-
vancements in vehicle safety, and improvements in road 
infrastructure may have reduced the severity of injuries. 
Although these variables were not directly measured, 
the magnitude of YLL reduction supports the interpreta-
tion that crash outcomes became less fatal over time. In 
the post-crash phase, survival outcomes depend on the 
responsiveness of emergency medical services, access to 
trauma care, and the overall capacity of the healthcare 
system.

The continued decline and stabilisation of mortality 
in the later period suggest that improvements in emer-

gency response and trauma care may have contributed 
to increased survival following road traffic injuries. The 
concept of the “golden hour” further underscores the 
importance of timely medical intervention in reducing 
fatal outcomes (WHO, 2023). The observed reduction in 
premature mortality is most appropriately interpreted as 
the result of coordinated improvements across all phases 
of the Haddon matrix (Table 3).

These findings indicate that the 2021 legislative 
amendments may have catalysed broader system-level 
changes, particularly in the pre-crash phase, while fur-
ther improvements in crash- and post-crash determi-
nants contributed to the overall decline in mortality. 
From a systems perspective, these results are consistent 
with the Safe System approach, which emphasises that 
road safety outcomes result from interactions among 
multiple components, including legislation, enforce-
ment, infrastructure, vehicle safety, and post-crash care.

Official mortality statistics may underestimate the 
true burden of road traffic injuries. Previous research has 
demonstrated that reliance on a single data source can 
lead to underreporting, underscoring the importance of 
integrated and triangulated data systems (Mitra et al., 
2021; Gutierrez et al., 2022). Additionally, this study re-
lied on aggregated data, which limited the assessment 
of individual-level risk factors and causal relationships. 
The Haddon matrix was used as a conceptual framework 
for interpretation and does not establish causality. Over-
all, the findings support a comprehensive, system-based 
approach to road safety, in which coordinated interven-
tions across multiple domains are essential for achiev-
ing sustained reductions in mortality. These results have 
significant implications for policy development, particu-
larly in middle-income settings, where strengthening 
legislative frameworks and enforcement mechanisms 
may yield substantial public health benefits.

Table 3. Haddon matrix of road traffic injury determinants across pre-crash, crash, and post-crash phases

Phase Human (host) Vehicle / Equipment (Agent) Physical Environment System / Social Environment

Pre-crash
Speeding, alcohol/drug use, 

fatigue, distraction, risky 
pedestrian behaviour

Vehicle roadworthiness, 
brakes, tyres, lights, high-
visibility equipment (e.g., 

reflective vests), and 
regulation of e-scooters and 

similar vehicles

Black spots, lighting, 
road surface conditions, 

traffic signage, pedestrian 
crossings, “Zone 30”, 

hazardous road locations

Amendments to the 2021 law; mandatory 
monitoring of safety indicators; reporting 

to the Government; annual road inspection 
plans; road safety audits and inspections; local 
road safety councils; police enforcement and 

sanctions

Crash

Use of seat belts/helmets, 
body positioning, driver and 
passenger behaviour at the 

moment of impact

Passive vehicle safety, vehicle 
structure, airbags, fire risk

Guardrails, crash barriers, 
forgiving roadsides, road 
geometry, intersection 

design features influencing 
impact severity

Safe System approach, design standards, crash 
investigation and identification of corrective 

measures

Post-crash Age distribution of victims, 
post-trauma survival

Vehicle extrication 
conditions, risk of fuel 

leakage or fire, accessibility 
for rescue teams

Access to the crash site, 
distance to the hospital, 
response time, and rural 

accessibility

Police, fire services, and emergency medical 
services; “golden hour” concept; the 2025–

2034 strategy notes that helicopter emergency 
medical service is not yet established as a 
regular service; planned strengthening of 

emergency response capacity (Vlada Republike 
Srpske, 2023)
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CONCLUSION

This study demonstrates a substantial reduction in road 
traffic mortality and premature mortality burden in the 
Republic of Srpska following the 2021 amendments to 
traffic safety legislation. Significant declines in years 
of life lost (YLL) and potential years of life lost (PYLL) 
across all age groups indicate that these improvements 
reflect broader system-level changes rather than effects 
limited to specific populations. The findings support 
a multifactorial interpretation of road safety, consis-
tent with a system-based approach in which legislative 
measures, enforcement, infrastructure improvements, 
and post-crash care collectively contribute to reducing 
mortality. The application of the Haddon matrix further 
emphasises the importance of coordinated interventions 
across the pre-crash, crash, and post-crash phases.

Overall, the observed reduction in premature mor-
tality is epidemiologically consistent with a comprehen-
sive road safety framework rather than isolated policy 
measures, highlighting the importance of sustained, 
system-wide interventions. However, as the Haddon 
matrix was applied as a conceptual framework, causal 
relationships cannot be established. Future research us-
ing more robust analytical designs is needed to quantify 
the contribution of specific interventions and to assess 
long-term trends in road traffic mortality.
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