
Background
Suicide is a multifactorial public health concern that 
involves a complex interaction among different risk 
factors.1,2 There are several theories of suicide ranging 
from biological and psychodynamic theories to cognitive, 
interpersonal, and social-ecological ones. Examples of 
the societal kind can be found in a study by Durkheim,3 
with respect to the community in a study performed 
by Castro and Kintzle,4 and considering interpersonal-
psychological theory in a study carried out by Joiner and 
Van-Orden et al,5,6 while Schneidman,7 as well as Cramer 
and Kapusta, focused on the individual level and socio-
ecological perceptions, respectively. Durkheim defined 
suicide as “a term applied to all cases of death resulting 
directly or indirectly from a positive or negative act of 
the victim himself, which s/he knows will produce this 
result”. He also conceptualized suicide as a reaction to the 
intersection of social integration (the clustering of people 
in social and cultural groups) and regulation (the extent of 
rituals and customs being influenced by societal norms). 

Although individual-level characteristics and attitudes, as 
well as mental health problems, are important as primary 
predictors of suicide risk, societal and community factors, 
as well as sub-population variation, may also have a 
direct influence or a moderating role on suicide risk. A 
full review of all suicide risk theories is beyond the scope 
of this study; accordingly, it focused on Durkheim and 
socio-ecological theories to identify the risk of fatal suicide 
across the provinces in Iran.

In 2016, suicide was the second most common cause of 
death in the 15-29-year age group globally.1 The global age-
standardized rate of years of life lost (YLL) from suicide 
was estimated at 2.2% of the total YLL globally.1 Suicide 
mortality rates vary widely by country and region1,2 and 
according to the Global Burden of Disease, suicide deaths 
have increased by 100% in the countries of the Eastern 
Mediterranean Region between 1990 and 2015.8 In Iran, 
the deaths by suicide showed an increasing trend over 
the past three decades.9 A recent national study estimated 
the mean Iranian suicide mortality rate to be about 5 
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Abstract

Background: The suicide incident has had an increasing trend in Iran over the past years. This study mainly 
aimed to investigate and visualize the spatial variations of registered suicide cases at the province level. A 
two-step modeling approach was employed in order to estimate the relative risks (RRs) and model the age 
of fatal suicide across provinces in Iran. 
Study design: An applied ecological study.
Methods: This study used the suicide death data recorded by the Iranian forensic medicine organization 
from March 21, 2016, to March 20, 2018. Furthermore, a Bayesian spatial approach - Besag, York, and 
Mollie (BYM) model- was applied to estimate the RR of suicide across provinces in Iran.
Results: This risk was found to be significantly higher than the average in both men and women in the 
west of Iran. For women, higher population density (mean: 0.003; 95% CrI: 0.001-0.005) and lower 
urbanization rate of provinces (mean: -0.025; 95% CrI: -0.038, -0.012) were associated with increased RR 
of suicide. Based on the log-normal model fitted to the data, the overall mean age of the fatal suicide at 
the national level was 34 years.
Conclusions: The magnitude of gender and age differences was quantified, and many spatial variations 
were identified in suicide mortality across provinces in Iran. Given the heterogeneity in suicide mortality 
risk among different subgroups of age and gender, our findings point to the urgent need in developing 
gender- and age-specific suicide prevention strategies. Moreover, efficient allocation of healthcare 
resources for suicide prevention can be attained by targeting provinces with higher risk.
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per 100 000 population in 2015.10 Geographical studies 
of suicide in the regions of Iran have been conducted; 
however, the spatial pattern in the whole country has 
not been fully investigated. Spatial analysis of suicide 
enables us to identify areas with greater risk of suicide and 
explore the potential link between area-level contextual 
factors and suicide risk.11-13 Furthermore, it visualizes the 
potential disparities within designated geographical areas. 
The Besag, York, and Mollie (BYM) model (the most 
commonly used Bayesian spatial model) can be used for 
computing suicide relative risk (RR).11-13 Spatial analysis 
of suicide mortality at regional and national levels enables 
policy-makers to identify geographic outcome disparity 
and design tailored interventions to reduce suicide risk.11-

13 However, there is a lack of research on spatial analyses 
of suicide risk across the Iranian provinces. 

This study aimed at visualizing the suicide risk across all 
provinces over the country from 2016 to 2018 to identify 
geographical variations of the suicide risk pattern using 
a generalized linear mixed model Bayesian approach 
with random effects that incorporates spatial dependence 
among neighbouring provinces. A two-step modeling 
approach was employed in order to estimate the RRs and 
model the age of fatal suicide across provinces in Iran. 

Materials and Methods
Data collection and registry
In Iran, the diagnosis and official registration of deaths 
are carried out by two main independent organizations 
of medical universities operating under the Ministry of 
Health and Medical Education, and the Forensic Medicine 
Organization (FMO) operating under the supervision of the 
Judiciary system of Iran.14 In accordance with Iranian laws, 
deaths by suicide, like all sudden or unexpected deaths, are 
reported to the Iranian FMO for forensic investigation.14 
When a case is examined by forensic physicians and 
pathologists, the exact cause of death is determined and a 
death certificate is issued. If the test results reveal death by 
suicide (not related to crime), the case will be recorded in 
the suicide registry dataset by provincial branches of the 
FMO.14,15 Therefore, it is acceptable to consider suicide 
cases registered by the FMO as the most valid registered 
data source for fatal suicide in Iran.10,14,15 Province-specific 
population data were extracted from the 2016 national 
census of population and housing data reported by Iran’s 
Statistical Centre. In this study, age, gender, and place of 
death of suicide cases were extracted from the registered 
data by the FMO suicide registry database between March 
21, 2016, and March 20, 2018. This period was chosen for 
the study because the suicide mortality data were available 
to the authors only for this period at the time the study 
was conducted. A descriptive analysis of these data has 
been reported elsewhere.15

Provincial counts and ages of people who committed 
suicide
A spatially structured model was first used for the 

provincial counts (N) to investigate the gender-specific 
risk of suicide among different provinces. Afterward, the 
study was developed to investigate the combined effect of 
gender and province on the age of people who committed 
suicide as follows:

Let Nij be the number of suicide cases with gender 
i  =  1, 2 (where 1 and 2 stand for female and male, 
respectively) in province j  =  1, . . . 31 and Yijk is the age 
of suicide case k  =  1, . . . Nij with gender i in province 
j during the study period. Moreover, let [N, Y] denote 
the joint distribution of ( )N : 1,2; 1, 31ijN i j= = = …  and 
the individual ages of people who committed suicide 

( )Y : 1,2; 1, 31; 1,ijk ijY i j k N= = = … = …
;

[N] and [Y|N] represent the marginal distribution of N 
and the conditional distribution of Y given N, respectively. 
Following that, [N,Y]  =  [N][Y|N].
It is assumed that

2 31
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which is equivalent to assuming that given the number 

of suicide cases for each gender in each province, the age 
of suicide cases is independent. Therefore, to model [N, 
Y], it suffices to model [N] and [Yijk|Nijk] separately.

A negative binomial model for the provincial counts
It is assumed that given θ  =  (θij:i  =  1,2; j  =  1, …,31),

[ ]
2 31

1 1

N| ij ij
i j

Nθ θ
= =

 =  ∏∏
and [Nij|θij] is a negative binomial distribution with the 

mean ( )ij ij ijN E θ=  and variance 

( )ar 1 ,ij
ij ij ij

i

N E
θ

ν θ
α

 
= + 

 
where Eij is the expected number of suicide cases with 

gender i in province j under the null model of spatial 
homogeneity of suicide risk, θij signifies the RR of suicide 
for gender i in province j, and αi > 0 denotes the dispersion 
parameter. If αi → ∞, then                                     as for the Poisson 
distribution with no dispersion, while smaller values of αi 
allow for larger over-dispersion.16 The expected number 
of Eij is estimated by
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where Pij is the population of gender i in province j with an 
age greater than 10 years according to the 2016 National 
Population and Housing Census of Iran.17

BYM model for the spatial heterogeneity of the RRs
The RRs θij’s are of great interest in spatial epidemiology 
because they identify provinces with elevated (θij>1) or 
lower (θij<1) risk, compared to the whole country.18 In 
spatial epidemiology, the strength of the associations is 

( )ar ij ijN Nν  =  
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generally estimated quantitatively by using RRs in order 
to identify the low- and high-risk areas. In general, if 
the province-specific RR is 1 (or close to 1), it indicates 
no association and no difference (or little difference) in 
suicide risk. A province-specific RR>1 indicates a higher 
risk in the selected province, compared to the country 
risk. A province-specific RR<1 indicates a lower risk in 
the selected province, compared to the country risk.11,18,19

The log-linear model was considered to account for 
( ) ( ) ( ) ( )( )0 1 2 3 4exp pd ue hs uri i i i

ij j j j j ijθ β β β β β η= + + + + +  

spatial variability. For θ, where β0 is the intercept, pd 
denotes the population density, ue signifies the 
unemployment rate, hs is the average household size, and 
ur represents the urbanization rate of province j. They 
were used as provincial covariates with their corresponding 
gender-specific regression coefficients ( ) ( )

1 4, , i iβ β… . Here, 
ηij’s were zero-mean Gaussian spatial random effects with 
assuming independence between genders implying 

( ), 0,   ij i jov i iη η ′ ′ = ≠ ′ . A scaled version of the popular 
BYM model20 for spatial correlation among provinces 
results in:
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where Q Q− − =  'jj  is the generalized inverse of the 
matrix Q  =  [Qjj’] with Qjj’  =  0 if provinces j and j’ are not 
neighbours.21 Therefore, τBYM > 0 is the marginal precision 
parameter and 0  ≤  ϕ  ≤  1 signifies the proportion of the 
marginal variance 1

BY Mτ  explained by the spatial correlation 
among provinces.20, 21

A log-normal model for the age of people who committed 
suicide
To model the age of suicide cases, it is assumed that [Yijk|Nij] 

is a log-normal distribution with mean ( )( )log ijk ijY µ ξ= +  
and variance 1

ageτ ,
where µ signifies the intercept, and ξij’s are independent 

and identically distributed zero-mean Gaussian random 
effects with variance 1

ξτ
. The term ξij accounts for the 

effect of gender i and province j on the age of people who 
committed suicide and indicates gender and provinces 
with higher (ξij > 0) or lower (ξij < 0) age, compared to the 
whole country.

Fitting the model
The Bayesian inferential framework was used to fit 
the considered models to the data. Accordingly, it is 
necessary to specify a prior distribution for any parameter 
in the models, reflecting an approximate and idealized 
concept of prior information about the parameters.16,19 
Non-informative flat (improper uniform) priors were 
considered for β0; log (α), µ; log (τage), and log(τξ). A 
Gaussian prior was also considered with a mean zero and 
variance 103 for ( ) , 1, 2; 1, , 4i

l i lβ = = … , and penalized 
complexity priors 22 for log(τBYM) and 1

log φ
φ

 
 − 

 21. The R 

package integrated nested Laplace approximation (INLA) 
was used for the computations.23,24 The Bayesian inference 
for the model was conducted using the INLA method. 
Markov chain Monte Carlo methods were not used, and 
therefore, burn-in, the number of simulation iterations, 
and convergence criteria for the chain were not applicable 
in our study.

To assess the Bayesian goodness of fit and predictive 
performance of the fitted models for the provincial counts 
and the ages of suicide cases, the probability integral 
transform (PIT) values were extracted from the fitted 
models.24 If the fitted models described the data reasonably 
well, then the PIT values were expected to follow the 
standard uniform distribution (uniform distribution on 
[0, 1]).19

Results
The posterior mean with 95% credible interval (CrI) 
for the parameters of the fitted models to the provincial 
counts, the RRs, and the age of people who committed 
suicide are summarized in Table 1. It can be observed 
that a higher population density and a lower urbanization 
rate of provinces increase the RR of suicide for women. 
The posterior mean of ϕ implies that around 85% of the 
spatial variation in the RR of suicide is due to the spatial 
correlations among neighbouring provinces. Moreover, 
the log-normal model’s estimated parameters indicate 
that the country-wide average age of the fatal suicide 
was 34 years. The posterior mean with 95% CrI of 
gender-specific RRs θij and spatial random effects ξij for 

Table 1. Posterior means for the considered model parameters

Parameter Mean 95% CI

0β Intercept for the relative risks -0.454 (-2.743, 1.833)

( )1
1β

Population density for 
females

0.003 (0.001, 0.005)

( )2
1β Population density for males 0.001 (-0.001, 0.003)

( )1
2β

Unemployment rate for 
females

0.048 (-0.001, 0.097)

( )2
2β Unemployment rate for males 0.025 (-0.023, 0.072)

( )1
3β

Average household size for 
females

0.411 (-0.217, 1.038)

( )2
3β

Average household size for 
males

0.166 (-0.461, 0.791)

( )1
4β Urbanization rate for females -0.025 (-0.038, -0.012)

( )2
4β Urbanization rate for males -0.007 (-0.019, 0.006)

1
α

Over-dispersion of the 
negative binomial

4264.9 (11.9, 21667.3)

BY Mτ Marginal precision of the 
BYM model

5.977 (3.811, 8.818)

φ Proportion of the structured 
term in the BYM model

0.855 (0.504, 0.987)

µ Intercept for the log-normal 
model

3.432 (3.421, 3.443)

ageτ Precision for the log-normal 
model

5.916 (5.743, 6.092)

ξτ
Precision for the spatial 
random effects

96.67 (60.64, 148.1)
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the age of people who committed suicide across Iranian 
provinces are reported in Table 2. In this table, an asterisk 
(*) indicates the gender and provinces with significantly 
higher or lower RRs and higher or lower age of people who 
committed suicide, compared to the whole country.

The posterior mean of gender-specific provincial RRs 
is also mapped in Figure 1 where the spatial correlation 
and higher RR of fatal suicide in the western provinces 
are visible. Table 2 also reveals that the age of people 
who committed suicide was significantly lower for 
women, compared to the country average in Kerman 
(17%), Khuzestan (15%), Kohgiluyeh and Buyer-Ahmad 
(14%), Sistan-and-Baluchistan (13%), Fars (11%), and 
Hormozgan (10%) provinces. On the other hand, it was 
significantly higher in Semnan (18%), Gilan (16%), and 
Qom (13%). For men, the age of people who committed 
suicide in Sistan-and-Baluchistan (21%), Kohgiluyeh 
and Buyer-Ahmad (18%), and Hormozgan (12%) was 
significantly lower than that of the country average, while 
it was significantly higher in Gilan (23%), Tehran (13%), 
and East Azarbaijan (11%). 

The most noteworthy observation in Table 2 is the 
high suicide RR in the provinces of Ilam (more than 3 
times), Kohgiluyeh and Buyer-Ahmad (around 3 times), 
Kermanshah (2.7 times), and Lorestan (2.3 times) for 

women. These values were obtained in Kermanshah (2.1 
times), Kohgiluyeh and Buyer-Ahmad (2 times), and Ilam 
(2 times) for men.

Figure 2 shows the posterior mean of the spatial random 
effect in the log-normal model for suicide, while the 
histograms of the fitted models to the provincial counts 
(Nij’s) and ages of the suicide cases (Yijk’s) can be observed 
in Figure 3. The PIT values for the fitted log-normal model 
to the age of people who committed suicide are close 
enough to the realizations from the standard uniform 
distribution. However, the PIT values for the fitted model 
to the provincial counts show some discrepancies with 
what is expected from realizations from the standard 
uniform distribution. This indicates that there is room 
for improving the model fit to the provincial counts by 
including more relevant covariates in the model for the 
RRs or considering a model with more complex spatial 
correlation than the BYM model. 

Discussion 
The findings demonstrate the spatial correlation and 
higher RR of fatal suicide in western provinces in Iran. 
The risk of suicide mortality among females was the 
lowest in Yazd, South Khorasan, and Razavi Khorasan 
provinces. In addition, the risk of suicide mortality among 

Table 2. Posterior means of the gender-specific relative risk of suicide and the spatial random effect for the age of people who committed suicide across the 
provinces of Iran from 2016 to 2018 period

ID Province

Relative Risk θij Spatial random effect for the age ξij
Female Male Female Male

Mean 95% CI Mean 95% CI Mean 95% CI Mean 95% CI

1 Alborz 1.09 (0.89, 1.31) 1.17 (1.04, 1.32) -0.08 (-0.16, -0.01) 0.05 (0.00, 0.10)

2 Ardebil 1.43 (1.10, 1.81) 1.39 (1.18, 1.63) 0.06 (-0.03, 0.15) 0.03 (-0.03, 0.09)

3 Bushehr 0.83 (0.58, 1.13) 0.77 (0.61, 0.94) -0.03 (-0.16, 0.09) -0.05 (-0.14, 0.03)

4 Chahar Mahall and Bakhtiari 1.10 (0.78, 1.49) 1.24 (1.01, 1.50) 0.12 (0.00, 0.23) -0.01 (-0.09, 0.06)

5 East Azarbaijan 0.93 (0.78, 1.11) 1.23 (1.11, 1.35) -0.06 (-0.13, 0.01) 0.11 (0.07, 0.15)

6 Esfahan 0.53 (0.43, 0.64) 0.82 (0.74, 0.91) 0.04 (-0.04, 0.12) 0.02 (-0.03, 0.06)

7 Fars 1.02 (0.87, 1.18) 1.26 (1.15, 1.38) -0.11 (-0.17, -0.05) 0.03 (-0.01, 0.06)

8 Gilan 1.21 (0.99, 1.44) 1.48 (1.32, 1.65) 0.16 (0.09, 0.24) 0.23 (0.18, 0.27)

9 Golestan 1.20 (0.94, 1.49) 0.6 (0.56, 0.83) -0.01 (-0.10, 0.07) 0.00 (-0.07, 0.08)

10 Hamadan 1.00 (0.77, 1.25) 1.79 (1.58, 2.02) -0.05 (-0.14, 0.05) 0.07 (0.02, 0.12)

11 Hormozgan 0.63 (0.45, 0.84) 0.62 (0.50, 0.75) -0.10 (-0.22, 0.02) -0.12 (-0.20, -0.04)

12 Ilam 3.19 (2.45, 4.03) 2.03 (1.65, 2.46) 0.08 (-0.01, 0.17) 0.02 (-0.05, 0.10)

13 Kerman 0.81 (0.65, 0.99) 0.72 (0.62, 0.83) -0.17 (-0.25, -0.09) -0.07 (-0.12, -0.01)

14 Kermanshah 2.71 (2.32, 3.13) 2.13 (1.91, 2.37) 0.00 (-0.05, 0.06) 0.06 (0.02, 0.10)

15 Khuzestan 1.28 (1.10, 1.46) 1.06 (0.96, 1.17) -0.15 (-0.20, -0.09) -0.09 (-0.13, -0.05)

16 Kohgiluyeh and Buyer-Ahmad 2.94 (2.29, 3.67) 2.02 (1.67, 2.41) -0.14 (-0.23, -0.06) -0.18 (-0.25, -0.11)

17 Kordestan 1.38 (1.09, 1.71) 0.97 (0.81, 1.15) -0.09 (-0.17, 0.00) -0.04 (-0.11, 0.03)

18 Lorestan 2.31 (1.94, 2.71) 1.70 (1.49, 1.92) -0.07 (-0.13, 0.00) -0.05 (-0.1, 0.00)

19 Markazi 0.62 (0.45, 0.84) 1.01 (0.84, 1.19) 0.05 (-0.07, 0.17) 0.03 (-0.06, 0.12)

20 Mazandaran 1.02 (0.84, 1.21) 0.87 (0.76, 0.98) 0.01 (-0.07, 0.08) 0.09 (0.04, 0.14)

21 North Khorasan 1.08 (0.75, 1.47) 1.09 (0.86, 1.35) 0.08 (-0.03, 0.20) -0.04 (-0.13, 0.04)

22 Qazvin 0.84 (0.61, 1.11) 1.15 (0.96, 1.36) 0.08 (-0.03, 0.19) 0.06 (-0.01, 0.12)

23 Qom 0.53 (0.35, 0.74) 0.84 (0.68, 1.02) 0.13 (0.01, 0.26) 0.04 (-0.03, 0.12)

24 Razavi Khorasan 0.41 (0.33, 0.50) 0.62 (0.55, 0.69) -0.02 (-0.10, 0.06) 0.06 (0.02, 0.11)

25 Semnan 0.44 (0.28, 0.65) 0.62 (0.45, 0.81) 0.18 (0.03, 0.34) -0.10 (-0.21, 0.01)

26 Sistan-and-Baluchistan 0.67 (0.50, 0.85) 0.42 (0.34, 0.52) -0.13 (-0.23, -0.03) -0.21 (-0.29, -0.13)

27 South Khorasan 0.42 (0.25, 0.65) 0.42 (0.29, 0.58) 0.14 (-0.03, 0.30) -0.11 (-0.24, 0.01)

28 Tehran 1.01 (0.92, 1.10) 0.88 (0.83, 0.94) 0.01 (-0.03, 0.05) 0.13 (0.11, 0.16)

29 West Azarbaijan 0.76 (0.61, 0.93) 0.61 (0.52, 0.71) -0.06 (-0.14, 0.03) 0.03 (-0.03, 0.10)

30 Yazd 0.36 (0.22, 0.53) 0.56 (0.43, 0.71) 0.06 (-0.09, 0.21) -0.01 (-0.1, 0.09)

31 Zanjan 0.93 (0.67, 1.23) 1.38 (1.15, 1.63) 0.05 (-0.06, 0.17) 0.05 (-0.03, 0.14)
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males was the lowest in South Khorasan, as well as Sistan-
and-Baluchistan provinces. In both genders, the age of 
people who committed suicide was significantly lower 
among the residents of Kerman, Khuzestan, Kohgiluyeh 
and Buyer-Ahmad, as well as Sistan-and-Baluchistan 
provinces, compared to the national level. By contrast, in 
both genders, the age of people who committed suicide 
was significantly higher among the residents of Gilan 
province, compared to the overall mean age of people 
who committed suicide at the national level. Moreover, 
the age of people who committed suicide was significantly 

higher among the females in Semnan and Qom provinces, 
compared to that at the national level.

In Iran, the overall age-standardized rate of suicide 
death has decreased from 4.32 per 100 000 to 2.78 per 
100 000 population between 1990 and 2015.25 However, 
this decreasing trend was not consistent during this 
period. Suicide mortality has slightly increased in Iran 
during 2006-2010, according to the national suicide 
registry data.25,26 Many studies were previously conducted 
to quantify the risk of provincial suicide disparities and 
visualize the spatial pattern of suicide at the province 

Figure 1. Posterior means of gender-specific relative risk of suicide across provinces in Iran from 2016 to 2018.

Figure 2. Spatial random effect for the age of people who committed suicide across provinces in Iran from 2016 to 2018.
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level.11-13 Health policy-makers are often interested in 
visualizing the spatial distribution of health outcomes as it 
can help them to determine unmet needs areas and better 
resource allocation.11-13 

As far as the authors are aware, this study provided 
the first comprehensive Bayesian evidence on the spatial 
heterogeneity of suicide mortality across the Iranian 
provinces. Our findings are in line with the results of 
previous studies that reported the most suicide death cases 
in the western provinces of Iran.26,27 A possible explanation 
might be related to the combined impacts of rapid 
urbanization, low socio-economic status, and cultural 
diversity,25,26,28,29 which intensified conflicts between 
traditions and modernity in this part of the country. As 
shown by the study, the lowest risks of suicide mortality 
among females were related to South Khorasan, Yazd, 
and Razavi Khorasan provinces. A possible explanation 
might be that the Human Development Index for these 
provinces was higher, compared to that in the rest of 
Iranian provinces in 2016.17 Moreover, the lowest risks 
of suicide mortality among males were related to South 
Khorasan, as well as Sistan-and-Baluchistan provinces 
which are neighbouring provinces located in the south-
eastern region of Iran. Interestingly, these two provinces 
are less developed and have a strongly patriarchal culture, 
which might contribute to the lower risk of suicide of 
men in this region. The spatial analyses of suicide risk by 
provinces generate new evidence for policy planning and 

suicide prevention activities.
Globally, suicide mortality rates for men were higher 

than women across all regions, countries, and age groups, 
except for the 15-19 age groups.1 At the national level, 
the annual suicide mortality rate was higher among 
individuals aged 15-24 years between 1990 and 2015.25 
The results presented in Table 2 show that the age of 
suicide varies in different regions of Iran. In both genders, 
the age of people who committed suicide was significantly 
lower among the residents of Kohgiluyeh and Buyer-
Ahmad, Sistan-and-Baluchistan, Kerman, Khuzestan, 
and Hormozgan provinces than the overall mean age 
of people who committed suicide at the national level. 
However, these findings should be interpreted with some 
caution. It seems that the South of the country can be 
considered a new source of YLL attributable to suicide. By 
contrast, the age of people who committed suicide among 
the residents of Gilan province and females in Semnan 
province was significantly higher than the overall mean 
age of people who committed suicide at the national level. 
An earlier and recent systematic review from January 2008 
to January 2018 showed that the mean age of suicide in 
Iran was 29.8 years (age range: 27.7-31.8 years) for men 
and 27.4 years (age range: 25.8-28.9 years) for women.30 
These findings demonstrate that suicide among Iranian 
women occurred at younger ages than men over the past 
decade.15,30 However, identifying the exact causes of this 
heterogeneity is beyond this paper’s scope, and further 

Figure 3. Histograms of the probability integral transformation values extracted from the fitted model to the provincial counts (top) and the age of people who 
committed suicide (bottom).
Dashed line  =  the density function of the standard uniform distribution.
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research is warranted. On the other hand, the age range 
reported was significantly lower than that in our findings 
(34 years). Three reasons explain this difference. One is 
that our study included only fatal (completed) cases of 
suicide; secondly, the data were analyzed from 2016 to 
2018, while the above review30 included both fatal and 
attempted suicide cases and used data over 10 years 
(2008 to 2018). A final point is that this review included 
mostly province-level studies, while the present study was 
conducted on a national level. 

The 2015 national mental health survey of the 36 000 
adult population estimated the prevalence of mental 
disorders based on the Diagnostic and Statistical Manual 
of Mental Disorders, 5th Edition criteria and found it to be 
23.44%.31 The survey’s results demonstrated an increasing 
prevalence of national mental disorders, compared to the 
1999 study.31 Previous findings would suggest that policy-
makers consider the implementations to decrease the 
incidence of suicide in Iran that include improved social 
equity, mitigated economic and unemployment problems, 
promotion of healthy lifestyles, provision of community 
mental health services, as well as designing a surveillance 
system for early detection or screening for severe 
depression, enhanced coping skills for families and at-risk 
people that would also promote position and participation 
of the female population in the community, and job market 
supporting a smooth transition from traditional society to 
modernity.32 Given the heterogeneity in suicide mortality 
risk among different subgroups of age and gender, our 
findings point to the urgent need in developing gender- 
and age-specific suicide prevention strategies. Moreover, 
efficient allocation of healthcare resources for suicide 
prevention can be attained by targeting provinces with 
higher risk.

Our study had several strengths, including the use of 
valid registered suicide data, Bayesian statistics to estimate 
geographical distribution of suicide, large sample size, 
and geospatial modeling of suicide risk at the national 
scale. Compared to the overall estimation, using the BYM 
model for mapping men’s and women’s suicide patterns 
produces more accurate estimates, even if the age-
standardized mortality rates do not account for possible 
spatial dependence among the neighbouring provinces 
and only provides raw estimates of age-standardized 
suicide rates across provinces in Iran.

Our study also had some limitations. First, deaths in 
rural and remote areas are not always referred to FMO for 
further investigations. Second, given the nature of the data 
available to us, no information was available on mental 
disorders, marital status, occupation, or educational 
levels, all of which could contribute to suicide deaths. 
Third, given the time and resources required to complete 
autopsies, there is a time lag between the actual death date 
and when the cause of death is updated in FMO records.15 
Fourth, it is likely that suicide death data could be under-
registered due to Iranian society’s conservative context.33 
Finally, there was no access to county-level data, which 

can be considered another limitation. In this regard, it is 
recmmended that future researchers conduct county-level 
spatial analysis.

Conclusions 
The findings of this study unraveled the evidence of gender 
and age differences, as well as spatial variations in suicide 
mortalities across provinces in Iran. This information 
would inform the staff at the Ministry of Health and 
other provincial-level administrative centres dealing 
with health-related matters targeting interventions to 
the communities at highest risk and suggests that the 
implementation of a suicide risk prediction model into a 
policy setting may aid in early prevention and detection of 
people at high risk. In general, keeping up-to-date national 
policies, strategies, and programs relating to Iran’s suicide 
prevention activities are necessary for the future.

• The suicide relative risk (RR) was higher in both 
men and women in the west of Iran.

• A higher population density and a lower urbanization 
rate across the provinces in Iran increase the RR of 
suicide among women.

• Based on the log-normal model, the overall mean 
age of fatal suicide at the national level was 34 years.
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