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Abstract
Background  This study examines epidemiology and trend of mortality rates due to traffic accidents in Iran from 
2006 to 2022.

Methods  Data were collected from the Iranian Legal Medicine Organization and the Statistical Center of Iran. 
Age-standardized mortality rates were calculated using direct standardization. A Latent Class Growth Mixture Model 
(LCGMM) was employed to evaluate trends and identify provinces with similar patterns.

Results  From 2006 to 2022, Iran recorded 325,851 traffic accident deaths, with a median age of 34 years; 78.8% were 
male. Most deaths occurred on intercity roads (63.84%, n = 208,021), followed by urban roads (27.73%, n = 90,365) 
and rural roads (7.63%, n = 24,859). Mortality rates declined significantly from 38.86 per 100,000 in 2006 to 19.85 in 
2017 but increased to 23.00 per 100,000 in 2022, underscoring a concerning public health issue. A reverse J-shaped 
trend was identified nationally using LCGMM, showing an initial decline (intercept: 48.13, SE = 1.32; slope: -3.67, 
SE = 0.34) followed by a significant upward trend (quadratic term: 0.14, SE = 0.02, p < 0.001). The quadratic term’s highly 
significant p-value highlights the importance of this non-linear pattern. At the provincial level, six distinct mortality 
trend classes were identified, highlighting significant regional variations. Most provinces exhibited a reverse J-shaped 
pattern, except Sistan and Baluchestan and Kohgiluyeh and Boyer-Ahmad, which showed U-shaped trends.

Conclusion  After a decade of decline (2006–2017), Iran’s traffic fatalities resurged post-2017, potentially linked to 
economic strain, aging vehicle fleets, and inconsistent enforcement of safety regulations. Targeted interventions —
subsidies for safer vehicles, infrastructure upgrades, and regional policies— are urgently needed to reverse this trend 
and align with global road safety goals.
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Introduction
As outlined by the World Health Organization (WHO), 
a traffic accident is defined as any fatal or nonfatal inci-
dent involving at least one in-motion vehicle [1]. Deaths 
attributed to traffic accidents encompass those occur-
ring either during the accident or within 30 days after-
ward, arising from injuries sustained due to the accident 
[2]. Annually, approximately 1.35  million individuals 
lose their lives in road accidents worldwide. That means 
nearly 3,700 people lose their lives every day in crashes 
involving cars, motorcycles, bicycles, buses, trucks, or 
pedestrians. Injuries resulting from road accidents are 
estimated to rank as the 8th primary cause of mortal-
ity and the 7th cause of Disability-Adjusted Life Years 
(DALY) on a global scale across all age groups. Moreover, 
traffic accidents stand as the foremost cause of death for 
individuals aged 5–29 years and the first cause of DALY 
among individuals aged 10–49 years. Remarkably, the 
number of fatalities in crashes exceeds those attributed to 
HIV/AIDS [3, 4].

Low- and Middle-Income Countries (LMICs) are sig-
nificantly more susceptible to road traffic accidents, 
with a crash mortality rate exceeding three times that of 
high-income countries. Despite having about 60% of the 
world’s vehicles, LMICs account for 92% of global road 
fatalities. The impact of these accidents extends beyond 
public health, affecting the economy. LMICs are expected 
to face losses of around $834 billion from 2015 to 2030 
due to both fatal and nonfatal crash injuries. Further-
more, the economic consequences are highlighted by 
a 3% reduction in the gross domestic product (GDP) of 
most countries resulting from road traffic crashes [3, 5, 
6].

Several studies indicate a rising trend in fatalities result-
ing from Road Traffic Accidents (RTAs) in Africa, Asia, 
and the Eastern Mediterranean region (EMRO), in recent 
years. The EMRO stands out with the second-highest 
rates of traffic-related deaths globally. Notably, within the 
EMRO, Iran exhibits the highest rate of RTAs among the 
countries in the region [7]. In Iran, road traffic injuries 
rank as the second most prevalent cause of mortality, sur-
passed only by cardiovascular disease, and emerge as the 
primary contributor to years of life lost (YLL) [8]. In Iran, 
where the incidence of traffic accidents is estimated at 
around 600 per 100,000 population, resulting in approxi-
mately 400,000 accidents annually, the recorded statistics 
from 1997 to 2020 reveal a total of more than 5,760,000 
road traffic injuries and about 472,000 fatalities [9, 10]. 
Traffic accidents not only pose a significant public health 
concern but also have substantial economic implications. 
The financial impact of road traffic injuries, encompass-
ing medical expenses, lost productivity, and diminished 
quality of life, has been estimated to range between 2.18 
and 8% of Iran’s GDP [11, 12].

The assessment of road traffic accidents’ safety pro-
file involves gauging both the count of individuals 
injured and the mortality rate [3]. To assess preceding 
approaches and design impactful interventions and strat-
egies for mitigating road traffic injuries and fatalities, it 
is imperative to comprehend the patterns and trends. 
On the other hand, analyzing this pattern among diverse 
population subgroups is instrumental in recognizing 
those particularly vulnerable. Several studies have inves-
tigated in this regard during different periods of time 
[13–15]. A recent study conducted by Sadeghian et al. 
investigated the patterns of fatal traffic accidents span-
ning from 1997 to 2020. However, a limitation of this 
study lies in its analysis of crude rates, neglecting the 
influence of the country’s fertility decline on age compo-
sition [10, 16]. On the other hand, conventional meth-
ods employed by researchers to evaluate traffic accident 
trends often fail to capture non-linear patterns. In con-
trast, the growth mixture model, utilizing a quadratic or 
cubic link function, effectively addresses these non-linear 
trends. To overcome the limitations of previous research 
and provide up-to-date mortality rates comparable to 
those of other countries, this study aims to investigate the 
trend of age-adjusted mortality rates due to traffic acci-
dents from 2006 to 2022 in Iran.

Methods
Data sources
This study is based on the collection and analysis of data 
recorded by the Iranian Legal Medicine Organization 
from 2006 to 2022. In compliance with legal require-
ments, all fatalities resulting from road traffic injuries 
are reported to the Legal Medicine Organization, which 
authorizes burial. Information regarding demographic 
variables such as education level, job, and other char-
acteristics was gathered from the deceased individuals’ 
relatives using a checklist administered during the case 
investigation. Population data from the Statistical Center 
of Iran were utilized to estimate the crude and age-stan-
dardized mortality rates. This study was approved by the 
Ethics Committee of Shahid Beheshti University of Medi-
cal Sciences (IR.SBMU.PHNS.REC.1401.160).

Statistical analysis
Descriptive statistics were used to summarize the data, 
and for hypothesis testing, Cramér’s V was reported to 
indicate the strength of the association between categori-
cal variables.

To calculate age-standardized rates of traffic accident 
mortality, we used the direct standardization method. 
Age-specific mortality rates were first calculated for each 
age group by dividing the number of deaths by the popu-
lation of that age group. These rates were then multiplied 
by the corresponding age-specific proportions from the 
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World Health Organization’s standard population [17]. 
The sum of these expected deaths was then divided by 
the total standard population and multiplied by 100,000 
to obtain the age-standardized mortality rate per 100,000 
population. This method allows for a fair comparison of 
mortality rates over time and across different populations 
by accounting for variations in age distribution. The for-
mula for direct standardization is as follows:

	
ASMR =

∑
n
i=1

(
Deathsi

Populationi
, × , Standard Populationi

)
∑

n
i=1Standard Populationi

× 100,000

Where:

 	• Deathsi: Number of deaths in age group i.
 	• Populationi: Population size of age group i.
 	• Standard Populationi: Proportion of the WHO 

standard population in age group i.

Direct standardization was chosen over indirect meth-
ods because it allows direct comparability of rates across 
provinces and time periods, even when age structures 
differ significantly. The WHO standard population was 
selected due to its global applicability and alignment with 
prior road safety studies.

The latent class Growth Mixture Model (LCGMM) 
was utilized to evaluate trends and identify provinces 
with similar trend patterns in ASMR due to traffic acci-
dents. This advanced statistical method was chosen for 
two key reasons: first, to capture significant non-linear 
trends, such as reverse J-shaped or U-shaped patterns, 
which traditional linear models often fail to detect; and 
second, to cluster provinces into distinct classes based on 
shared temporal trends. By grouping provinces with sim-
ilar trends, the LCGMM provides a foundation for fur-
ther investigation into potential common characteristics 
among these regions. Once the provinces were grouped, 
we examined whether they shared any underlying risk 
factors or contextual similarities (e.g., economic chal-
lenges, road infrastructure quality, enforcement of traffic 
laws). Based on these shared characteristics, tailored rec-
ommendations were developed for each group of prov-
inces.This model can be expressed using multilevel model 
notation as follows [18]:

	 yk
it = η k

i0 + η k
i1λ k

t + ϵ k
it

	 η k
i0 = η k

00 +
∑

j β k
0j xj + σ k

i0

	 η k
i1 = η k

01 +
∑

j β k
1j xj + σ k

i1

Here, yk
it in the level-1 model represents the observed 

ASMR for province i at time t for latent class k. 

Parameters in both the level-1 and level-2 equations are 
class-specific. The two latent growth factors η k

i1 and η k
i0 

are continuous latent variables representing the latent 
intercept and slope growth factors, respectively. λ k

t

represents time scores, which can be specified as linear 
or nonlinear polynomial functions of time. In this study, 
we fitted various models (linear, cubic spline, and qua-
dratic) and found that cubic functions performed best 
for modeling the counts, while quadratic functions were 
most effective for modeling the age-standardized mortal-
ity rates (ASMRs). The residual term ϵ k

it is a composite 
error term at time t, accounting for both random mea-
surement error and time-specific influences of the i-th 
province in the k-th class.

At the level-2 model, the intercept coefficients η k
00 

and η k
01 represent the overall mean levels of the initial 

outcome and the average rate of outcome change over 
time, respectively. The slope coefficients β k

0j  and β k
1j  

are the fixed effects of covariates on the latent intercept 
and slope growth factors. The terms σ k

i0  and σ k
i1 are 

residuals representing between-province variations in the 
latent growth factors. Different models with 2 to 8 latent 
classes were fitted for provinces at the sub-national level 
using age-standardized mortality rates. Criteria such as 
AIC, BIC, log likelihood, and entropy were employed to 
evaluate model performance and select the best-fitting 
model. For data analysis and result presentation, we used 
Stata 17, the lcmm package in R, and ArcMap 10.8.2.

Results
Traffic accident statistics
From 2006 to 2022, Iran recorded 325,851 traffic accident 
deaths. The median age (IQR) of victims was 34 years 
(23–51) for males and 37 years (22–56) for females, with 
a statistically significant age difference between genders 
(p < 0.001, Wilcoxon rank-sum test). In terms of gender, 
the majority of the individuals were male (78.83%), while 
females constituted 21.17% of the total (Table 1). Regard-
ing education levels, the data indicated that 24.77% were 
illiterate, 23.27% had elementary education, 21.14% had 
lower secondary education, 23.67% had high school edu-
cation, and 7.15% had university education. Most indi-
viduals involved in accidents were residents of urban 
areas (67.85%), with the remaining 32.15% coming from 
rural areas. The job distribution among the individu-
als varied, with the largest groups being self-employed 
(30.89%), housekeepers (14.60%), workers (12.81%), and 
pupils (8.09%). Regarding marital status, single individu-
als made up 36.55% of the total, while married individu-
als accounted for 63.45%.

Out of the total number of accidents that occurred dur-
ing the studied period, 208,021 cases (63.84%) of deaths 
were related to accidents that happened on intercity 
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roads. The number of urban road victims was 90,365 
(27.73%), and 24,859 (7.63%) deaths were related to acci-
dents on rural roads.

Most deaths occurred at the scene (51.72%), dur-
ing transfer to the hospital (7.59%), or at the hospital 
(40.32%). Drivers constituted 42.20% of the victims, fol-
lowed by pedestrians at 35.00% and passengers at 22.80%. 
Vehicle-to-vehicle collisions were the most common 
accident mechanism, accounting for 47.60% of deaths, 
followed by vehicle-pedestrian collisions (22.90%) and 
vehicle overturns (22.80%). Most accidents occurred at 
night (57.20%), followed by the day (32.90%) and twilight 
(9.90%). Ambulances transported 87.10% of victims. The 

leading cause of death was head trauma (54.40%), fol-
lowed by multiple trauma (29.00%) and bleeding (7.70%, 
Table S1).

Critical associations in traffic mortality
There was a very strong association between the type of 
victim and the road type (Cramér’s V = 0.27, Table S1). 
On urban roads, passengers were the predominant vic-
tims (46.80%), while on intercity roads, drivers accounted 
for the largest share (43.20%). In contrast, rural unpaved 
roads showed drivers as the primary victims (50.80%).

Similarly, the accident mechanism demonstrated a very 
strong association with road type (Cramér’s V = 0.28). 

Table 1  Demographic characteristics of traffic accident mortality victims in Iran (2006–2022), stratified by road type, gender, 
education level, residence area, job, and marital status
Variable Urban Roads 

(n, %)
Intercity Roads 
(n, %)

Rural Unpaved 
Roads (n, %)

Unknown Loca-
tion (n, %)

Total (n, %) Test

Age (Median-IQR) 36.00 (22–61) 34.00 (23–49) 31.00 (20–49) 32.00 (20–48) 34 (23–69) < 0.001*
Gender 0.05φ
Male 73,852 (28.75) 160,295 (62.40) 20,571 (8.01) 2,155 (0.84) 256,873 (78.83)
Female 16,513 (23.94) 47,726 (69.19) 4,288 (6.22) 451 (0.65) 68,978 (21.17)
Total 90,365 (27.73) 208,021 (63.84) 24,859 (7.63) 2,606 (0.80) 325,851 (100.00)
Education Level 0.05φ
Illiterate 22,469 (30.49) 43,294 (58.75) 7,231 (9.81) 700 (0.95) 73,694 (24.77)
Elementary Education 19,066 (27.54) 43,505 (62.84) 6,150 (8.88) 506 (0.73) 69,227 (23.27)
Lower Secondary Education 16,467 (26.18) 41,027 (65.23) 4,958 (7.88) 447 (0.71) 62,899 (21.14)
High School Education 19,784 (28.10) 46,061 (65.42) 4,116 (5.85) 447 (0.63) 70,408 (23.67)
University Education 5,255 (24.72) 15,086 (70.95) 822 (3.87) 99 (0.47) 21,262 (7.15)
Total 83,041 (27.91) 188,973 (63.52) 23,277 (7.82) 2,199 (0.74) 297,490 (100.00)
Residence Area 0.30φ
Urban 50,967 (35.11) 87,863 (60.52) 5,383 (3.71) 961 (0.66) 145,174 (67.85)
Rural 7,468 (10.86) 49,889 (72.53) 10,721 (15.59) 705 (1.02) 68,783 (32.15)
Total 58,435 (27.31) 137,752 (64.38) 16,104 (7.53) 1,666 (0.78) 213,957 (100.00)
Job 0.14φ
Pupil 7,051 (29.48) 14,107 (58.98) 2,569 (10.74) 190 (0.79) 23,917 (8.09)
Student (University) 2,576 (29.13) 5,773 (65.28) 457 (5.17) 38 (0.43) 8,844 (2.99)
Housekeeper 10,764 (24.93) 29,589 (68.53) 2,573 (5.96) 250 (0.58) 43,176 (14.60)
Government Employee 3,282 (23.30) 10,126 (71.90) 608 (4.32) 67 (0.48) 14,083 (4.76)
Worker 12,102 (31.94) 21,797 (57.53) 3,615 (9.54) 371 (0.98) 37,885 (12.81)
Self-Employed 26,278 (28.76) 58,100 (63.58) 6,305 (6.90) 694 (0.76) 91,377 (30.89)
Soldier 1,151 (34.21) 1,919 (57.03) 271 (8.05) 24 (0.71) 3,365 (1.14)
Retired 7,301 (50.28) 6,692 (46.08) 457 (3.15) 71 (0.49) 14,521 (4.91)
Unemployed 3,620 (32.88) 6,294 (57.17) 1,013 (9.20) 82 (0.74) 11,009 (3.72)
Driver 1,812 (12.20) 12,416 (83.63) 553 (3.72) 66 (0.44) 14,847 (5.02)
Farmer 2,945 (15.95) 12,021 (65.09) 3,348 (18.13) 155 (0.84) 18,469 (6.24)
Military 329 (18.68) 1,328 (75.41) 94 (5.34) 10 (0.57) 1,761 (0.60)
Other 3,164 (25.23) 8,101 (64.60) 1,154 (9.20) 122 (0.97) 12,541 (4.24)
Total 82,375 (27.85) 188,263 (63.65) 23,017 (7.78) 2,140 (0.72) 295,795 (100.00)
Marital Status 0.05φ
Single 23,358 (29.72) 47,758 (60.77) 6,750 (8.59) 728 (0.93) 78,594 (36.55)
Married 35,120 (25.74) 90,884 (66.61) 9,458 (6.93) 974 (0.71) 136,436 (63.45)
Total 58,478 (27.20) 138,642 (64.48) 16,208 (7.54) 1,702 (0.79) 215,030 (100.00)
* P-value for Kruskal-Wallis Test

φ Cramer’s V Coefficient
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Vehicle-pedestrian collisions were the most frequent 
on urban roads (47.00%), while vehicle-to-vehicle col-
lisions predominated on intercity roads (52.40%), and 
vehicle overturns were common on rural unpaved roads 
(31.50%).

A strong association was found between the place 
of death and road type (Cramér’s V = 0.18), with most 
deaths occurring at the scene on intercity roads (60.03%) 
and at hospitals on urban roads (58.69%).

Residence area also had a very strong association with 
road type (Cramér’s V = 0.31), with the majority of vic-
tims on urban roads residing in urban areas (35.11%), 
while those on intercity and rural unpaved roads mostly 
came from rural areas (72.53% and 15.59%, respectively).

In contrast, variables such as gender, education level, 
marital status, and transport mode for the victim showed 
weak or very weak associations with road type, indicating 
that they do not have substantial conceptual importance 
in this analysis.

Descriptive trends
From 2006 to 2022, traffic accident deaths in Iran showed 
an overall decline with notable fluctuations at key points. 
In 2006, there were 26,780 deaths, with a crude rate of 
38.86 and an adjusted rate of 41.26. By 2012, deaths had 
decreased to 19,052, with a crude rate of 25.12 and an 
adjusted rate of 25.54. This downward trend continued, 
reaching 16,173 deaths in 2017, with crude and adjusted 
rates of 19.85 and 20.30, respectively (Table  2). In 2019 
(at the same time as the beginning of the COVID-19 pan-
demic), deaths slightly increased to 16,896, with a crude 

rate of 20.49 and an adjusted rate of 20.98. The lowest 
point was in 2020, with 15,343 deaths, a crude rate of 
18.38, and an adjusted rate of 18.75. However, by 2022, 
deaths rose again to 19,517, with the crude rate increas-
ing to 23.00 and the adjusted rate to 23.40.

Country-Level traffic accident trends: analysis using 
growth mixture models
When considering all road types, the number of traf-
fic accident victims showed a decreasing trend until 
2017. However, since 2018, an increasing trend has been 
observed, as estimated by the cubic model. This pattern is 
consistent for both intercity and urban roads. In contrast, 
rural unpaved roads experienced a decline in traffic acci-
dents from 2010 to 2016, after which the trend stabilized, 
showing neither an increase nor a decrease (Figure S1).

The country-level trend of age-standardized mortality 
rates due to traffic was evaluated using a growth mixture 
model with one trajectory. The results indicate a reverse 
J-shaped trend overall (Fig. 1). The average initial mortal-
ity rate (intercept) was 48.13 (SE = 1.32, p < 0.001). The 
negative slope of -3.67 (SE = 0.34, p < 0.001) suggests a 
decreasing trend initially, while the positive quadratic 
term of 0.14 (SE = 0.02, p < 0.001) indicates an upward 
turn in recent years.

For males, the trend was more pronounced with a 
higher initial rate (intercept of 73.87, SE = 1.85, p < 0.001), 
a steeper decline (slope of -5.95, SE = 0.47, p < 0.001), and 
a significant upward turn indicated by the quadratic term 
of 0.24 (SE = 0.03, p < 0.001). Female victims had a lower 
initial rate (intercept of 22.01, SE = 0.92, p < 0.001) and a 

Table 2  Yearly traffic accident mortality rates in Iran (2006–2022), showing crude and age-standardized rates for males, females, and 
overall populations. Rates declined from 38.86 per 100,000 in 2006 to 19.85 in 2017 but increased to 23.00 in 2022, highlighting a 
concerning resurgence after years of improvement
Year Female Male Overall

Count Crude Rate Adjusted Rate Count Crude Rate Adjusted Rate Count Crude Rate Adjusted Rate
2006 5342 15.62 18.17 21,438 61.75 63.97 26,780 38.86 41.26
2007 4600 13.56 15.49 17,761 50.75 52.11 22,361 32.44 34.06
2008 4741 13.80 15.39 18,034 51.07 52.36 22,775 32.69 34.08
2009 4809 13.77 14.11 17,830 49.97 48.74 22,639 32.06 31.53
2010 4854 13.73 14.94 18,308 50.72 51.50 23,162 32.41 33.32
2011 4442 11.93 12.71 15,592 41.16 41.43 20,034 26.68 27.11
2012 4096 10.91 11.59 14,956 39.06 39.38 19,052 25.12 25.54
2013 4089 10.78 11.36 13,855 35.75 36.17 17,944 23.40 23.83
2014 3812 9.93 10.44 13,036 33.20 33.68 16,848 21.70 22.13
2015 3776 9.72 10.21 12,784 32.09 32.51 16,560 21.04 21.43
2016 3459 8.77 9.10 12,456 30.76 31.35 15,915 19.91 20.34
2017 3489 8.69 9.00 12,684 30.70 31.40 16,173 19.85 20.30
2018 3720 9.05 9.27 13,418 31.68 32.66 17,138 20.53 21.11
2019 3686 9.07 9.39 13,210 31.58 32.60 16,896 20.49 20.98
2020 2697 6.54 6.55 12,646 29.94 30.75 15,343 18.38 18.75
2021 3301 8.08 8.13 13,413 31.72 32.71 16,714 20.10 20.65
2022 4065 9.68 9.65 15,452 36.04 37.83 19,517 23.00 23.40
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milder decline (slope of -1.37, SE = 0.24, p < 0.001), with 
a slight increase later (quadratic term of 0.04, SE = 0.01, 
p < 0.001, See Table S2).

Identifying provinces with similar traffic accident trends 
using latent class growth mixture models
Considering AIC, BIC, log-likelihood, and entropy col-
lectively, the model with six classes for the ASMRs 
among both genders (overall) performed the best. How-
ever, when analyzing the ASMRs for males and females 
separately, the seven-class models yielded the best per-
formance (Table S3). The latent class growth mixture 
model with six classes for overall traffic accident data 
reveals distinct trends across Iranian provinces. Prov-
inces in Class 1 (Sistan & Baluchestan, Markazi, Ker-
man) start with a high initial accident rate, with an 
intercept of 54.94, and exhibit a moderate decline over 
time, characterized by a slope of -3.23 (Fig.  2). Class 2 
includes only one province, Semnan, which has a very 
high initial accident rate (intercept of 88.91) and shows 
a pronounced reduction in trends, with a slope of -5.56. 
Class 3 (Khuzestan, Razavi Khorasan, Ardebil, East 
Azerbaijan, West Azerbaijan, Isfahan) displays an inter-
mediate pattern with moderate initial rates (intercept of 
39.02) and a slight downward trend, indicated by a slope 
of -3.43. Class 4 provinces (e.g., Yazd, Zanjan, Lorestan, 
Qazvin, Qom, Hamedan, North Khorasan, South Kho-
rasan, Bushehr, Fars) have moderate initial rates (inter-
cept of 53.50) and experience steady declines over time, 

with a slope of -3.90. Class 5 provinces, including Teh-
ran and Alborz, are marked by lower initial accident rates 
(intercept of 29.31) and a more pronounced downward 
trajectory, with a slope of -3.34. Finally, Class 6 prov-
inces, including Kohgiluyeh & Boyer-Ahmad, Kurdistan, 
Mazandaran, Golestan, Hormozgan, Ilam, Kermanshah, 
Chaharmahal & Bakhtiari, and Gilan, start with lower 
initial rates (intercept of 45.49) and exhibit moderate 
declines over time, with a slope of -3.55 (Table S4). The 
results of similar models for ASMR among males and 
females are available in the supplementary material (Fig-
ures S2 and S3).

Province-Level trends
Conducting a growth mixture model separately for each 
province revealed that the majority of provinces exhibit a 
reverse J-shaped trend in traffic accident mortality. How-
ever, Sistan and Baluchestan, as well as Kohgiluyeh and 
Boyer-Ahmad, deviate from this pattern. These two prov-
inces display a U-shaped trend in traffic accident mor-
tality, highlighting a distinct and concerning variation 
compared to the general trend observed across the other 
regions (Fig. 3).

Discussion
This study assessed trends in age-standardized mortality 
rates due to traffic accidents in Iran from 2006 to 2022. 
Utilizing a growth mixture model, it focused on uncov-
ering non-linear trends and examining both temporal 

Fig. 1  A reverse J-shaped trend in Iran’s national-level age-standardized traffic accident mortality rates (2006–2022) is shown for (a) overall, (b) male, and 
(c) female populations. Derived from a latent class growth mixture model with one trajectory, the trend shows an initial decline (intercept: 48.13, slope: 
-3.67) followed by a significant upward turn (quadratic term: 0.14, p < 0.001), highlighting a concerning resurgence after years of improvement
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Fig. 2  (a) Latent class growth mixture model for overall traffic accident mortality trends by province (2006–2022), identifying six distinct classes with 
unique temporal patterns, such as high initial rates with moderate declines (Class 1: Sistan & Baluchestan, Markazi, Kerman) and sharp reductions from 
high baselines (Class 2: Semnan). (b) Map of Iranian provinces categorized by latent class, illustrating the geographic distribution of provinces within each 
class and emphasizing regional disparities in traffic accident mortality trends
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Fig. 3  Province-Level Traffic Accident Mortality Trends in Iran (2006–2022), Revealing a Reverse J-Shaped Pattern in Most Provinces and a U-Shaped Trend 
in Sistan and Baluchestan, and Kohgiluyeh and Boyer-Ahmad. Each figure represents the output of a single trajectory latent class growth mixture model 
performed at the provincial level
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changes and regional differences across provinces. Our 
analysis revealed a reverse J-shaped trend at the national 
level, characterized by an initial decline in mortality rates 
followed by a recent increase. This trend was more pro-
nounced among males compared to females. At the pro-
vincial level, most regions exhibited a reverse J-shaped 
pattern; however, Sistan and Baluchestan, along with 
Kohgiluyeh and Boyer-Ahmad, were exceptions, showing 
a U-shaped trend. These findings highlight a concerning 
resurgence in traffic accident mortality rates after years 
of decline, underscoring the need for targeted interven-
tions to address the recent upward shift in fatalities.

The analysis of the age-standardized death rate due to 
traffic accidents showed that this rate has been increas-
ing since 2017 after a decrease from 2006 to 2017. The 
observed decrease in traffic mortality rates from 2006 
to 2017 can be attributed to several factors, including 
improved road safety measures, stricter traffic laws, and 
increased emergency medical services. The enforcement 
of speed limits, seat belt, and helmet laws, along with 
public awareness campaigns, likely contributed to this 
initial decline [19].

The comparison of the results of this study aligns 
with the study by Sadeghian et al., who also identified 
a decrease 2 (from 2005 to 2020) in the death rate from 
traffic accidents in Iran, though their analysis did not 
consider changes in age composition as this study does 
[10]. In addition, one of the strengths of our study is the 
use of the quadratic model, which is used to detect non-
linear trends.

This pattern of changes is consistent with previous 
studies in Iran and other countries in the EMRO region, 
which have reported an increase in the death rate due to 
traffic accidents in recent years [20]. This increase can be 
caused by various factors, including the rise in the num-
ber and speed of vehicles, risky driving behaviors, inad-
equate transportation infrastructure, and the failure to 
fully implement safety laws.

One key reason for the recent rise in traffic acci-
dent mortality in Iran is significant economic hardship, 
marked by rising inflation and reduced household pur-
chasing power [21]. These challenges have impacted road 
safety, as financial constraints can lead to delayed vehi-
cle repairs, increased reliance on motorcycles, adoption 
of substandard parts, or prolonged utilization of older, 
unsafe vehicles [22, 23]. To address this, policymakers 
can implement measures like subsidies or low-interest 
loans for safety upgrades, free vehicle inspections to iden-
tify risks, and scrappage programs offering cash incen-
tives to replace aging vehicles. Particularly important are 
public awareness campaigns emphasizing the cost-saving 
benefits of preventive maintenance (e.g., avoiding costly 
accidents) and promoting affordable safety gear, such as 
helmets and seat belts. By combining financial incentives, 

infrastructure improvements, and education, Iran can 
mitigate the impact of economic hardship on road safety 
and reverse the resurgence in traffic fatalities since 2017.

Additionally, the age-standardized death rate in 
2020 was at its lowest level, which is comparable to the 
increase in COVID-19 during that year, likely due to 
reduced travel and policies aimed at limiting movement, 
such as fines, which led to a decrease in the death rate. 
According to the report of the Iranian Statistics Center, 
the total number of trips made in 2019 has decreased by 
10% compared to 2018, and this decrease in the num-
ber of accidents has continued to the point that in 2021, 
the total number of trips had dropped to 20% of what it 
was in 2018 [24]. In the hypothetical situation, if there 
was no COVID-19 and the number of trips did not 
decrease, Probably, the increasing slope in recent years 
was much steeper than what it is now. A study in Turkey 
also reported that in April, when the strictest quarantine 
measures were applied for the entire month, traffic acci-
dents decreased by almost 60%, deaths by 43%, and inju-
ries decreased significantly [25].

Our data show higher mortality rates on urban roads 
compared to rural, mirroring findings from other low- 
and middle-income countries (LMICs) where rural road 
safety is often a lower priority. In these areas, factors such 
as poor road conditions, a lack of emergency medical ser-
vices, and less enforcement of traffic laws contribute to 
the increased death rate [26].

Differences in healthcare infrastructure and emer-
gency response capabilities also play an important role. 
For example, higher death rates in rural areas compared 
to urban centers can be partially explained by delays in 
medical response times and the severity of injuries sus-
tained in high-speed crashes on interurban roads. Simi-
lar studies in the EMRO region have also recorded an 
increasing trend in traffic accident fatalities despite an 
initial decline. For instance, research in neighboring 
countries such as Saudi Arabia and Pakistan [27, 28] has 
shown parallel trends where infrastructure improve-
ments and enforcement of traffic laws initially reduced 
the mortality rate, but socio-economic factors and 
increased vehicle ownership subsequently contributed to 
an increase in fatalities.

Provinces such as Sistan & Baluchestan, Markazi, 
and Kerman (Class 1), along with Kohgiluyeh & Boyer-
Ahmad (xhibiting U-shaped trends), experience higher 
and more variable mortality rates. While these trends are 
evident, the underlying reasons remain uncertain. Pos-
sible contributing factors could include economic chal-
lenges, suboptimal road conditions, and inconsistent 
enforcement of traffic regulations. These regions also face 
issues such as limited emergency medical services, less 
reliable rural road networks, and restricted access to safer 
vehicles, which might play a role in the observed trends 
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[29, 30]. Solutions for provinces in this class include road 
upgrades, community education, and subsidies for vehi-
cle safety improvements.

Class 3 provinces (Khuzestan, Razavi Khorasan, etc.) 
show moderate rates with slight declines, which might be 
driven by urbanization and population growth. Studies 
show that urbanization, particularly in rapidly growing 
megacities, increases road traffic accidents due to factors 
like population growth, economic activity, and changes 
in physical infrastructure [31]. Improving urban road 
design, promoting public transit, and implementing sus-
tainable urban planning are essential.

Class 5 provinces (Tehran, Alborz) have lower rates 
and significant declines, likely benefiting from advanced 
infrastructure and public transit. Continued investment 
in pedestrian safety and public awareness campaigns is 
crucial to maintain progress. These regions can serve as 
models for others.

Semnan (Class 2) initially exhibited a high rate of traffic 
accident mortality, likely due to its role as a critical tran-
sit hub between Tehran and Esfahan—the latter being 
Iran’s second most industrialized and economically sig-
nificant city after Tehran. This position results in a high 
volume of intercity travel along the Semnan-Tehran and 
Semnan-Esfahan routes. However, the road infrastruc-
ture in Semnan province has historically been inferior 
to that of Tehran and Esfahan, which may explain the 
province’s elevated rate of fatal intercity traffic accidents 
[32]. The sharp decline in mortality rates in recent years 
is likely attributed to stricter law enforcement and sig-
nificant infrastructure improvements. This success offers 
valuable lessons for other high-risk areas.

Class 6 provinces (Kurdistan, Mazandaran, etc.), par-
ticularly tourist destinations in this class like Mazanda-
ran, Gilan, and Ardabil, face seasonal risks due to high 
tourist traffic and geographic challenges [33]. To address 
these, targeted measures such as seasonal traffic controls 
(e.g., increased patrols and dynamic speed limits), multi-
lingual safe driving campaigns for tourists, and improved 
rural road infrastructure in high-traffic areas are essen-
tial. Additionally, collaboration with tourism operators 
to provide shuttle services can reduce private vehicle use, 
mitigating risks while supporting sustainable tourism.

Tailored interventions are key: addressing structural 
inequalities in poorer provinces, upgrading infrastruc-
ture in urban areas, and targeting seasonal and geo-
graphic risks in tourist regions. These strategies can help 
reverse rising fatality trends and achieve sustainable 
reductions in traffic accident mortality.

Despite the fact that this study was carried out based 
on the data of the Forensic Medicine Organization of 
Iran, which has provided the most complete data in the 
field of accidents, this study has several limitations. If 
the total numner of intraurban and extraurban trips was 

known, more accurate results could be obtained by using 
this total as the denominator of mortality rates. Another 
limitation was that only the outcome variable, i.e., the 
death rate for each province, was included in the model, 
without other effective covariates. Additionally, the study 
did not account for other potential confounding factors, 
such as changes in traffic volume, socioeconomic condi-
tions, and improvements in healthcare during the study 
period. It is suggested that future studies should exam-
ine various factors affecting this process, such as demo-
graphic characteristics, risky driving behaviors, and the 
quality of transportation infrastructure, to find more 
effective solutions to reduce deaths caused by traffic 
accidents.

Conclusion
This study reveals a concerning resurgence in traffic 
accident mortality rates in Iran after a decade of decline 
(2006–2017), with a sharp rise since 2017, particularly 
on intercity roads. Key drivers of this increase might 
include economic hardship, delayed vehicle maintenance, 
reliance on older or unsafe vehicles, and inconsistent 
enforcement of safety regulations. To reverse this trend, 
policymakers must prioritize targeted interventions that 
combine financial incentives, such as subsidies and low-
interest loans, to encourage vehicle safety upgrades and 
modernization. Free inspections can help identify high-
risk vehicles, while scrappage programs can facilitate the 
replacement of aging fleets. Public awareness campaigns 
should emphasize the cost-saving benefits of preventive 
maintenance and promote affordable safety gear, such as 
helmets and seat belts. Additionally, localized strategies 
are essential to address regional disparities, including 
infrastructure upgrades in high-mortality provinces like 
Sistan-Baluchestan and seasonal traffic controls in tour-
ist regions. Provinces exhibiting U-shaped trends require 
urgent attention to improve road quality, enhance emer-
gency services, and strengthen enforcement. Without 
proactive, region-specific policies, Iran risks worsening 
its traffic safety crisis. A renewed commitment to infra-
structure development, education, and equitable enforce-
ment is critical to reducing fatalities and aligning with 
global road safety goals.
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