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Original Article

Objectives: We aimed to estimate the space-time distribution of the risk of suicide mortality in Iran from 2006 to 2016. 

Methods: In this repeated cross-sectional study, the age-standardized risk of suicide mortality from 2006 to 2016 was determined. To 

estimate the cumulative and temporal risk, the Besag, York, and Mollié and Bernardinelli models were used.

Results: The relative risk of suicide mortality was greater than 1 in 43.0% of Iran’s provinces (posterior probability >0.8; range, 0.46 to 

3.93). The spatio-temporal model indicated a high risk of suicide in 36.7% of Iran’s provinces. In addition, significant upward temporal 

trends in suicide risk were observed in the provinces of Tehran, Fars, Kermanshah, and Gilan. A significantly decreasing pattern of risk 

was observed for men (β, -0.013; 95% credible interval [CrI], -0.010 to -0.007), and a stable pattern of risk was observed for women (β, 

-0.001; 95% CrI, -0.010 to 0.007). A decreasing pattern of suicide risk was observed for those aged 15-29 years (β, -0.006; 95% CrI, 

-0.010 to -0.0001) and 30-49 years (β, -0.001; 95% CrI, -0.018 to -0.002). The risk was stable for those aged >50 years.

Conclusions: The highest risk of suicide mortality was observed in Iran’s northwestern provinces and among Kurdish women. Although 

a low risk of suicide mortality was observed in the provinces of Tehran, Fars, and Gilan, the risk in these provinces is increasing rapidly 

compared to other regions.

Key words: Suicide mortality, Longitudinal, Trend, Spatial analysis, Self-injurious behavior

Received: July 8, 2021 Accepted: November 16, 2021
Corresponding author: Shahram Arsang-Jang
Department of Epidemiology and Biostatistics, Faculty of Medicine, 
Qom University of Medical Sciences, Shahid Lavasani Street,  
Qom 37100, Iran
E-mail: shahramarsang@gmail.com

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

pISSN 1975-8375 eISSN 2233-4521 

INTRODUCTION

Suicide mortality is a major public health issue, and approxi-
mately 800 000 suicide deaths are recorded every year. The 
global suicide rate was estimated to be 10.6 deaths per 100 000 
population in 2016, with 77% of suicides occurring in low-in-
come and middle-income countries [1]. Different patterns of 
suicide have been observed in various parts of the world [2].

In addition to psychological factors and socio-demographic 
characteristics [3], spatial [4] and temporal differences [5,6]  
also play an important role in the occurrence of suicidal phe-
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nomena. Suicide rates do not only differ by country [7]. Evi-
dence has also suggested that the suicide rate varies across 
geographic regions and based on the spatial environment 
within a country, such as urban and rural areas and different 
states or provinces [8]. In addition, some evidence indicates a 
positive relationship between suicide and changes in the re-
gional climate [9].

The results of a study conducted by the Forensic Medicine 
Research Center found that the suicide rate in Iran was around 
5 deaths per 100 000 population nationwide, and although the 
rate was lower than the majority of other countries worldwide, 
especially Western nations, it is still considered high relative to 
other Middle Eastern countries [1]. The particular conditions 
related to the suicide rate at the province level within a coun-
try vary, and some provinces face critical conditions that lead 
to increases in the rate of suicide. Moreover, trends in the sui-
cide rates of different provinces have fluctuated over the past 
10 years [10]. A study of data from Ilam Province used spatial-
temporal analysis to examine the incidence of suicide attempts 
in its cities to identify regional differences in suicide rates [11]. 

Therefore, it is important to study the suicide rate in Iran from 
a spatial and temporal perspective. Identifying the provinces 
with upward trends in the suicide rate will enable studies in-
vestigating causality in these areas in the future. In addition, 
the study results will significantly help to determine spatio-tem-
poral discrepancies in the suicide rate of Iran and improve our 
understanding of the success of large-scale health policies to 
address this issue and direct attention to the provinces with 
the most need. Analysis of the existing data by credible orga-
nizations regionally and overall can effectively increase our 
knowledge of the epidemiology of suicide and effective health 
planning to reduce the burden of suicide on the health systems 
in Iran’s provinces. In addition, such an analysis can provide 
valuable information about the possible geographic patterns 
of suicide death in Iran.

Given the significance and sensitivity of suicide-related phe-
nomena, as well as temporal and spatial changes in suicide 
rates, the present study was developed with the objective of 
analyzing the epidemiology of suicide deaths, comparing the 
incidence rate by age and gender across all of Iran’s provinces 
from 2006 to 2016. We aimed to map the suicide mortality rate 
locally and temporally and identify high-risk regions using Bayes-
ian statistical methods.

METHODS

This repeated cross-sectional study was conducted from 2006 
to 2016 using data on suicide mortality from the Legal Medi-
cine Organization of Iran. Suicide mortality data were extracted 
according to the International Statistical Classification of Dis-
eases and Related Health Problems classification system. The 
national database was compiled based on mandatory notifica-
tions from regional Legal Medicine Organization of Iran facili-
ties across all 31 provinces, with annual data being aggregated 
from each district. All confirmed instances of suicide mortality 
among individuals of both genders aged 15 years or older were 
included. Suicide mortality was examined using a nationally 
representative sample at the regional level as well by area of 
residence (urban or rural). 

We used the Iran Statistical Center database to extract infor-
mation about population size, including the total population 
and the population in each province by gender and year.

The World Health Organization (WHO) standard population 
was used to estimate the population for each age group. The 
number of suicide deaths was used as the outcome variable. 
Confirmed suicide deaths among those aged 15 years or older 
of both genders were included. The age-standardized mortali-
ty rate based on the WHO standard population was used to 
identify risk of suicide mortality hotspots.

We estimated relative risk (RR) to measure the risk of suicide 
mortality. In the hierarchical model for estimating the RR, we 
included the random intercept and logarithm of the expected 
number of suicide deaths in each province as an offset. 

If yit indicates the recorded number of suicide deaths in it 
province during year t, then, considering the population at risk 
(Rit) and rate of suicide at year t (rt), the corresponding age-/
gender-specific expected suicide mortality rate (Eit) is given by; 

The standardized ratio of yit to  is the maximum likelihood 
estimator for the area-specific RR. To estimate the cumulative 
risk, the Besag, York, and Mollié (BYM) model was used to ex-
amine 11-year aggregate data. To model the suicide risk ac-
cording to the prior distribution of suicide deaths in neighbor-
ing regions as well as temporal factors, the Bernardinelli mod-
el (1995) was used. The observed number of suicide deaths 
was modeled using conditionally-independent Poisson ran-
dom variables in a generalized linear model using the log link 
function. 
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To estimate the RR ( ) by province (i), a combination of spa-
tial components (intrinsic conditional auto-regressive [CAR] ) 
and random effects components for non-spatial heterogene-
ity ( ) was used in the BYM model:

The overall nationwide RR indicated the suicide mortality 
rate across the country, with the exponential of intercept (α). 
For each region, the RR showed either an increase or decrease 
in suicide mortality compared to the nationwide suicide mor-
tality rate. If the 95% credible interval (CrI) of the RR did not 
include 1, there was considered to be strong statistical evi-
dence for the significance of the RR. 

In the Bernardinelli model, we examined the hypothesis 
that there would be a stable trend in suicide mortality over 
time using the temporal trend (TT), which included both the 
overall time trend and the area-specific time trend. A positive 
value for the slope of a province’s trend was considered to in-
dicate a more rapid increase in suicide mortality compared to 
the overall trend.

The logarithm to determine the RR was as follows:

with α indicating the intercept,  and  indicating the ran-
dom effects of areas, β indicating the overall linear trend ef-
fect, and  indicating the possible interaction between area 
and time. The observed and expected number of suicides in 
each region were included in the Poisson model in addition to 
the correlated and non-correlated inhomogeneity indices for 
each region. , , and  were included in the model to mea-
sure the temporal effect, correlated inhomogeneity, and non-
correlated inhomogeneity in each region, respectively. We con-
sidered a CAR distribution for non-correlated inhomogeneity. 
In addition, the effect for each region had a normal distribu-
tion with harmonic means on the neighboring regions. 

To analyze the space-time interaction for detecting possi-
ble temporal patterns, posterior probability (PP) was used, 
with values closer to 1 indicating a more unstable temporal 
pattern [12]. 

We defined the prior gamma distribution for the total vari-
ance of the model. We used the reverse distribution of gamma 
(0.0005) and alpha (0.5) with a normally distributed mean and 
CAR-normal distribution considering a prior distribution with 
a mean of 0. Bayesian post probability was also used to calcu-
late the p-values, which were used to compare the RRs with 1 

as well as to determine the significance of the RR. The Markov-
chain Monte Carlo method was applied for data fitting. The 
RR, TT, and differential trend (DT) were estimated based on the 
model. To determine the performance of the model, Golman-
Roubin diagrams were used while the deviance information 
criterion was used for comparing the models and selecting the 
final model. Sensitivity analyses was performed to compare 
the consistency of main model estimates with the results of 
the restricted model. Also to select the optimal hyper-priors 
and hyper-parameters for the model.

OpenBUGS was used to conduct the statistical analyses, and 
the results were plotted in ArcGIS. 

Ethics Statement 
The study protocol was reviewed and approved by the Qom 

University of Medical Sciences (No. IR.MUQ.REC.1396.39). In 
addition, the aggregate data was used with no individual iden-
tifiers.

RESULTS

Overall Suicide Rate
According to the results of the BYM model, which was based 

on aggregate data, the RR of suicide was greater than 1 in ap-
proximately 43% of Iran’s provinces (PP>0.8), with their RRs 
varying from 0.46 to 3.93. 

The results of the spatio-temporal model indicated that the 
suicide risk was significantly greater than 1 in 11 provinces 
(36.7%) (Figure 1A). In addition, significantly upward TTs in the 
suicide risk were observed in the provinces of Tehran (P28), 
Fars (P7), Kermanshah (P15), and Gilan (P9). The trend of the 
suicide risk was stable in 15 (50.0%) provinces (Figure 1B). 

The DT results were similar to the results of the analysis of 
TTs. The estimated DT and corresponding Bayesian PP values 
suggested that the trends in the suicide risk in the provinces of 
Tehran (P28), Fars (P7), Kermanshah (P15), and Gilan (P9) were 
significantly steeper than the nationwide trend (Supplemental 
Material 1). 

Suicide Risk by Gender
Not accounting for TTs, the cumulative incidence rate of sui-

cide in Iran was 6.75 deaths per 100 000 population for men 
2.88 deaths per 100 000 population for women from 2006 to 
2016. According to the results of the BYM model, the cumula-
tive RRs were significantly greater than 1 in 10 provinces (33.3%) 
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Figure 2. Posterior relative risk (RR) of suicide by gender and province in Iran. Crl, credible interval.
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Figure 1. Posterior RR (A) and TT (B) of the suicide incidence rate in Iran over 10 years. The provinces were classified into 3 cat-
egories based on posterior probability values (p-values). RR, relative risk; TT, temporal trend. 
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for women, and the RR was highest in Ilam (P13; RR, 5.92) fol-
lowed by Kermanshah (P15; RR, 4.26), Lorestan (P22; RR, 3.65) 
and Kohkiluyeh-Buyerahmad (P20; RR, 2.03). The cumulative 
RRs were significantly greater than 1 in 11 provinces (36.4%) 
for mens, and the RR was highest in Kermanshah (P15; RR, 3.25) 
followed by Ilam (P13; RR, 2.98), Hamadan (P11; RR, 2.17), and 
Lorestan (P22; RR, 2.00) over the 10-year study period (Supple-
mental Material 1). 

Figure 2 shows the RRs derived from the spatio-temporal 
model according to gender and province. Although the results 
show a significantly decreasing pattern of risk among men (β, 
0.013; 95% CrI, -0.010 to -0.007), a stable pattern of risk was ob-
served among women (β, -0.001; 95% CrI, -0.010 to 0.007). 

For men, the trend of the suicide risk in the provinces of Ker-
manshah (P15), Fars (P7), Kurdistan (P21), Tehran (P28), and 
Gilan (P9) was significantly steeper than the nationwide trend. 
For women, the trend of the suicide risk in the provinces of Teh-
ran (P28), Fars (P7), Gilan (P9), and Qom (25) was significantly 
steeper than the nationwide trend (Supplemental Material 1).

According to the results of our analysis of TTs, an upward 
trend in the suicide risk was observed in 5 provinces (16.7%) 
for men and 4 provinces (13.3%) for women from 2006 to 2016 
(Figure 3).

Suicide Risk by Age
The 10-year cumulative incidence rates of suicide were 9.96, 

5.62, 2.96, and 2.84 deaths per 100 000 population among those 
aged 15-29 years, 30-49 years, 50-69 years, and >70 years, re-

spectively. According to the BYM model, the nationwide risk of 
suicide was significantly lower than 1 for those aged 30 years or 
older, but it was equal to 1 for those aged 15-29. Furthermore, 
for individuals aged 15-29, 12 provinces (40.0%) had an RR of 
greater than 1, 5 (16.7%) had an RR equal to 1, and 16 (53.3%) 
had an RR of less than 1. In addition, 9 (30.0%), 8 (26.7%), and 
9 (30.0%) provinces had RRs that were significantly greater 
than 1 for those aged 30-49 years, 50-69 years, and >70 years, 
respectively. Among all of the age groups, the highest suicide 
risk was observed in the provinces of Ilam (P13) and Kerman-
shah (P15).

According to the spatio-temporal model, a decreasing pat-
tern of suicide risk was observed for those aged 15-29 (β, 
-0.006; 95% CrI, -0.010 to -0.0001) and 30-49 (β, -0.001; 95% 
CrI, -0.018 to -0.002); nonetheless, the trend was stable for in-
dividuals aged >50 years.

Figure 4 shows the RR of suicide by age and province. For all 
age groups, the highest risk of suicide was observed in Iran’s 
northwestern provinces. Furthermore, upward trends in the 
suicide risk were observed in the provinces of Fars (P7), Tehran 
(P28), Hormozgan (P12), Bushehr (P4), and Kermanshah (P15) 
for individuals aged 15-29 years. Upward trends were also ob-
served in the provinces of Kermanshah (P15) and Fars (P7) for 
individuals aged 30-49 years. Lastly, upward trends in the sui-
cide risk were observed in the provinces of Kermanshah (P15) 
and Gilan (P9) for individuals aged 50-69 years and >70 years. 
Moreover, for all age groups, an RR of greater than 1 and an 
upward trend in the suicide risk were observed for the province 

Figure 3. Temporal trend (TT) of the suicide incidence rate among men (A) and women (B) in Iran over 10 years. 
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of Kermanshah (P15). The results of the spatio-temporal analy-
sis by province and age are shown in detail in Supplemental 
Material 1. 

The sensitivity analysis indicated that our main model was 
consistent with the results of the restricted model used in the 
sensitivity analysis, which was conducted to determine the ro-
bustness of the chosen parameters of the model. 

DISCUSSION 

This is the first epidemiological study on the distribution of 
the suicide risk in Iran over time at the province level. The re-
sults of the present study indicate that the RR of suicide was 
greater than 1 in 43.0% of Iran’s provinces (PP>0.8) and varied 
from 0.46 to 3.93. In addition, the results of the spatio-tempo-
ral model indicated that the RR of suicide was greater than 1 
in 36.7% of provinces, with significant upward TTs observed in 

Tehran, Fars, Kermanshah, and Gilan; however, the trend was 
stable for 50.0% of Iran’s provinces. Additionally, the results re-
lated to DTs were similar to the results related to TTs. A study 
by Saberi-Zafaghandi et al. [8] found that the trend in the sui-
cide rate (attempted and successful) increased from 8.3 suicides 
per 100 000 population in 2001 to 19.4 suicides per 100 000 
population in 2005, later declining to 16.3 suicides per 100 000 
population in March 2007. The researchers hypothesized that 
the increase in the suicide rate from 2001 to 2005 was caused 
by improvements in the system for tracking suicides beginning 
in 2001, and the decrease in the suicide rate from 2005 to 2007 
was attributed to the implementation of suicide prevention 
programs. Studies from other countries have not shown a uni-
form trend in the incidence of suicide over the last two decades, 
and some believe the global suicide rate has decreased in re-
cent years while other studies have shown an increase in the 
global suicide rate [9-11]. Possible reasons for general increases 

Figure 4. Posterior relative risk (RR) of suicide among individuals aged 15-29 years (A), 30-49 years (B), 50-69 years (C), and ≥70 
years (D) in Iran over 10 years. 
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in the rate of suicide may be related to changes in self-esteem 
[13], improvements in the system for tracking the number of 
suicides, the increased prevalence of drug abuse, trends in un-
employment, depression, and political issues such as sanctions, 
economic turmoil, and high inflation [14,15]. 

Additionally, the present study showed that, without account-
ing for TTs, the cumulative incidence of suicide for men and 
women was 6.75 and 2.88 suicides per 100 000 population, re-
spectively, from 2006 to 2016. According to the results of the 
BYM model, the cumulative RRs were significantly greater than 
1 in 33.3% of Iran’s provinces for women, with the highest RR 
observed in Ilam (RR, 5.92) followed by Kermanshah (RR, 4.26), 
Lorestan (RR, 3.65), and Kohkiluyeh-Buyerahmad (RR, 2.03). 

Likewise, the RRs were significantly greater than 1 in 11 
(36.4%) of Iran’s provinces for men, with the highest RRs ob-
served in Kermanshah (RR, 3.25), Ilam (RR, 2.98), Hamadan (RR, 
2.17), and Lorestan (RR, 2.00) during the 10-year study period. 
In addition, the spatio-temporal model by gender and prov-
ince showed a significantly decreasing pattern of risk for men 
and a stable pattern of risk for women. Our findings indicated 
a higher risk of suicide among men than among women, which 
is consistent with the findings of other studies in the same re-
gions [16-18]. There is high variability in the risk factors for sui-
cide in Iran due to regional-level variation in socioeconomic 
factors, culture, beliefs, family conflict, and cognitive behaviors 
[14,19]. The province with the lowest reported level of eco-
nomic prosperity was Ilam, and the highest prevalence of fam-
ily conflict and depression was observed in Fars and Gilan. To 
explain the discrepancy in the suicide rate between the gen-
ders, men may tend to have a higher degree of determination 
than women concerning their intention to commit suicide and 
use methods with high lethality [20]. In addition, in most coun-
tries, men are the head of the family and may face more envi-
ronmental, social, and economic pressures than women. Two 
studies from Iran by Kiadaliri et al. [19] and Amiri et al. [21] 
found a ratio of successful suicide of 2.27 among men compared 
to 2.34 among women. Other studies have suggested that 
various risk factors for suicide in men and women are among 
the reasons for this discrepancy. For example, family disputes, 
chronic illnesses, disabilities, and mental disorders may dispro-
portionately affect men, while family disputes, spousal abuse, 
mental disorders, and frustration, discouragement, and failure 
in romantic relationships may play a more influential role in 
suicide among women [22]. Generally, given the more rapidly 
rising trend in deaths from suicide among men than among 

women, it is expected that the discrepancy in suicide deaths 
between men and women will increase in the future [23,24]. 
Therefore, preventive and educational care measures for men 
should be prioritized and implemented.

According to the BYM model, the nationwide suicide risk was 
significantly lower than 1 for those older than 30 years of age; 
however, for those aged 15 to 29, the risk was equal to 1. Fur-
thermore, those aged 15 to 29 had RRs that were greater than 
1 in 12 provinces, equal to 1 in 5 provinces, and less than 1 in 
16 provinces. Additionally, according to the spatio-temporal 
model, a decreasing pattern of suicide risk was observed for 
those aged 15-29 years and 30-49 years; however, the trend 
was stable for those aged >50 years. These results are consis-
tent with the results of other studies in this field [2,25-27]. A 
study by Poorolajal et al. [28] found that most suicides were 
undertaken by individuals younger than 39 years of age and 
that the incidence of suicide increased with age. A study by 
Alvaro-Meca et al. [27] found that the suicide mortality rate in 
Spain was higher for women aged 35-49 years from 1981 to 
2008 compared to other age groups. Another study from Esto-
nia found that the highest suicide rate by age was 15-29 years 
for Asian men and women and 45-59 years old for European 
men [2]. A study by Rostami et al. [29] reported that the high-
est number of suicides in Iran were undertaken by individuals 
aged 20-39 in the province of Kermanshah (Iran). According to 
several other reports, the age group with the highest rate of 
attempted suicide and among whom 80% of attempted sui-
cides are undertaken are those aged 15-35 years old, particu-
larly teens and adolescents [30,31]. People in these age 
groups, especially men, are often responsible for providing liv-
ing expenses for their families. They also tend to face a higher 
quantity of other stressors in general, such as marriage, em-
ployment, economic hardship, and environmental exposures, 
than other age groups. Additionally, mental disorders such as 
depression, schizophrenia, and addiction or substance abuse 
are more common among this demographic [15,32]. There-
fore, the needs of these groups should be especially consid-
ered when designing and implementing suicide prevention 
interventions.

This study has several limitations. Since this is an ecological 
study, it was vulnerable to the ecological fallacy. Therefore, de-
terminants of suicide mortality at the national level may not 
necessarily correlate to determinants at the individual level. In 
addition, in order to avoid any problematic interpretations or 
causal inferences, additional studies at the individual level are 
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required.
We did not include socio-demographic data in our models 

due to a lack of sufficient information in several of Iran’s prov-
inces. The major strength of this study is that it used longitudi-
nal national databases and statistical methods to accurately 
estimate the suicide risk in Iran. 

Our study specifically identified regional hotspots and trends 
in the risk of suicide across Iran’s provinces. The suicide risk dif-
fered according to age, gender, and province. It is crucial to al-
locate resources to address this problem and prevent further 
depletion of global healthcare resources. Despite the relatively 
low risk of suicide in the provinces of Tehran, Fars, and Gilan, 
the rate is increasing rapidly in these provinces compared to 
other regions. Improving social support by implementing ef-
fective plans to manage the factors associated with suicide 
among Kurdish women and those living in Iran’s northwestern 
provinces can reduce the number of suicide deaths in Iran. 
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