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ABSTRACT

AIMS: Recognizing the critical role of evidence-based policymaking in reducing road traffic
mortality, this study investigated long-term spatiotemporal patterns of road traffic-related deaths
in Iran from 1981 to 2021.

MATERIALS AND METHODS: This cross-sectional study used mortality data from the standardized
Global Burden of Disease (GBD) database. All deaths attributed to road traffic injuries under the
relevant GBD cause-of-death codes were included at national and provincial levels. Analyses were
conducted using Microsoft Excel 2026 and ArcGIS 10.8. Age-standardized mortality rates, age- and
sex-specific rates, and spatial analyses, including geographic distribution mapping and pattern
detection, were performed.

FINDINGS: The age-standardized road traffic mortality rate declined from 73.0 per 100,000
population in 1981 to 19.8 per 100,000 in 2021. Mortality was consistently higher among men than
women, and the highest rate occurred among people aged 55 years or older. Sistan and Baluchestan
and Zanjan had the highest provincial rates at the beginning of the study period, but both declined
substantially by its end. Overall, southern and western provinces had higher mortality rates than
central provinces.

CONCLUSION: The substantial decline in road traffic mortality over four decades likely reflects
improvements in road infrastructure, vehicle safety, and traffic regulation. Nevertheless, the
persistent burden among younger age groups, sex-related disparities, and stable geographic
inequalities demonstrate the need for targeted, province-specific, and youth-focused road-safety
policies, including education and initiatives to improve driving culture among young people.
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INTRODUCTION

Health is a fundamental requirement for
achieving and sustaining social development
in most developing countries, including Iran.
Accurately describing mortality patterns and
trends, identifying their underlying causes, and
addressing their determinants are key strategies
for increasing life expectancy and improving
population health [1]. Road traffic injuries
are among the greatest global challenges and
impose substantial human and economic losses,
particularly in developing countries. The World
Health Organization recognizes road traffic
crashes as a major cause of death worldwide.
Despite extensive efforts to reduce them, traffic
injuries remain an important cause of mortality in
Iran and have been reported as the fourth leading
cause of death in the country [2]. Continuous
investigation of their causes and determinants is
therefore essential. Globally, road traffic injuries
claim more than 1.19 million lives annually, with
the highest mortality burden occurring in low-
income countries [3]. In addition to physical and
psychological harm, they generate major social
and economic consequences [4]. They are a
leading cause of death and disability in developing
countries and can sharply reduce household
income through medical expenditure or loss of the
household breadwinner [5]. They also diminish
workforce productivity and damage economic
infrastructure [4]. Iran faces a similar situation:
beyond the directloss oflife, traffic injuries impose
treatment costs, psychological and social burdens
on families and communities, productivity losses
due to physical and psychological disability, and
additional public and private expenditure for
damaged roads, vehicles, and public facilities [5].
Although crash counts have declined in some
years, road traffic injuries remain a major source
of mortality and social harm in Iran [6].

The principal determinants of road traffic
crashes can be grouped into four categories: road
factors (geometric characteristics and traffic
conditions), human factors (driver personality,
behavior, and physical and psychological abilities),
vehicle factors (vehicle condition and safety), and
environmental factors (weather and geographic
conditions) [7]. Each category can affect crash
occurrence directly or indirectly, and instability
in any component can result in a collision.
Previous studies support this framework. Jafari
et al. reported that 2.8% of 29,909 traffic-
injury casualties died; the odds of death were
significantly higher among men, unemployed
individuals, people older than 65 years, patients
transferred from other centers, and occupants of
vans or light trucks [8]. Mostafazadeh et al. found
that most crashes in Ardabil occurred during
winter, consistent with the number of freezing

days and the absolute minimum temperature,
and that absolute minimum temperature was
inversely associated with fatalities and injuries [9].
Khodadadi et al. likewise showed that passenger-
car rollovers in rainy weather caused injuries and
deaths [10]. A significant relationship has also
beenreported between the causes of traffic crashes
and the requirements for reducing driving risk.
Human, technical, and environmental factors were
associated with crash occurrence, whereas road
factors alone did not show a significant effect [11].
Das et al. showed that vehicle defects, particularly
worn tires and faulty brakes, compromise road
safety and increase crashes; vehicle age was also
directly related to crash severity [12]. A Polish
study identified loss of control at high speed in
association with alcohol consumption, inadequate
infrastructure, and low vehicle standards as major
causes of road traffic crashes [13]. Research from
the United States found fewer fatalities in vehicles
equipped with side airbags and suggested that
improved truck-bumper alignment could reduce
crash severity for the opposing vehicle [14]. A
study in the United Kingdom showed that modern
vehicle designs protect occupants more effectively
during crashes [15]. Other researchers examining
driver injury rates by vehicle size in two-vehicle
crashes found that larger vehicles were associated
with fewer driver injuries [16].

Despite substantial improvements in
road and vehicle safety, crash incidence remains
high and continues to rise in many developing
countries [4]. Greater attention is therefore needed
to legal reform, enforcement, road geometry,
and advanced vehicle technologies. Although
many studies of road traffic injuries have been
conducted in Iran, limited access to integrated,
high-quality data has restricted most research to
individual regions, short periods, or a single year.
This temporal and geographic fragmentation has
prevented a comprehensive national assessment
of long-term trends. The present study addresses
this gap by using standardized, validated Global
Burden of Disease data to provide, for the first time,
a comprehensive analysis across four decades
(1981-2021) and all Iranian provinces. This
approach offers a more precise understanding of
spatiotemporal mortality patterns, identifies high-
risk provinces and provincial trends, and provides
evidence for efficient national and provincial
policy. The study therefore aimed to characterize
road traffic mortality in Iran over time, nationally
and by province, age, and sex.

MATERIALS AND METHODS

This applied cross-sectional study used a
documentary approach based on secondary data
analysis. Population data and all-cause mortality
data, stratified by age, sex, and cause of death
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according to the Global Burden of Disease (GBD)
classification, were obtained from the Institute for
Health Metrics and Evaluation at the University of
Washington (IHME, GBD 2023) [17]. The principal
advantage of this datasetis its complete, integrated
coverage of all Iranian provinces. The GBD
classification groups deaths into communicable,
maternal, neonatal, and nutritional diseases;
noncommunicable diseases; and injuries. Injuries
are further divided into road traffic injuries,
intentional injuries, and unintentional injuries.
The present analysis was restricted to deaths
attributable to road traffic injuries.

Ethical considerations: This study
analyzed publicly available, aggregated secondary
data and contained no personally identifiable
information. The protocol was approved by the
Research Ethics Committee of Yazd University (IR.
YAZD.REC.1403.105). All analyses were conducted
in accordance with research ethics principles and
confidentiality requirements for aggregate data.

Statistical analysis: All statistical
analyses and charts were produced in Microsoft
Excel, version 2026. The principal outcome was
the age-standardized mortality rate per 100,000
population, calculated for comparisons by sex,
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time period, and province. Years of life lost (YLL)
were calculated using the standard GBD formula
and reference life table to quantify premature
mortality across age groups. Crude death counts
and age- and sex-specific rates were also calculated
to describe the epidemiologic pattern more fully.
ArcGIS version 10.8 was used to analyze and
display geographic patterns. Provincial age-
standardized mortality rates were imported
into the GIS environment and mapped using
appropriate classification and interpolation
methods. The maps illustrate the spatial
distribution of road traffic mortality across Iran at
different time points, including the beginning and
end of the study period, and enable identification
of clusters with relatively high or low mortality.

RESULTS

As shown in Table 1, Iran>s population increased
from 41,940,109 in 1981 to approximately
85,355,879 in 2021. All-cause deaths decreased
from 536,981 to 500,468, and deaths from road
traffic injuries decreased from 31,288 to 16,423
during the study period. Road traffic injuries
accounted for 5.8% of all deaths in 1981 and 3.3%
in 2021.

Table 1) Overview of road traffic deaths in Iran

Road traffic mortality Percentage

Year Population All deaths Roggattrljsffic I/;\éll:cla(;lg %(%Ogga;ﬁ;ia;ﬁ rate* of all deaths due to road
’ per 100,000 population traffic injuries

1360 41940109 536981 31288 1710.8 73.0 5.8

1370 58779008 308683 25393 1007.3 48.3 8.2

1380 67445136 303703 26487 803.8 43.1 8.7

1390 76982085 337566 22367 633.7 29.5 6.6

1400 85355879 500468 16423 776.6 19.8 3.3

* Mortality rates and road traffic mortality rates were age-standardized.

Figure 1 shows broadly parallel declines
in the all-cause mortality rate and the road traffic
mortality rate early in the period, although all-
cause mortality increased toward the end. Road
traffic mortality was consistently higher among
men than women (Figure 2). Four age groups were
examined: 0-14, 15-39, 40-55, and 55 years or
older. Among both sexes, the highest road traffic
mortality rate occurred in those aged 55 years
or older and declined over time; the rate in older
men was higher than that in older women. Among
girls aged 0-14 years, mortality was high from
the beginning of the period through the 1990s,
exceeding that in women aged 55 years or older,
and subsequently declined. Women aged 15-39
and 40-55 years had the lowest mortality rates.
Among men, the 15-39- and 40-55-year groups
ranked second and maintained relatively high and
stable mortality rates, approximately 68.1-75.5
per 100,000, through the 2000s before declining.
Boys aged 0-14 years had the lowest rate
(Figure 3). Figure 4 presents YLL by age group.
Among men, those aged 0-14 years had the highest

YLL at the beginning of the period and through the
1990s, followed by a decline; overall, however,
men aged 15-39 years had the greatest YLL due
to road traffic injuries. They were followed by
men aged 40-55 and 55 years or older, whose
values were relatively stable and then declined
after the 2000s. Among women, those aged 0-14
years accounted for the greatest YLL, particularly
early in the period, followed by a downward trend.
Other female age groups contributed less YLL
and showed similar declining trends. Provincial
analysis over the five decades revealed marked
reductions in every province. At baseline, Sistan
and Baluchestan among men and Zanjan among
women had the highest rates (176.1 and 191.3
per 100,000, respectively); by 2021 these had
fallen to approximately 67.8 and 22.9. Provincial
rates converged over time, particularly among
women. Overall, female road traffic mortality was
substantially lower than male mortality. Tehran
consistently recorded the lowest mortality rate
during the study period (Figure 5).
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Figure 1) All-cause and road traffic mortality rates in Iran, 1981-2021
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Figure 2) Road traffic mortality rate in Iran by sex, 1981-2021
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Figure 3) Road traffic mortality rate in Iran by age group and sex, 1981-2021
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Figure 4) Years of life lost (YLL) due to road traffic injuries in Iran by age group and sex, 1981-2021
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Figure 5) Road traffic mortality rate in Iran by province and sex, 1981-2021

Map 1 shows the spatial distribution of
male road traffic mortality in 2021. Sistan and
Baluchestan and Tehran represented the highest
and lowest ends of the provincial distribution,
respectively.

Among women, Zanjan, Sistan and
Baluchestan, and Chaharmahal and Bakhtiari had
the highest road traffic mortality rates, whereas
Tehran, Alborz, Qom, Semnan, and Isfahan had
the lowest rates (Map 2). Overall, provinces in
southern and western Iran had the highest rates,
while central provinces had the lowest.

DISCUSSION

The findings demonstrate the prominent
contribution of road traffic injuries to mortality in
Iran between 1981 and 2021.1n 1981, 1991, 2001,
2011, and 2021, the total numbers of deaths were
536,981, 308,683, 303,703, 337,566, and 500,468,

respectively, of which approximately 31.2, 25.4,
26.5, 22.4, and 16.5 thousand were attributed to
road traffic injuries. Despite the declining trend,
these figures indicate a continuing substantial
burden on the health system and society.

Road traffic mortality was highest among
adults aged 55 years or older, plausibly because
of age-related frailty and greater vulnerability.
Nevertheless, road traffic injuries had a greater
population impact at younger ages. The YLL
analyses showed that premature loss of life was
greatestin childhood and youngadulthood, making
the burden among younger people particularly
important. YLL among young men exceeded that
among boys, highlighting the population impact
on young adult men. Mortality among young men
also remained comparatively stable over time.
Although road traffic deaths declined for both
sexes and most age groups following Iranian
prevention policies, the reduction among young
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men was less evident. This finding is consistent
with the World Health Organizatiom>s 2020
report, which identified road traffic injuries as a
leading cause of death, disability, and YLL among

young people worldwide [3]. The high rate in
these groups may reflect risky behaviors such
as speeding and disregard for traffic regulations,
consistent with previous evidence [8].
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Map 2) Spatial distribution of the female road traffic mortality rate per 100,000 population in Iran, 2021

A key finding was the downward trend in
road traffic mortality relative to overall mortality,
for both sexes and across provinces. This
improvement may reflect policy and enforcement
measures, including better road infrastructure,
stricter traffic laws, and educational programs.
Nevertheless, road traffic injuries continued to

account for more YLL in young age groups and
declined less than in other age groups. Targeted
policies to reduce risky behavior among young
people therefore remain necessary. Promoting
responsible vehicle use, improving knowledge of
traffic regulations, and warning about the risks of
prolonged or unsafe driving may help reduce this
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burden.

Provincial analysis showed that Tehran
had lower road traffic mortality than other
provinces. This difference may relate to the
high density of satellite cities and the smaller
proportion of intercity roads. Conversely,
provinces with extensive intercity road networks
and fewer intermediate or satellite cities may
be more exposed to road traffic injuries. This
interpretation is consistent with earlier research,
including Jafari et al., showing that environmental
and infrastructural characteristics, such as
road geometry, have important effects on crash
occurrence [8,18,19].

From a social perspective, road traffic
injuries are multifactorial and depend not only
on road and human factors but also on cultural
and social conditions. Unlike deaths from disease,
road traffic deaths are largely rooted in behavioral
and social determinants. Social policy must
therefore complement clinical and emergency-
care measures.

The novelty of this study lies in its
comprehensive long-term analysis (1981-2021)
using standardized GBD data. In contrast to many
earlier Iranian studies that were regional or
short-term because of data limitations [8-10], this
research covered every province and evaluated
temporal trends, producing a detailed account of
road traffic mortality patterns. This design enabled
identification of high-risk provinces and can
support targeted regional policy. Provinces with
extensive intercity road networks, for example,
may benefit from infrastructure improvement and
stronger highway-police oversight. Road traffic
injuries also impose heavy economic costs through
medical expenditure, workforce productivity
losses, and damage to economic infrastructure
[4,5]. These costs are especially consequential
in Iran because young and middle-aged adults,
who constitute a large part of the countrys
human capital, experience a high injury burden.
Investment in prevention, public education, and
vehicle safety can therefore both reduce deaths
and protect human and financial capital.

Overall, these findings support a multifaceted
approach toroad trafficinjury prevention. Effective
policy should combine road-infrastructure
reform, improved vehicle safety standards,
social and cultural initiatives, and targeted
education, particularly for younger age groups.
Environmental and regional factors, including
weather and provincial geography, should also
inform preventive strategies. Continued research
using long-term data and provincial analyses can
further improve policy and reduce the road traffic
injury burden in Iran.

This study was based on secondary analysis of
aggregate GBD data. Although these data are highly
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standardized and internally consistent, the cross-
sectional design and dependence on the quality
of primary reporting, including cause-of-death
coding, are inherent limitations. The analysis
could not control individual-level confounders
such as driver medical history, vehicle quality, or
the exact circumstances of a crash, and it cannot
establish causality. The absence of more detailed
information on direct determinants, such as road
quality, speed, helmet use, and seat-belt use,
also limited causal analysis and highly specific
policy recommendations. Nevertheless, the broad
temporal and geographic coverage provides a
valid overview of long-term national patterns.

CONCLUSION
The findings suggest that policies and
implementation measures adopted over recent
decades, including infrastructure improvements,
legislation, and education, have been partly
successful in reducing overall road traffic mortality
in [ran. Two major concerns remain:
1. Disproportionate burden among young people
and men: The unequal distribution of mortality
burden in terms of YLL, together with relatively
persistent mortality among young men, indicates
that previous population-wide interventions have
not been sufficiently effective for these high-risk
groups.
2. Persistent geographic inequalities: Continued
higher rates in specific, predominantly southern
and western provinces underscore the need
for locally tailored responses that address each
region>s geography, economy, and driving culture.
Further reductions will require targeted,
multifaceted policy: (a) advanced, engaging
education and social-marketing programs
designed for young people and male drivers; (b)
stronger enforcement targeting specific high-risk
behaviors, such as speeding, on intercity roads in
high-risk provinces; (c) development and adoption
of technologies such as intelligent monitoring
systems and safer vehicles; and (d) sustained
investment in engineering improvements on
high-crash roads. Prospective research to identify
individual-level risk factors and evaluate the
cost-effectiveness of interventions in the Iranian
context could provide policymakers with a more
precise roadmap.

Practical Clinical Implications for the Police

Road traffic mortality has declined in most
provinces, suggesting that enforcement and
prevention policies implemented during the past
decade have been effective. Rates nevertheless
remain high in some provinces and among men
aged 15-35 years. Traffic-safety policies should
therefore continue with a focus on southern and
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western provinces and particular attention to
young men, while new strategies are developed
specifically for this group.
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