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Abstract
Background: The Global Burden of Disease (GBD) Study provides estimates of deaths, years of life lost (YLL), years of life lived with 
disability (YLD), and disability-adjusted life years (DALYs) due to 249 causes of death, 315 diseases and injuries, and 79 behavioral, 
environmental, occupational, and metabolic risk factors in 195 countries, territories, and regions by sex and 20 age categories in 195 
countries and regions since 1990. In this study, we aimed to present the burden of road traffic injuries (RTIs) in Iran and 15 surrounding 
countries in 1990–2016. 
Methods: The standard Cause of Death Ensemble modeling (CODEm) is used to estimate deaths due to all causes of injury by age, sex, 
country and year. A range of 27 causes is used for estimating non-fatal health outcomes based on inpatient and outpatient datasets 
using DisMod-MR 2.0. Disability-adjusted life years (DALYs) estimate quantify the total burden of years lost due to premature death or 
disability and was computed by summing the fatal burden and non-fatal burden associated with a cause (i.e., YLL+YLD).
Results: In 2016, age-standardized transport injuries in Iran accounted for 35.6 (UI: 29.64–43.44) deaths per 100 000 compared to 60.8 
(UI: 51.04–72.49) in 1990. Transport injury became the fourth leading cause of death in Iran in 2016, up from the 5th leading cause 
of death in 1990. The burden of RTIs was mainly caused by motor vehicles and motorcycles and mostly affected the economically 
productive age groups (15–49), males and children, especially those at school age. Afghanistan with 59.14 deaths (52.09–66.8) and 
UAE with 53.71 deaths (36.59–72.77) had the largest transport injury death rates per 100 000. From 1990 to 2016, Iran had -2.06 
annual percent change in transport death rates. The lowest annual percent change is reported for Turkmenistan at -3.43. While Pakistan, 
UAE and Qatar had the highest annual percent change in transport injury. Across all countries, the observed-to-expected ratios for 
transport injury death rates varied considerably in 2016.The UAE had the largest age-standardized ratios of observed-to-expected rate 
(2.93), followed by Oman (2.39), Saudi Arabia (2.23), Afghanistan (2.04) and Iran (1.95).
Conclusions: RTIs continue to be a public health burden in Iran and its neighboring countries, even though, there is evidence for decline 
in RTIs across all countries except Pakistan. The most frequent sub-causes of death and injury are the motor vehicle, motorcycle, and 
pedestrian injuries. The most vulnerable road users are children and young adults. 
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Introduction
In 2015, 1.5 million people worldwide died from transport 
injuries.1 Globally, road injuries were the ninth leading cause 
of premature death in 2005 and became the eighth leading 
cause of death in 2015. It is projected that road injuries will 
be the forth leading cause of global disease burden in the 
year 2030.1-4 

The burden of road traffic injuries (RTIs) is even more 
evident in the Eastern Mediterranean Region (EMR) and 
North Africa. In the midst of epidemiological transfer, 
these countries continually struggle to reduce the rate of 
mortality and disability associated with RTIs. As measured 
by disability-adjusted life years (DALYs) since 1990, RTIs 
have also had severe effects in Iran and in neighboring 
Arab countries including Bahrain, Saudi Arabia, Kuwait, 
Oman, Qatar, and the United Arab Emirates. This toll is 
unusually high in the male populatio5,6 and burden the 
governments of these countries with considerable human, 
social and economic costs.7 In Saudi Arabia, Afghanistan, 
and Bahrain, RTIs represent the majority of admissions to 
trauma centers.8-10 

Multiple factors have been associated with Iran’s and its 
surrounding countries’ high RTI fatality and injury rates. 
These include the lack of a strong traffic safety culture,11-13 
inadequate traffic laws and vehicle safety features, an 
upsurge in the number of registered vehicles,14 infrastructure 
flaws such as relatively few safe routes for walking and 
cycling,15 poor pre-hospital trauma care and the lack of a 
systematic approach in coordinating RTIs,16 as well as risky 
driving behaviors including the inconsistent use of seatbelts, 
helmets, and child restraints, and alcohol use.15,17-21 

During the past 15 years, various evidence-based 
interventions have developed to protect road users against 
RTIs. These include mandatory seatbelt use for drivers of 
cars22,23 and helmet use for motorcycle drivers and riders, 
car restraints for children, laws mandating different driving 
operation on different roads, traffic and weather conditions, 
traffic calming strategies, and TV and radio educational 
programs.24-28

A reliable and accurate evaluation of RTI trends can reveal 
to what extent planned interventions have been successful 
and guide the country’s future strategies for better outcomes. 
In addition, these will provide valuable information for 
governments in prioritizing the allocation of resources to 
prevent and mitigate RTIs. In this paper, we aim to present 
trends of RTIs, years of life lost (YLLs), years of life lived 
with disability (YLDs), and (DALYs) by age, sex, and mode 
of transport in Iran from 1990 to 2016. We compare this 
data with data from the 15 countries surrounding Iran, using 
estimates from the Global Burden of Diseases, Injuries, and 
Risk Factors study 2016 (GBD 2016). Our findings will 
leverage comparative data and knowledge to help develop 
and enhance preventative policies and management of RTIs. 

Materials and Methods
GBD provides estimates of deaths, YLL, YLD, and DALYs 
due to 249 causes of death, 315 diseases and injuries, 79 

behavioral, environmental, occupational, and metabolic 
risk factors in 195 countries, territories, and regions by sex 
and 23 age categories in 195 countries and regions since 
1990.1,4,29-31

Fatal Injuries
Input data for Estimating Mortality From Injuries
Vital registration data (sourced from civil registration and 
vital statistics systems), verbal autopsy data, mortality 
surveillance, censuses, surveys, and police record data were 
used to estimate injury mortality in the 2016 GBD. Police 
and crime reports are unique data sources for determining 
death from traffic injury and interpersonal violence. They 
were collected from published studies, national agencies, 
and institutional surveys, such as the United Nations Crime 
Trends Survey and the World Health Organization (WHO) 
Global Status Report on Road Safety Survey. For countries 
with vital registration data, police records were referenced 
only if the recorded number of road injury and interpersonal 
violence deaths exceeded that from vital registration.1,4

Data points that met the following outlier criteria were 
excluded: (1) were implausibly high or low relative to 
global or regional patterns, (2) conflicted substantially 
with established age or temporal patterns, or (3) conflicted 
significantly with other data sources conducted at the same 
locations, or locations with similar characteristics.1,4 

Overview of Modeling Strategy
GBD 2016, the standard Cause of Death Ensemble 
modeling (CODEm) was used to estimate deaths due to 
all causes of injury by age, sex, country and year, excluding 
“Exposure to forces of nature” and “Collective violence and 
legal intervention.” These fall under the aggregate cause 
of “Forces of nature, war, and legal intervention.” Fatal 
discontinuity for five injury causes was also modeled in 
CODEm. These included “Motor vehicle road injuries,” 
“Other transport injuries,” “Fire, heat, and hot substances,” 
“Poisonings,” and “Other exposure to mechanical forces.” 
Final fatal discontinuity estimates for these causes were 
merged with CODEm results post-CodCorrect to produce 
final cause-of-death results. CodCorrect uses a simple 
algorithm to scale specific deaths from all causes for each 
group, sex, year, and locations to ensure that the sum equals 
total all-cause mortality.1,4 

GBD Injury Codes and Categories
As a standard diagnostic tool for epidemiology, International 
Classification of Diseases (ICD) codes and categories were 
used to classify injuries. In the GBD study, injury incidence 
and death are categorized through ICD-9 codes E000-E999, 
and ICD-10 chapters V to Y. Deaths and cases of alcohol 
poisoning and drug overdoses are classified under drug and 
alcohol use disorders (see Injury Cause List). The 2015 and 
2016 GBD disease and injury study describes how injury 
causes were organized into 27 mutually exclusive, and 
collectively exhaustive, external cause-of-injury categories.29 
For GBD 2016, “self-harm” was grouped into “self-harm by 
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firearm”, and “self-harm by other specified means.”

Preparation of Data 
The preparation of cause of death data includes age splitting, 
age-sex splitting, smoothing, and outlier detection all of 
which are described in detail by Naghavi et al4 and Lozano et 
al.32 The concept of “garbage codes” and the redistribution 
of these codes was proposed in the GBD of 1990.33 Garbage 
codes should not be identified as specific underlying causes 
of death, but have been entered as such on death certificates. 
A classic example is “Exposure to unspecified factor” (X59 
in ICD-10 and E887 in ICD-9), and all undetermined 
intent codes (Y10-Y34 in ICD-10 and E980-E988 in 
ICD-9). Other examples of garbage codes in injuries are 
the coding of an injury death to intermediate codes like 
septicemia or peritonitis, or as an ill-defined and unknown 
cause of mortality (R99). Approximately 2% of total deaths 
in countries with vital registration data are attributed to 
these three injury garbage code categories.32

Splitting Into Sublevel Causes
In countries with non-detailed ICD code data, cause-of-
injury categories were proportionally split into sublevel 
cause-of-injury categories. The sublevel cause-of-injury 
causes were created in the CodCorrect process. For GBD 
2015 and 2016, the proportions were based on the 
Matzopoulos.34

Nonfatal Injuries
Case Definition for Non-fatal Health Outcome
The 2015 and 2016 GBD identifies 27 causes for non-fatal 
health outcomes, with transport injuries, falls, drowning, 
self-harm, interpersonal violence, and animal contact 
included in the estimation process. Each of these causes can 
include multiple modelable entities, which vary by cause. 
Injury incidence is defined using ICD-9 codes E000-E999 
and ICD-10 Chapters V to Y. For non-fatal estimation, 
chapters S and T in ICD-10 and codes 800-999 in ICD9 
are used to estimate morbidity.29

Input Data 
To estimate morbidity from injuries, the GBD injury team 
used data from hospital and emergency department records, 
and surveys to produce years lost to disability (YLDs) by 
country, year, sex, age, external cause-of-injury, and nature 
of injury category. Similar data points that met outlier 
criteria were excluded.

Modeling Strategy
Two categories of injury severity were modeled separately 
for estimating injury incidence. Injuries that were severe 
enough to warrant “in-patient health care,” and injuries 
requiring outpatient health care or emergency department 
visits, but not hospitalization, assumed that such care and 
facilities were available. 

Starting with the 2015 GBD, the incidence for 27 cause-
of-injury categories is modeled using DisMod-MR 2.0, 
which is a descriptive epidemiological meta-regression tool. 

DisMod-MR uses the integrative systems modeling approach 
to produce simultaneous estimates of disease incidence, 
prevalence, remission, and mortality. Covariates used in 
DisMod-MR came from hospital, emergency/outpatient 
departments, and survey datasets.30 For GBD 2016, the 
DisMod-MR2.2 tool was used. No substantive changes in 
estimates were made from DisMod-MR 2.1, however, this 
made it possible to prove estimation for terminal age group 
of 95+ in addition to the new locations added for GBD 
2016 cycle.4

YLLs are calculated by multiplying each death by the 
normative standard life expectancy and age of death (86 and 
59 years, respectively) using the 2015 GBD standard life 
table.1 YLDs are calculated by multiplying the number of 
prevalence cases of a certain health outcome by the disability 
weight (i.e. the general public’s assessment of the severity 
of health loss associated with the cause) and assigned to 
this outcome.29 A disability weight reflects the magnitude 
of the health loss associated with an outcome, and ranged 
between 0 (meaning full health) and 1 (equal to death). The 
DALYs estimate quantifies the total burden of years lost to 
premature death or disability, and is computed by summing 
the fatal burden and non-fatal burden associated with a 
cause (i.e., YLL+YLD). Other publications provide details 
for calculation of YLL and YLS estimates.1,30

In this report, RTIs comprise injuries involving motorized 
vehicles with four or more wheels, pedestrians, motorized 
vehicle with two wheels, pedal cycle vehicle, other road 
injuries, and other transport injuries. The study areas 
include Afghanistan, Armenia, Azerbaijan, Bahrain, Iran, 
Iraq, Kazakhstan, Kuwait, Oman, Pakistan, Qatar, Russia, 
Saudi Arabia, Turkey, Turkmenistan, and the United Arab 
Emirates. These countries encompass four regions of the 
Middle East, Central Asia, Eastern Europe and south Asia, 
and represent very diverse economic, cultural and social 
characteristics. They have different gross domestic products, 
socio-demographic profiles, health indicators, and health 
system capacities and coverage. However, each have faced 
similar health challenges at different times through war, 
unrest, and economic changes.

Role of the Funding Source
The funder of the 2016 GBD study had no role in the study 
design, data collection, data analysis, data interpretation, 
or writing of the report. The corresponding author had full 
access to all the data in the study and has final responsibility 
for the decision to submit for publication.

Results
Iran: Mortality
In 2016, age standardized transport injuries in Iran 
accounted for 35.6 (UI: 29.64. -43.44) of deaths per 
100 000, compared to 60.8 (UI: 51.04–72.49) of deaths in 
1990 (see Supplementary data, Figure S1). Of the leading 
21 level 2 causes of deaths, transport injuries descended 
from the fourth leading cause of death in 1990 to the fifth 
leading cause of death in 2016 (Figure 1). In the 15-49-year-
old age group, transport injury ranked first among the top 
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20 communicable, non-communicable, and injury causes of 
deaths, in 2016 (see Supplementary data, FigureS 2).

Table 1 depicts total numbers, age-standardized rates, the 
percent change of deaths, YLLs, YLDs and DALYs due to 
transport injury, RTI and different types of RTIs in both 
sexes between 1990 and 2016 in Iran. In 2016, in males, 
age-standardized death rates due to transport injuries were 
highest in motor vehicles (25.6), followed by pedestrian 
(19.85), and motorcyclist (6.28) per 100 000. These rates 
were much lower in females, as depicted in Table 1. During 
this period, death rate due to motor vehicle and pedestrian 
injuries (sub-cause of transport injury) in males decreased by 
41.8% and 39.8%, respectively, and in females by 42.9%, 
and 44.3%, respectively. Similarly, the age-standardized 
death rates due to motorcycle road injuries decreased by 
44.4% in males, for the same period. Furthermore, we 
observe a 15.2% decrease in death rates due to “other 
transports” in males, but 3.8% increase in females. 

In 2016, age standardized RTIs in Iran accounted for 
34.82 (UI: 28.97–42.3) of deaths per 100 000, compared to 
59.87 (50.33–71.35) in 1990.

Observed deaths for RTIs exceeded expected deaths by 
0.003 (-2.38 vs. -2.08 per 100 000) (see Supplementary 
data, Figure S3). This ratio was nearly similar for males 
0.003 (-2.34 vs. -2.02 deaths per 100 000) and females 0.001 
(-2.39 vs. 2.25 deaths per 100 000) (see Supplementary, 
Figure S4). Of the leading 36 level 3 causes of death, age-
standardized deaths due to RTIs ranked third in males 
versus ninth in females (see Supplementary data, Figure S5).

In 2016, the highest percentage of deaths was due to motor 
vehicle road injuries in the 20–24-year old group (19.1%; 
UI: 14.8%–24.0%). This was followed by pedestrian sub-
cause in the 5–9-year-old group at 15.0% of total deaths 
(UI: 11.6%–18.6%). The highest motorcycling-related 
deaths occurred in the 15–19-year-old age group (9.24.1%; 
IU: 5.89% - 13.8%), followed by those 20–24 years old 
(7.47%; UI: 4.74%–13.4%) (see Supplementary data, Table 

S1) (Figure 1).
From 1990 to 2016, males who suffered motorcyclist 

and “other transport injuries” showed a 10.4% and 105.8% 
increase in deaths rates, respectively. Females who suffered 
“other transport injuries” showed a 65.1% increase in death 
rates. The percentage of change in other types of road injuries 
was negative (Table 1). In males and females, the highest 
reduction in death rates from 1990 to 2016 occurred in 
motorcycle sub-cause, 44.4 and 62.4, respectively (Table 1).

Years of Life Lost: Premature Death
In Iran, transport injuries claimed 1528.72 YLLs per 
100 000 (UI: 1275.9–1852.3) in 2016 (see Supplementary 
data, Figure S6). RTTs moved from third leading cause of 
YLLs in 1990 to second in 2016 on the list of all causes 
(See Supplementary data, Figure S7). The rate of premature 
death from RTIs was higher in males (2295.4 per 100 000; 
UI: (1817.07–2872.7) than females (677.6 per 100 000; 
UI [538.5–856.5]). From 1990 to 2016, premature deaths 
due to RTIs changed in males and females from third to 
second and sixth to fifth, respectively (See Supplementary 
data, Figure S8).

In 2016, the rate of age-standardized YLL per 100 000 
in males is the highest in motor vehicle injuries (1117.35 
100 000; UI: 846.09–1443.9), followed by pedestrian 
injuries (791.3 per 100 000: UI: 588.72–1022.41) and 
motorcyclist injuries (317.9 per 100 000; UI: 223.2–524.2). 
In females, also, YLLs per 100 000 are highest in motor 
vehicle injuries (375.12: UI: 285.5–472.4) and pedestrian 
injuries (253.6; UI: 196.7–323.1) (Table 1). 

From 1990 to 2016, “other road injuries” for males 
showed a 70.2% increase in YLLs, with a decrease for other 
causes. For females, all sub-causes of transport injuries 
were decreased. In males, the highest reduction in YLLs 
occurred in pedestrian injuries at 45.6% and in females in 
motorcyclist injury at 66.1%, (Table 1).

Years Lived With Disability
In 2016, transport injuries resulted in 210.2 YLDs per 
100 000 in Iran (UI: (137.5–303.2) and ranked 10 out of a 
total of 21 level 2 causes of YLDs. This ranking has changed 
since 1990 from 12 to 10 (see Supplementary data, Figure 
S9). However, ranking of RTIs on the list of all causes of 
YLDs has remained the same from 1990 to 2016 (16th) 
(see Supplementary data, Figure S10). For male and female, 
RTIs, in 2016, resulted in 241.6 (UI: 157.72–347.34) and 
111.6 (UI: 72.3–160.71) YLDs, per 100 000, respectively 
(see Supplementary data, Figure S11). 

From 1990 to 2016, motorcycle and motor vehicles 
injuries for males showed a 14.9% and 8.55% decrease in 
YLDs, respectively. The highest reduction in YLDs occurred 
among male (17.5), and female (31.1%) pedestrians. 
Between 1990 and 2016, YLDs decreased among all 
transport injuries for females (Table 1).

The burden of disabilities resulting from different types 
of transport injuries started in the 5–10-year-old age group 
in both sexes and continued to increase across the entire 

Figure 1. Percent of Total Death, Transport Injury Sub-causes, Both 
Sexes, 2016, Iran.
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life span. This is especially true for YLDs related to motor 
vehicle and motorcyclist injuries (see Supplementary data, 
Figure S12). 

Disability-Adjusted Life Years
In 2016, transport injuries accounted for 1738.2 DALYs per 
100 000 in Iran (UI: 1463.3–2087.2) (see Supplementary 
data, Figure S13) and 1438.67.14 DALYs (UI: 1 205 668.51–
1 739 198.92) (see Supplementary data, Figure S14). RTIs 
moved from the third leading cause of DALYs in 1990 to 
second in 2016 on the list of all causes (see Supplementary 
data, Figure S15). In the same year, RTIs ranked second in 
males and resulted in 2537.01 per 100 000 (UI: 2057.17–
3166.04). DALYs for RTIs, up one ranks from1990 (see 
Supplementary data, Figure S16). In females, RTIs ranked 
sixth out of all causes, in 1990, and 10th in 2016, which 
resulted in 789.2 (UI: 640.83–962.19) DALYs per 100 000 
(see Supplementary data, Figure S17). 

In both 1990 and 2016, the largest DALYs in males and 
females resulted from motor vehicle injuries (Table 1). This 
was followed by pedestrian and motorcycle injuries. From 
1990 to 2016, DALYs for males decreased in all types of 
transport injuries except in “other road injuries,” which 
increased by 22.3%. In males, the highest reduction in 
DALYs rate occurred in pedestrian injuries followed by 
motorcyclist road injury at 44.4% and 41.2%. In females the 
highest reduction occurred in motorcycle injuries followed 
by pedestrian injuries at 58.6% and 55.9%. (Table 1).

Transport Age Standardize Death Rates and DALYs in Iran 
and 15 Surrounding Countries
As depicted in Table 3 in 2016, Afghanistan had the largest 
transport injury death rates per 100 000 (59.1), followed 
by UAE (53.7), Oman (51.4), Saudi Arabia (37.5), and 
Iran (35.6). From 1990 to 2016, Iran had -2.06 annual 
percent change in transport deaths rates. The lowest annual 

Table 2. Age Standardized Deaths Rates for Transport Injuries, Both Sexes, in Iran and Neighboring Countries, 1990–2016

1990 1995 2000 2005 2010 2016 Annual % Change O/E SDI

Afghanistan 62.96 66.25 66.19 68.41 60.59 59.14 (52.09 -66.8) -0.24 2.04 0.28

Armenia 19.69 15.9 12.32 10.92 9.9 8.78 (7.62- 10.15) -3.11 0.46 0.75

Azerbaijan 18.18 20.65 9.73 9.8 8.99 8.51 (6.88 – 10.61) -2.92 0.46 0.77

Bahrain 33.35 33.14 49.94 23.53 16.84 15.74 (12.68 – 19.86) -0.02 0.77 0.74

Iran 60.8 62 62.66 61.23 46.33 35.62 (29.64 -43.44) -2.06 1.95 0.77

Iraq 29.79 30.8 31.26 31.09 29.31 27.49 (21.11- 34.5) -0.31 0.8 0.47

Kazakhstan 25.24 24.45 21.75 30.25 25.05 18.27 (14.86- 22.17) -1.24 0.95 0.76

Kuwait 27.18 29.88 28.39 27.79 21.76 18.83 (13.81- 24.96) -1.41 1.28 0.83

Oman 83.74 76.59 66.58 60.59 57.22 51.45 (45.25- 57.63) -1.87 2.39 0.72

Pakistan 17.74 21.23 24.24 26.48 26.46 24.95 (19.53 – 34.31) 1.31 0.75 0.52

Qatar 31.7 29.79 45.16 49.99 35.47 33.38 (23.53- 46.68) 0.2 1.95 0.79

Russia 26.92 36.62 31.6 30.65 22.35 19.83 (14.05 – 26.97) -1.18 1.34 0.83

Saudi Arabia 49.83 48.34 48.51 47.53 43.47 37.5 (33.27 -41.28) -1.09 2.23 0.8

Turkey 19.09 19.67 16.11 13.45 11.02 11.63 (9.6-13.66) -1.91 0.61 0.76

Turkmenistan 20.9 15.9 14.14 15.07 10.96 8.58 (7.76 -9.41) -3.43 0.45 0.76

United Arab Emirates 49.79 48.75 45.34 45.74 52.6 53.71 (36.59 – 72.77) 0.29 2.93 0.77

Table 3. Age-Standardized DALYs Rate and Ratio of Observed vs. Expected (O/E), Per 100 000, Both Sexes, All Transport Injuries in Iran and its Neighboring 
Countries, 2016.

Location DALYs Lower Bound Upper Bond O/E

Afghanistan 2985.1 2646.6 3411.9 2.05

Armenia 530.43 453.7 619.46 0.5

Azerbaijan 518.97 428.86 633.92 0.5

Bahrain 619.2 515.7 757.3 0.60

Iran 1738.25 1463.33 2087.2 1.7

Iraq 1388.38 1084.58 1718.67 0.82

Kazakhstan 1078.87 897.45 1292.58 1.02

Kuwait 914.65 711.73 1165.44 1.05

Oman 2258.74 1973.84 2542.83 1.94

Pakistan 1295.87 1044.39 1697.91 0.79

Qatar 1621.05 1238.38 2144.94 1.67

Russia 1187.91 879.14 1544.87 1.37

Saudi Arabia 1583.74 1417.4 1752.53 1.66

Turkey 673.28 567.14 785.89 0.64

Turkmenistan 560.12 498.47 643.86 0.53

United Arab Emirates 2085.46 1488.11 2733.16 2.04Ta
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percent change is reported for Turkmenistan at -3.43. While 
Pakistan, UAE and Qatar had the highest annual percent 
change in transport injury (Table 2). Across all countries, 
the observed-to-expected ratios for transport injury death 
rates varied noticeably in 2016. The UAE had the largest 
age-standardized ratios of observed-to-expected rate (2.93), 
followed by Oman (2.39), Saudi Arabia (2.23), Afghanistan 
(2.04) and Iran (1.95) (Table 3).

In 2016, for every 4 males who died of RTIs in Iran, 
1 female died (3.3 to 1). Similarly, RTI death rates in 
neighboring countries affected more males than females. 
Armenia reported the highest male-to-female ratio (5.1 to 1) 
and Pakistan reported the lowest (2.1 to 1). In all countries, 
motor vehicle injuries were the major sub-cause of transport 
injuries (Figure 2).

Figure 3 visually depicts age-standardized DALY rates per 
100 000 for both sexes in Iran and 15 surrounding countries 
for transport injuries. Iran had the highest rate in 2016 
(1738.2) after Afghanistan (2985.1) and Oman (2258.7) and 
UAE (2085.5). The lowest DALY is reported for Azerbaijan 
(518.9). Azerbaijan and Turkmenistan respectively, have 

the lowest death and DALY rates due to transport injuries 
(Table 3). The highest ratios of observed-versus-expected 
age-standardized DALYs belong to the Afghanistan (2.05), 
followed by UAE (2.04), and Oman (1.94). Iran’s ratio is 
1.7 (Table 3). 

Discussion
This is the most recent report of the burden of RTIs in Iran 
and its neighboring countries. Our findings show that RTIs 
are epidemic in these countries. In Iran, the burden is mainly 
caused by motor vehicles and motorcycle-related injuries 
and primarily affect the most economically productive 
age groups. The RTI burden is disproportionally borne by 
males and school-age children, findings that are supported 
by previous studies.35

From 1990 to 2016 pedestrians had a large reduction in 
the burden of RTIs (i.e., death, YLLs, YLDs and DALYs). 
This suggests, perhaps, that policies aimed at protecting 
and enhancing the safety of these vulnerable road users are 
having an effect. 

Reporting on Iran’s experience, and that of its neighboring 

Figure 2. Age-Standardized, Death Rate, Male and Female, 2016, Iran and Surrounding Countries.

Figure 3. Age-Standardized, DALYs Rate and Ratio of Observed/Expected for Transport Injuries, Both Sexes, 2016, Iran and its 
Neighbouring Countries.
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countries from 1990 to 2016 reveals several important points.1 
Firstly, in all countries, motor vehicle injury is the leading 
sub-cause of death. Secondly, males are disproportionally 
affected by RTI-related deaths and burdens compared 
to females. Thirdly, there is no discernable relationship 
between a country’s Socio-Demographic Index (SDI) scores 
and RTI deaths. For example, with an SDI score of 0.77, 
Iran has been more successful in lowering its RTI O/E 
death ratio than Saudi Arabia, which enjoy SDIs of 0.8. 
Similar disconnects exist in other countries, suggesting RTI 
prevention and management go beyond socio-economic 
factors in countries even in the same general geographical 
region. 

The decrease in rates of change in RTIs deaths between 
1990 and 2016 across all countries, except UAE, Pakistan 
and Qatar, suggests that advocacy and action in prevention 
and management of RTIs are moving in the right direction. 
However, it is imperative to identify national measures that 
have contributed to the downward trend to formulate and 
initiate additional effective plans and policies. For example, 
Iran has addressed road congestion at the local level by 
assembling a surveillance system and road network in its 
capital of Tehran. Also, in order to accurately register RTIs 
fatalities, Iran has used the capture-recapture method in 
West Azerbaijan.36 

Pakistan has introduced the Road Traffic Injuries Research 
Network (RTIRN) surveillance system in Karachi to capture 
RTIs.12 The UAE has addressed improving drivers’ training 
by establishing a new training center. Oman has a state-of-
the-art vehicle registration and mechanical center.37 Russia 
has addressed seatbelt and child restraint use and speeding by 
funding programs with similar aims.38 Bahrain has reduced 
children/pedestrian casualties by increasing the number 
of traffic police near schools.39 It is equally important to 
determine the extent to which these measures address road 
and vehicle safety, management of trauma care, road safety 
education and training, and result in stricter enforcement 
of traffic laws.24,15,40,41 This calls for capacity building at 
the national and regional level to: (1) capture accurate RTI 
data, (2) monitor the human, social, and economic cost of 
road traffic crashes and injuries, (3) establish more efficient 
educational programs in Iran and its neighboring countries 
to improve road and traffic safety and decrease road injury 
burden through cultivating a safe driving culture, (4) evaluate 
the effectiveness of interventions, and (5) disseminate 
success stories in reducing the burden of RTIs. Also, the 
increase in the number of roads, cars, drivers, pedestrians, 
driving hours, distracted driving due to the use of mobile 
phones, increasing tourism, among other factors, call for 
multi-sectoral cooperation and political will at the national, 
regional, and global level. These entities must fund and 
support road safety education, professional development 
and training, research, and projects that promote a culture of 
road safety and reliable RTI data capture.37 Although these 
tasks may seem daunting, they will enable and empower the 
next generation of road users to limit road traffic deaths and 
burden of injury. 

Limitations in Data and Modeling
Despite the continuous burden of RTIs, the lack and 
limitations of vital registration data, incomplete reports, 
different and sometimes conflicting methods of data 
collection are common hindrances and prevalent in most 
of the countries in the current study.42 Estimates were, 
therefore, calculated using models and covariates that rely 
on limited vital registration data, incomplete and different 
death records, available police and verbal autopsy data, and 
by borrowing strength over time and location using the 
large GBD mortality database. Therefore, where data was 
less available, estimates are less precise. Moreover, police 
data tends to underestimate the exact degree and details of 
deaths. Police data estimates were used in instances where 
reported deaths were higher than vital registration numbers. 
Efforts were made to capture all sources of uncertainty in 
the data.29,43 

In conclusion, nearly two decades after the first UN 
resolution on road safety in March 2003, and the WHO 
endorsement that “Road Safety Is No Accident” in 2004,37 
thousands of RTI-related deaths, DALYs, YLL, and YLD 
are still reported in Iran and its neighboring countries. 
RTIs continue to be a public health burden. There is some 
evidence of decline in RTIs at the national level for each 
of the countries in our study except for Pakistan. The most 
vulnerable road users are children and young adults. The 
most frequent sub-causes are the motor vehicle, motorcycle, 
and pedestrian injuries. Furthermore, our findings support 
the value of ongoing efforts in each country to enhance the 
safety of all road users. 

Global advocacy is needed to promote the completeness 
of vital registration data in Iran and its neighboring 
countries. At the regional level, Iran and its neighbors could 
consolidate their efforts for road safety capacity building, 
scale up effective preventive and management RTI measures, 
and establish and monitor a regional RTI registry to capture 
accurate pre-crash, crash, and post-crash data. Partnership 
with private sectors could facilitate innovative strategies to 
reduce the toll of RTIs. 

Authors’ Contribution
SBH took the lead in writing the manuscript in consultation with 
MN and AA. AS assisted with the calculations, technical details 
and drafting the manuscript. SD assisted with mapping GBD data. 
All the authors provided critical feedback and helped shape the 
analysis and the final version of the manuscript.

Conflict of Interest Disclosures
The authors of this manuscript do not have any conflicts of interest 
to disclose at the time of submission.

Ethical Statement
This manuscript reflects original work. It has not been published 
in whole or in part and is not under consideration elsewhere. All 
authors have read the manuscript and have agreed that the work is 
ready for submission and accept responsibility for its contents. The 
funding source played no role in the design of the study, the analysis 
and interpretation of data, and the writing of the paper. The study 
did not involve human participants and/or animals; therefore, no 
informed consent was needed.



 Arch Iran Med, Volume 21, Issue 12, December 2018                                                        564

Bazargan-Hejazi et al 

Funding
This research was funded by the Bill & Melinda Gates Foundation.

Supplementary Materials
Supplementary data contains Table S1 and Figures S1-S17.

References 
1.	 Global, regional, and national life expectancy, all-cause 

mortality, and cause-specific mortality for 249 causes of 
death, 1980-2015: a systematic analysis for the Global Burden 
of Disease Study 2015. Lancet. 2016;388(10053):1459-544. 
doi: 10.1016/s0140-6736(16)31012-1.

2.	 Mathers CD, Loncar D. Projections of global mortality 
and burden of disease from 2002 to 2030. PLoS Med. 
2006;3(11):e442.

3.	 Naeem Z. Road traffic injuries - changing trend? Int J Health 
Sci (Qassim). 2010;4(2):v-viii.

4.	 Global, regional, and national under-5 mortality, adult 
mortality, age-specific mortality, and life expectancy, 1970-
2016: a systematic analysis for the Global Burden of Disease 
Study 2016. Lancet. 2017;390(10100):1084-150. doi: 
10.1016/s0140-6736(17)31833-0.

5.	 Naghavi M, Abolhassani F, Pourmalek F, Lakeh M, Jafari N, 
Vaseghi S, et al. The burden of disease and injury in Iran 2003. 
Popul Health Metr. 2009;7:9. doi: 10.1186/1478-7954-7-9.

6.	 Mokdad AH, Jaber S, Aziz MI, AlBuhairan F, AlGhaithi A, 
AlHamad NM, et al. The state of health in the Arab world, 
1990-2010: an analysis of the burden of diseases, injuries, and 
risk factors. Lancet. 2014;383(9914):309-20. doi: 10.1016/
s0140-6736(13)62189-3.

7.	 Ainy E, Soori H, Ganjali M, Le H, Baghfalaki T. Estimating cost 
of road traffic injuries in Iran using willingness to pay (WTP) 
method. PLoS One. 2014;9(12):e112721. doi: 10.1371/
journal.pone.0112721.

8.	 Mansuri FA, Al-Zalabani AH, Zalat MM, Qabshawi RI. Road 
safety and road traffic accidents in Saudi Arabia. A systematic 
review of existing evidence. Saudi Med J. 2015;36(4):418-24. 
doi: 10.15537/smj.2015.4.10003.

9.	 Sosa LM, Bhatti JA. Road traffic injuries in conflict areas. Inj 
Prev. 2013;19(5):367. doi: 10.1136/injuryprev-2012-040716.

10.	 Ruehsen MM, Abdul-Wahab AW. The epidemiology of trauma 
in an intensive care unit in Bahrain. J Trauma. 1989;29(1):31-
6.

11.	 Mir MU, Razzak JA, Ahmad K. Commercial vehicles and road 
safety in Pakistan: exploring high-risk attributes among drivers 
and vehicles. Int J Inj Contr Saf Promot. 2013;20(4):331-8. doi: 
10.1080/17457300.2012.733713.

12.	 Khan AA, Fatmi Z. Strategies for prevention of road traffic 
injuries (RTIs) in Pakistan: situational analysis. J Coll Physicians 
Surg Pak. 2014;24(5):356-60. doi: 04.2014/jcpsp.356360.

13.	 Klair AA, Arfan M. Use of seat belt and enforcement of seat 
belt laws in Pakistan. Traffic Inj Prev. 2014;15(7):706-10. doi: 
10.1080/15389588.2013.877586.

14.	 Naghavi M, Shahraz S, Bhalla K, Jafari N, Pourmalek F, Bartels 
D, et al. Adverse health outcomes of road traffic injuries in Iran 
after rapid motorization. Arch Iran Med. 2009;12(3):284-94.

15.	 Khorasani-Zavareh D, Mohammadi R, Khankeh HR, Laflamme 
L, Bikmoradi A, Haglund BJ. The requirements and challenges 
in preventing of road traffic injury in Iran. A qualitative study. 
BMC Public Health. 2009;9:486. doi: 10.1186/1471-2458-9-
486.

16.	 Haghparast-Bidgoli H, Hasselberg M, Khankeh H, Khorasani-
Zavareh D, Johansson E. Barriers and facilitators to provide 
effective pre-hospital trauma care for road traffic injury victims 
in Iran: a grounded theory approach. BMC Emerg Med. 
2010;10:20. doi: 10.1186/1471-227x-10-20.

17.	 Al Azri M, Al Reesi H, Al-Adawi S, Al Maniri A, Freeman J. 
Personality of young drivers in Oman: Relationship to risky 

driving behaviors and crash involvement among Sultan 
Qaboos University students. Traffic Inj Prev. 2017;18(2):150-
6. doi: 10.1080/15389588.2016.1235269.

18.	 Grivna M, Eid HO, Abu-Zidan FM. Youth traffic-related 
injuries: a prospective study. World J Emerg Surg. 2017;12:2. 
doi: 10.1186/s13017-016-0113-2.

19.	 Shams M, Rahimi-Movaghar V. Risky driving behaviors 
in Tehran, Iran. Traffic Inj Prev. 2009;10(1):91-4. doi: 
10.1080/15389580802492280.

20.	 Kayani A, Fleiter JJ, King MJ. Underreporting of road crashes in 
Pakistan and the role of fate. Traffic Inj Prev. 2014;15(1):34-9. 
doi: 10.1080/15389588.2013.793797.

21.	 Kashani AT, Shariat-Mohaymany A, Ranjbari A. Analysis of 
factors associated with traffic injury severity on rural roads in 
Iran. J Inj Violence Res. 2012;4(1):36-41. doi: 10.5249/jivr.
v4i1.67.  

22.	 Soori H, Nasermoadeli A, Ainy E, Hassani SA, Mehmandar 
MR. Association between mandatory seatbelt laws and road 
traffic injuries in Iran. Southeast Asian J Trop Med Public 
Health. 2011;42(6):1540-5.

23.	 Carpenter CS, Stehr M. The effects of mandatory seatbelt laws 
on seatbelt use, motor vehicle fatalities, and crash-related 
injuries among youths. J Health Econ. 2008;27(3):642-62. doi: 
10.1016/j.jhealeco.2007.09.010.

24.	 Soori H, Royanian M, Zali AR, Movahedinejad A. Study 
of changes on road traffic injury rates, before and after of 
four interventions by Iran traffic police. Pajoohandeh J. 
2009;14(1):15-20.

25.	 Morrison DS, Petticrew M, Thomson H. What are the most 
effective ways of improving population health through 
transport interventions? Evidence from systematic reviews. J 
Epidemiol Community Health. 2003;57(5):327-33.

26.	 Moller M, Haustein S. Peer influence on speeding behaviour 
among male drivers aged 18 and 28. Accid Anal Prev. 
2014;64:92-9. doi: 10.1016/j.aap.2013.11.009.  

27.	 Bingham CR, Simons-Morton BG, Pradhan AK, Li K, Almani F, 
Falk EB, et al. Peer Passenger Norms and Pressure: Experimental 
Effects on Simulated Driving Among Teenage Males. Transp 
Res Part F Traffic Psychol Behav. 2016;41(A):124-37. doi: 
10.1016/j.trf.2016.06.007.

28.	 Abbas AK, Hefny AF, Abu-Zidan FM. Does wearing helmets 
reduce motorcycle-related death? A global evaluation. Accid 
Anal Prev. 2012;49:249-52. doi: 10.1016/j.aap.2011.09.033.  

29.	 Global, regional, and national incidence, prevalence, and 
years lived with disability for 310 diseases and injuries, 
1990-2015: a systematic analysis for the Global Burden of 
Disease Study 2015. Lancet. 2016;388(10053):1545-602. doi: 
10.1016/s0140-6736(16)31678-6.

30.	 Global, regional, and national disability-adjusted life-
years (DALYs) for 315 diseases and injuries and healthy 
life expectancy (HALE), 1990-2015: a systematic 
analysis for the Global Burden of Disease Study 2015. 
Lancet. 2016;388(10053):1603-58. doi: 10.1016/s0140-
6736(16)31460-x.

31.	 Global, regional, and national comparative risk assessment 
of 79 behavioural, environmental and occupational, and 
metabolic risks or clusters of risks, 1990-2015: a systematic 
analysis for the Global Burden of Disease Study 2015. 
Lancet. 2016;388(10053):1659-724. doi: 10.1016/s0140-
6736(16)31679-8.

32.	 Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans 
V, et al. Global and regional mortality from 235 causes 
of death for 20 age groups in 1990 and 2010: a systematic 
analysis for the Global Burden of Disease Study 2010. 
Lancet. 2012;380(9859):2095-128. doi: 10.1016/s0140-
6736(12)61728-0.

33.	 Murray CJL, Lopez AD, World Health Organization, World 
Bank & Harvard School of Public Health. The Global burden 



                                                                                                     Arch Iran Med, Volume 21, Issue 12, December 2018 565

The Burden of RTIs in Iran and the Local Region

of disease: a comprehensive assessment of mortality and 
disability from diseases, injuries, and risk factors in 1990 and 
projected to 2020. Geneva: World Health Organization; 1996.

34.	 Murray CJ, Barber RM, Foreman KJ, Abbasoglu Ozgoren A, 
Abd-Allah F, Abera SF, et al. Global, regional, and national 
disability-adjusted life years (DALYs) for 306 diseases and 
injuries and healthy life expectancy (HALE) for 188 countries, 
1990-2013: quantifying the epidemiological transition. 
Lancet. 2015;386(10009):2145-91. doi: 10.1016/s0140-
6736(15)61340-x.

35.	 Haghparast-Bidgoli H, Saadat S, Bogg L, Yarmohammadian 
MH, Hasselberg M. Factors affecting hospital length of stay 
and hospital charges associated with road traffic-related 
injuries in Iran. BMC Health Serv Res. 2013;13:281. doi: 
10.1186/1472-6963-13-281.

36.	 Khorasani Zavareh D, Mohammadi R, Laflamme L, Naghavi 
M, Zarei A, Haglund BJ. Estimating road traffic mortality 
more accurately: use of the capture-recapture method in the 
West Azarbaijan province of Iran. Int J Inj Contr Saf Promot. 
2008;15(1):9-17. doi: 10.1080/17457300701794105.

37.	 Al-Kharusi W. Update on road traffic crashes: progress in the 
Middle East. Clin Orthop Relat Res. 2008;466(10):2457-64. 
doi: 10.1007/s11999-008-0439-5.

38.	 Gupta S, Paichadze N, Gritsenko E, Klyavin V, Yurasova E, Hyder 
AA. Evaluation of the five-year Bloomberg Philanthropies 
Global Road Safety Program in the Russian Federation. Public 

Health. 2017;144s:S5-s14. doi: 10.1016/j.puhe.2016.12.030.
39.	 Ali GA. Traffic accidents and road safety management: 

a comparative analysis and evaluation in industrial, 
developing and rich-developing countries. Proceedings 
of the 29th Southern African Transport Conference 
(SATC); 16 - 19 August 2010; Pretoria, South Africa. p. 
530-40. Available from: https://pdfs.semanticscholar.org/
cf26/7fbf50ad9b295560d06f5dc69b9f4b321db2.pdf. 

40.	 Peymani P, Heydari ST, Hoseinzadeh A, Sarikhani Y, Hedjazi 
A, Zarenezhad M, et al. Epidemiological characteristics of fatal 
pedestrian accidents in Fars Province of Iran: a community-
based survey. Chin J Traumatol. 2012;15(5):279-83.

41.	 Hatamabadi H, Vafaee R, Hadadi M, Abdalvand A, Esnaashari 
H, Soori H. Epidemiologic study of road traffic injuries by 
road user type characteristics and road environment in Iran: a 
community-based approach. Traffic Inj Prev. 2012;13(1):61-4. 
doi: 10.1080/15389588.2011.623201.

42.	 Setel PW, Macfarlane SB, Szreter S, Mikkelsen L, Jha P, Stout 
S, et al. A scandal of invisibility: making everyone count by 
counting everyone. Lancet. 2007;370(9598):1569-77. doi: 
10.1016/s0140-6736(07)61307-5.

43.	 Global, regional, and national age-sex specific all-cause and 
cause-specific mortality for 240 causes of death, 1990-2013: 
a systematic analysis for the Global Burden of Disease Study 
2013. Lancet. 2015;385(9963):117-71. doi: 10.1016/s0140-
6736(14)61682-2.

                    © 2018 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


