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Introduction
Accidents and incidents rank as the third 
leading cause of mortality worldwide, 
following cardiovascular diseases and 
cancer.[1] According to the World Health 
Organization  (WHO), an accident is 
defined as an unforeseen event that causes 
recognizable harm and is characterized as 
an unexpected and unplanned occurrence 
that can lead to injury.[2] The advent of the 
Industrial Revolution and its subsequent 
transformations have drastically altered 
human living conditions.[3] Currently, 
accidents and incidents represent a 
significant drain on governmental resources 
and programs. Factors such as climate 
change, anthropogenic environmental 
alterations, and rapid technological 
advancements have contributed to both 
an increased frequency of accidents and a 
heightened vulnerability of  populations.[4] 
Accidents are the second leading cause of 
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Abstract
Background: Globally, accidents rank as the third leading cause of mortality, following 
cardiovascular diseases and cancer. Accidents also account for 12% of the global disease burden. 
This study aims to examine the trends in mortality cases resulting from both traffic and non‑traffic 
accidents. Materials and Methods: This descriptive‑analytical study utilized recorded data from the 
Health Deputy of West Azerbaijan Province, Iran, spanning from 2013 to 2022. A  complete census 
was conducted across the entire province during the study period, yielding a total of 7716 fatalities 
due to traffic accidents and 7316 deaths due to non‑traffic accidents. The Box‑Jenkins AutoRegressive 
Integrated Moving Average (ARMA)  models were employed for time series analysis. Descriptive 
analysis was performed using SPSS software, while modeling conducted using R Studio and SAS. 
Result: A total of 7716 deaths were recorded due to traffic accidents, and 7316 deaths were attributed 
to non‑traffic accidents. Among traffic‑related fatalities, 19.67% were female and 80.33% were male. 
In contrast, for non‑traffic accidents, 29.65% of the victims were female and 70.35% were male. 
The ARIMA model was employed for modeling based on autocorrelation and partial autocorrelation 
plots, with the ARIMA (2, 0, 0) (2, 0, 0) model identified as the best fit for traffic accidents and the 
ARIMA  (1, 0, 1)  (2, 0, 0) model for non‑traffic accidents in the context of monthly mortality time 
series. Conclusions: The predictions for both traffic and non‑traffic accidents indicated a decreasing 
trend in mortality. Furthermore, mortality trends and distributions for both categories of accidents 
exhibited similarities.
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disabilities, contributing to physical and 
psychological trauma, and in severe cases, 
can lead to death. Approximately 15,000 
individuals suffer minor injuries daily. 
Globally, accidents account for 12% of the 
disease burden, with road traffic incidents 
being the leading cause of mortality from 
accidents.[5] According to the latest WHO 
Global Status Report on Road Safety (2023), 
while global road traffic mortality rates have 
remained largely unchanged, Iran continues 
to report some of the world’s highest rates 
of road traffic fatalities. Although substantial 
interventions have been implemented, the 
country still grapples with a significant 
public health burden attributable to road 
traffic injuries.[6]  Traffic accidents rank as 
the eighth leading cause of death worldwide 
and the primary cause of death among 
individuals aged 15–29.[7]

In Iran, it is estimated that about 9 
million accidents occur each year, making 
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them one of the primary causes of hospitalization and 
mortality.[8] Furthermore, Iran has one of the highest traffic 
accident mortality rates compared to other countries.[9] 
Accidents predominantly result in mortality among younger 
individuals, leading to a significant loss of potential life 
years, which in turn negatively affects life expectancy at 
birth and the economy and society as a whole.[10]

The first step in preventing and controlling casualties 
resulting from this major issue is to collect baseline data 
regarding its scope and related factors. Therefore, this study 
aims to provide precise information on mortality rates, 
identify trends in occurrence, and predict future incidence 
through time series analysis, particularly in light of the 
lack of similar studies in the region. This information will 
enable policymakers to implement preventive and control 
measures, especially for at‑risk groups.[11] Time series 
analysis is a statistical methodology for longitudinal study 
designs involving repeated measurements at specified 
intervals, such as daily, weekly, or annually. This type 
of analysis is utilized for forecasting, characterizing, 
elucidating, and controlling diseases. Due to the availability 
of comprehensive recorded data within the health system, 
time series analysis has attracted particular interest in 
medical and health research in recent years.[12] In medical 
sciences, time series modeling has been employed for 
diseases such as Crimean–Congo hemorrhagic fever[13]  and 
tuberculosis.[14] Consequently, researching to elucidate 
patterns of occurrence is a vital objective in disease 
prevention. This study aims to examine the trends in 
mortality cases due to traffic and non‑traffic accidents in 
West Azerbaijan province of Iran from 2013 to 2022.

Materials and Methods
The objective of this descriptive‑analytical study was to 
conduct an epidemiological investigation and time series 
modeling of mortality cases due to traffic and non‑traffic 
accidents in West Azerbaijan Province from March 21, 
2013, to March 20, 2022. The sampling was conducted as a 
complete census across the entire province during the study 
years, resulting in a total of 7,716 fatalities due to traffic 
accidents and 7,316 fatalities due to non‑traffic accidents 
recorded. The inclusion criteria were individuals whose 
deaths occurred in West Azerbaijan Province and were 
officially recorded. All data were provided anonymously, 
without identifying information about the deceased. The 
descriptive variables were gender, age group, and location 
of death. For time series analysis, the ARIMA (p, d, q)  (P, 
D, Q) model was utilized. Three key steps were taken 
in the modeling process to facilitate predictions: model 
identification, parameter estimation for the selected model, 
and model evaluation. To determine the order of the Moving 
Average  (MA) and Autoregressive  (AR) terms included in 
the ARIMA model, sample Autocorrelation Function (ACF) 
and Partial Autocorrelation Function  (PACF) graphs 
were employed. Specifically, an ARIMA model with 

p‑AR components and q‑MA components is suggested 
if statistically significant autocorrelation is observed 
in the sample ACF plot at q‑time lags and significant 
sample PACF at p  lags. The goodness of fit and Akaike’s 
Information Criterion  (AIC) were combined to select 
the final model  (order). The goodness of fit was assessed 
using the residual autocorrelation function to ensure that 
no additional autocorrelation was present in each fit. 
Descriptive analysis was performed using SPSS software, 
while time series modeling was conducted using R Studio 
and SAS.

Ethical considerations

This study was approved by the Ethics Committee of 
Urmia University of Medical Sciences  (code: IR.UMSU.
REC.1402.258). The data used in this study were 
collected without direct involvement of participants, and 
all information was received anonymously without any 
identifiers. All relevant ethical guidelines and regulations 
were followed. This manuscript is free from plagiarism. All 
authors confirm that the study was conducted honestly and 
with integrity, with no data fabrication or falsification. All 
ethical standards for scholarly research were fully observed.

Results
During the study period, a total of 7,716 deaths due to traffic 
accidents and 7,316 deaths due to non‑traffic accidents 
were recorded in West Azerbaijan Province. Among the 
7,716 traffic‑related deaths, only 1,518  (19.67%) occurred 
in females, while 6,198  (80.33%) occurred in males. Of 
the 7,316 non‑traffic‑related fatalities, 2,170  (29.65%) 
were among women and 5,146  (70.35%) were among 
men. Regarding traffic accidents, 2,911  (37.70%) deaths 
occurred in rural areas, while 4,805  (62.20%) occurred 
in urban areas. For non‑traffic accidents, 3,088  (42.20%) 
took place in rural areas, and 4,227  (57.70%) in urban 
areas. Fatalities in public areas and on roadways were 
more prevalent than those at home or in hospitals for 
both categories of the accidents. In non‑traffic incidents, 
the number of deaths in hospitals and homes were nearly 
the same, while in traffic accidents, the rate of mortality 
at home was lower  [Figure  1]. Overall, the mortality rate 
was the highest among individuals aged 11 to 30  years. 
Traffic‑related deaths were most prevalent in the 31–50 age 
group, while non‑traffic‑related deaths were more common 
in the 11–30 age group. Among individuals over  70  years 
old, non‑traffic accidents were more frequent.

In the initial phase of time series analysis, a time series 
plot of monthly mortality data due to traffic and non‑traffic 
accidents was created. The time series plot indicated that 
both data series were stationary in terms of variance, as 
the variability of the series remained relatively constant 
over time. The Box‑Cox test was employed to assess the 
variability in variance. The results showed no evidence 
of instability in the series’ variance. Both the lower and 
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upper confidence limits included a value of one, indicating 
consistent data dispersion. In the decomposition analysis, 
both types of accidents exhibited an increasing trend from 
the beginning of the study period, with a noticeable decline 
in traffic‑related incidents starting in 2019. However, 
from mid‑2020, mortality cases began to rise sharply 
again [Figure 2].

The identification of the AR parameter was conducted 
through the examination of the PACF plot. In the 
traffic‑related series, a significant partial autocorrelation 
was observed at lag 15 among the first 20 lags, resulting 
in an assignment of p  =  1. The analysis of the PACF plot 
to determine the seasonal parameter P revealed significant 
partial autocorrelation at lag 5 within the first 20 lags, 
leading to an assignment of P = 1. In the non‑traffic section, 
none of the partial autocorrelations in the first 20 lags 
were significant; therefore, p = 0 and p = 0 were assigned. 
Given the absence of seasonal differentiation, the order of 
the seasonal parameter is D  =  0. In the traffic section, an 
examination of the autocorrelation plot for the parameter q 
revealed significant autocorrelation at lag 12 among the first 
20 lags, leading to an evaluation of q = 1. Additionally, the 
autocorrelation plot in the non‑traffic section was significant 
at lag 1, resulting in the assignment of q = 1.

Based on the ACF and PACF plots, the ARIMA model 
was employed for modeling, with the ARMA  (1, 0, 1)  (0, 
1, 1) model without a constant term selected as the initial 

model for the time series behavior of monthly mortality 
due to traffic and non‑traffic accidents. Additionally, using 
the auto‑ARIMA feature in R software, the ARIMA  (2, 0, 
0)  (2, 0, 0) model with zero mean was chosen for traffic 
accidents, while the ARIMA (1, 0, 1)  (2, 0, 0) model with 
zero mean was selected for non‑traffic accidents as the best 
fit. Subsequently, the appropriateness of the final model 
was confirmed through residual plots for both models, 
demonstrating the independence and normal distribution of 
the residuals [Figure 3].

In the final stage, predictions of mortality cases from 
traffic and non‑traffic accidents were generated based on 
the final models. According to the forecasts, traffic‑related 
fatalities were anticipated to increase in the early months 
of the year and subsequently decrease, although the overall 
number was projected to be lower than in previous years. 
Non‑traffic accidents were generally expected to be less 
frequent than traffic‑related incidents, and the number of 
cases was predicted to decline.

Discussion
Based on the results of this study, over 80% of traffic‑related 
mortalities and approximately 70% of non‑traffic accidents 
involved men. Across all age groups in the study, the 
mortality rate was the highest in the 11–30 age group. 
Traffic‑related fatalities were most frequent among 
individuals aged 31–50, whereas non‑traffic deaths were 

Figure 1: Distribution of mortality due to traffic and non‑traffic accidents based on the place of death

Figure 2: Decomposition of time series mortality due to traffic and non-traffic accidents in West Azerbaijan province, Iran, 2013–2022. A*: Observed data; 
B**: Trend component; C***: Seasonal change component; D****: Random change
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more common in the 11–30 age group. In a recent national 
study, Moradi et  al.[15,16]  reported that 77.3% of fatal road 
traffic injuries in Iran occurred among men, which is 
consistent with previous findings in regional studies. 
Similarly, in a study by Shokoohi et  al.,[17] over  50% of 
traffic accident deaths occurred among individuals aged 
21–50, and 78% of the victims were men. Akbari et  al.[18] 
demonstrated that the likelihood of death from falls was 
three times greater in men compared to women, with the 
average age of the victims being 40  years. The observed 
gender disparities in fatal accidents emphasize the complex 
interaction of biological, social, and behavioral factors 
influencing risk exposure and vulnerability. Men may 
exhibit higher levels of risky behaviors such as speeding, 
driving under the influence of alcohol or drugs, and not 
wearing seat belts, which makes them more susceptible to 
traffic‑related mortalities. Furthermore, men, particularly 
those at younger ages, were more likely to be employed 
in high‑risk occupations, such as construction, mining, and 
manufacturing, where accidents are more prevalent.[19]

Most deaths from  both traffic and non‑traffic accidents 
occurred in urban areas, however, this difference was less 
pronounced for non‑traffic accidents. Mortality in both 
types of accidents was more common in public spaces 
and on roads than in homes or hospitals. In non‑traffic 
accidents, deaths were nearly equal between hospitals 
and homes, whereas in traffic accidents, home fatalities 
were much less frequent. According to a recent national 
registry‑based study, most deaths from both traffic and 
non‑traffic accidents in Iran continue to occur in urban 
areas, and in both groups, fatalities are more frequent in 
public spaces and on the roads compared to homes or 
hospitals. These findings are now confirmed with national 
data up to 2022.[20] Several recent studies have examined 
the epidemiological features of fatal road traffic injuries 
across various provinces of Iran, highlighting both regional 

patterns and the impact of intervention strategies.[15,21] In 
the study by Shokouhi et  al.,[17] nearly half of the victims 
died at the accident scene  (48.39%), with 41.14% dying 
in hospitals, 8.08% during transportation, and only 1.81% 
at home. The higher rate of mortality in both traffic and 
non‑traffic accidents in urban areas underscores the 
hazardous environment associated with densely populated 
city centers. Factors such as high population density, 
heavy traffic, infrastructure limitations, and crowded 
households may contribute to elevated accident rates, 
thereby increasing the risk of mortality for both residents 
and travelers.[22] While urban areas experience the highest 
mortality rates from accidents, the difference between urban 
and rural environments is less pronounced in non‑traffic 
accidents. This observation suggests that, although 
urbanization generally increases the risk of accidents, 
non‑traffic accidents are influenced by a broader range of 
factors beyond urban density. In rural areas, agricultural 
and livestock‑related work, combined with less adherence 
to safety protocols, may contribute to reducing the disparity 
between traffic and non‑traffic accidents.[23] The elevated 
mortality rates on roads and in public spaces underscore 
the crucial role of infrastructure and the necessity for urban 
planning interventions aimed at safety promotion and risk 
prevention in public areas.

Non‑traffic  fatalities occur with similar frequency in 
hospitals and homes, whereas traffic accident mortalities 
are less common at home. This disparity may reflect 
differences in immediate response and medical care 
availability following accidents, as well as the severity and 
rapid onset of traffic‑related injuries, which often result in 
high on‑site mortality. In contrast, non‑traffic accidents may 
involve lower‑impact injuries or slower injury progression, 
allowing for greater survival until hospital care can be 
reached.[17] The analysis of long‑term trends in traffic and 
non‑traffic accidents revealed that both types exhibited an 

Figure 3: ACF and PACF chart of mortality cases from traffic and non-traffic accidents in West Azerbaijan Province. *: Autocorrelation Functio; **: Partial 
Autocorrelation Function
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increasing trend at the beginning of the study, followed 
by a decline from 2019, coinciding with the peak of the 
COVID‑19 pandemic. The decrease in traffic accidents 
during this period was particularly significant. Studies by 
Adiningsih et al. and Oguzoglu et al. further supported these 
findings.[24,25] A substantial reduction in traffic accidents was 
also noted during the pandemic. However, from mid‑2020, 
the number of mortalities sharply increased again. Globally, 
2021 marked the second consecutive year of rising motor 
vehicle mortalities, with an 8.30% increase in 2021 and 
an 11% rise in 2020. This trend reflects the complex 
interplay of factors affecting accident‑related mortalities 
over time. Notably, the reduction during the global 
COVID‑19 pandemic aligns with broader global trends, 
reflecting decreased vehicle traffic due to lockdowns, travel 
restrictions, and remote work arrangements. The downward 
trend in non‑traffic accidents may also be attributed to 
heightened awareness of health and safety issues during 
the pandemic. However, several factors likely contributed 
to the sharp rise in mortalities after mid‑2020, including 
the easing of lockdown restrictions, the resumption of 
economic activities, and changes in travel and recreational 
behaviors as people adapted to the “new normal”.

The Pent‑up demand for travel and increased mobility 
following periods of confinement may have led to riskier 
behaviors, resulting in a spike in both traffic and non‑traffic 
accident mortalities. The final predictive model suggested 
a decline in mortality in the future compared to previous 
years which is supported by the findings of Khalaj et al.[26] 
In predicting the number of traffic accident emergencies, 
the ARIMA  (0, 1, 3)  (0, 1, 1) 12 model was selected as 
the best fit, providing a stable forecast for future incidents. 
Given the wide range of factors influencing traffic and 
non‑traffic accidents and their fatal outcomes, the existence 
of different models to predict future trends is unsurprising.

The generalizability of the study’s findings should be 
considered in light of the specific context of West Azerbaijan 
province. As a border and transit province, it has a lower 
density of highways compared to more affluent provinces. 
The  generalizability of the present findings is limited by 
the unique regional characteristics of West Azerbaijan 
province, as a border and transit area with lower highway 
density compared to more affluent provinces. Importantly, 
this study relied solely on data from the Health Department; 
incorporating information from traffic police could have 
enhanced data completeness and allowed for direct 
comparison. The absence of integrated data from the 
Highway Patrol and detailed information about individual 
accident cases limited the study’s ability to differentiate 
mortality patterns across specific subtypes of traffic 
and non‑traffic accidents  (such as falls and drownings). 
Therefore, despite the predictive value of the time‑series 
analysis, interpretation of future trends should be approached 
with caution, and ongoing improvements in registration and 
accident surveillance systems are strongly recommended.

Conclusion
Mortality from both traffic and non‑traffic accidents was 
significantly higher among men and within younger age 
groups. However, the average age at death was lower 
for non‑traffic accidents compared to traffic accidents. 
Furthermore, unlike traffic accidents, fatalities from non‑traffic 
accidents occurred more frequently in rural areas. Predictive 
modeling using time‑series analysis can assist planners and 
policymakers in taking timely and informed actions for the 
prevention and control of such accidents. Ultimately, it is 
recommended that future studies focus on examining the 
various types of traffic and non‑traffic accidents that result in 
mortality, as well as the associated risk factors.
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