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ABSTRACT

Background: This longitudinal ecological study aimed to assess associations between suicide
incidence and two composite indices—the misery index and the socio-demographic index
(SDI)—in Ilam Province, Iran, from 2010 to 2019.

Methods: We conducted a longitudinal ecological study. Monthly suicide counts from the
Iranian Legal Medicine Organization were standardized to rates per 100,000 population and
linked to monthly misery index values and annual SDI scores. Descriptive statistics and temporal
plots summarized trends. Pearson correlation quantified bivariate relationships. Multivariable
linear regression with robust standard errors, adjusted for calendar year and monthly seasonality,
estimated independent associations. Sensitivity analyses employing lagged misery index values
are detailed in a supplementary appendix.

Results: Suicide rates declined from a peak of 35.71 per 100,000 population in 2010, while
SDI rose from 0.620 to 0.670 by 2019. The misery index showed a weak positive correlation
with suicide rates (1=0.218), while SDI correlated moderately negatively (r=-0.704). In adjusted
models, a higher SDI was strongly associated with lower suicide rates (§=-355.3, P=0.02). The
misery index showed a small, non-significant positive association (=0.15, P=0.38). Sensitivity
analyses yielded consistent findings.

Conclusion: In Ilam Province, long-term sociodemographic improvements were strongly
associated with reduced suicide incidence, whereas short-term economic distress showed a weaker,
non-significant independent association. Public health strategies prioritizing education, income
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Introduction

uicide is one of the most serious yet pre-

ventable causes of death worldwide. Ac-

cording to the World Health Organiza-

tion (WHO), over 700,000 people died

by suicide in 2019, representing a global
age-standardized rate of approximately 9.0 per 100,000
population [1]. While the overall suicide rate in Iran has
been reported to be around 5.2 per 100,000, which is be-
low the global average, these figures mask significant re-
gional disparities [2]. Ilam Province, located in western
Iran on the border with Iraq, has consistently recorded
rates far exceed the national average. For instance, a
2024 study reported Ilam’s age-standardized rate to be
16.3 per 100,000, nearly three times the national figure
and highlighting it as a persistent high-risk region for
over a decade [2, 3]. This concerning trend underscores
the critical need to investigate the unique social and eco-
nomic determinants of mental health within this specific
provincial context.

To understand the economic drivers of mental health
outcomes, researchers often employ composite indices.
The misery index, a simple economic indicator first
popularized in the 1970s, is calculated as the sum of the
unemployment rate and the inflation rate [4]. It serves as
a barometer of economic distress, where higher scores
indicate greater levels of joblessness and rising living
costs, conditions strongly linked to psychological stress,
despair, and suicidal behavior [5, 6]. In Iran, economic
instability has led to significant fluctuations in the na-
tional misery index, with episodes of critical elevation
that likely impact vulnerable regions, such as Ilam Prov-
ince [7]. Analyzing these economic pressures at a subna-
tional level is crucial, as local economic conditions can
differ substantially from national trends.

Conversely, long-term structural development is hy-
pothesized to exert a protective effect. The socio-demo-
graphic index (SDI) is a composite measure of a popula-
tion’s overall development based on income per capita,
educational attainment, and fertility rates [8]. Higher
SDI is generally associated with better health outcomes,
greater opportunities, and stronger social support sys-
tems, all of which may mitigate suicide risk [9].

Existing literature provides robust evidence linking
economic recessions and rising unemployment to in-
creased suicide rates at national levels [6, 10]. However,
most studies focus on high-income countries or short-
term shocks, leaving a gap in understanding how these
factors interact in a sustained, high-risk, localized set-
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ting like [lam Province. A systematic search reveals that
while ecological studies on suicide in Iran exist, few
have conducted a multivariable, longitudinal analysis of
Ilam Province specifically that incorporates both short-
term economic distress (misery index) and long-term
development (SDI) [11, 12].

Therefore, this study aims to fill this gap by quantifying
the temporal associations between province-level misery
index, SDI, and suicide rates in Ilam Province from 2010
to 2019. The findings will provide localized evidence to
inform public health strategies tailored to the specific so-
cioeconomic realities of this high-risk region.

Methods
Study design

This longitudinal ecological study was conducted in
Ilam Province, Iran, over a ten-year period (2010-2019).

Data Sources and Measurement of Variables
The data for this study were collected in collaboration
with several key institutions: Ilam University of Medical
Sciences, the Statistical Center of Iran (SCI), and the Ira-
nian Legal Medicine Organization [2, 11]. Suicide sta-
tistics were assessed and validated through the national
suicide registration system.

Suicide incidence

Monthly data on suicide counts (fatal and nonfatal)
were obtained from the Iranian Legal Medicine Orga-
nization. To ensure reliability, incomplete, unreadable or
contradictory records were removed. The remaining data
were cleaned, standardized, and converted to monthly
rates per 100,000 population using annual population
estimates from the SCI.

Composite indices

Misery index: This index measures the level of eco-
nomic distress experienced by a population. It was cal-
culated monthly for Ilam Province using data from the
SCI. The Equation 1 is:

1. Misery index=Unemployment rate (%)+Inflation
rate (%)

The unemployment rate reflects the proportion of the
labor force that is jobless and actively seeking work. The
inflation rate measures the annual percentage change in
the consumer price index, representing the increase in
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the cost of living. A higher index value indicates greater
economic hardship [4, 5].

SDI: This is a composite measure of a region>s overall
development level, developed by the global burden of
disease study [7, 8]. Annual SDI scores for llam Prov-
ince, ranging from 0 (lowest development) to 1 (highest
development), were used. The SDI is calculated as the
geometric mean of three underlying indices:

Income per capita: Based on lag-distributed income
(LDI), which is a measure of average income that ac-
counts for purchasing power parity.

Educational attainment: The average number of years
of education received by individuals aged 15 and older.

Fertility rate: The total fertility rate under the age of 25
(TFU25), which reflects the status of women and family
planning.

Data quality assurance

Ensuring data quality enhances the reliability and re-
producibility of findings. Three key steps were applied
to achieve this goal: First, missing data were imputed us-
ing multiple imputation methods. Next, data from vari-
ous sources were compared to reduce potential errors.
Lastly, longitudinal time-based comparisons of variables
were conducted for greater accuracy.
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Statistical analysis

Descriptive statistics, including Mean+SD, median,
and range, were used to illustrate general trends over
the decade. Pearson correlation coefficients were used
to assess the strength and direction of the relationship
between suicide rates, the misery index, and SDI. Subse-
quently, multivariate linear regression models were ap-
plied to evaluate both individual and combined effects
of the indices. The models included the misery index
and SDI as predictor variables for suicide incidence,
with adjustment for underlying time trend and monthly
seasonality.

All statistical analyses were conducted using SPSS
software, version 26 and Stata software, version 18.

Results
Descriptive statistics and time trends

Table 1 presents the annual suicide rates, misery index,
and SDI for Ilam Province from 2010 to 2019. The data
reveal a clear, nonlinear downward trend in the overall
suicide rate, which declined from a peak of 35.1 per
100,000 in 2010 t0 9.7 per 100,000 in 2019. This trend is
visualized in Figure 1, which shows a steep decline from
2010 to 2014, followed by a period of relative stabiliza-
tion at lower levels with minor fluctuations.

Table 1. Estimated raw suicide rate (per 100,000) by sex and combined, llam Province 2010-2019 (95% CI)

Year Male Rate (95% Cl) Female Rate (95% Cl) Boths (95% Cl) Misery Index SDI

2010 25.7(20.3,32.4) 45.0(37.4,53.4) 35.1(30.2, 40) 315 0.62
2011 15.7 (11.5, 20.9) 17.1(12.6, 22.8) 16.4 (13.1,19.7) 39.89 0.63
2012 20.6 (15.8, 26.5) 23.6 (18.3, 30) 22.1(18.2, 25.9) 51.7 0.64
2013 12.5(9,17.1) 15.1(11.1, 20.2) 13.8(10.8, 16.8) Si%97 0.64
2014 11.9 (8.5, 16.4) 3.0(1.4,5.7) 7.5(5.4,9.7) 26.95 0.65
2015 12.4 (9, 16.9) 9.7 (6.6, 13.8) 11.1(8.5,13.7) 24.46 0.651
2016 10.9(7.7,15.2) 5.6(3.3,8.9) 8.3(6.1,10.5) 21.52 0.651
2017 10.7 (7.7, 14.7) 9.1 (6.1, 13) 9.9(7.6,12.3) 22.96 0.661
2018 15.1(11.4,19.7) 9.0(6.1,12.7) 12.1(9.6, 14.7) 44.68 0.67
2019 8.8(6.1,12.3) 10.6 (7.5, 14.5) 9.7 (7.4,11.9) 50.3 0.67

SDI: Socio-demographic index; CI: Confidence interval. pay
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Figure 1. Suicide rate per 100,000 people in Ilam Province (2010-2019)

A notable gender disparity was observed. In 2010, the
female suicide rate (45.0 per 100,000) was substantially
higher than the male rate (25.7). However, this pattern
shifted progressively, with the female rate decreasing
dramatically to 10.6 per 100,000 by 2019, while the
male rate was 8.8 per 100,000, indicating a marked re-
duction in the gender gap over the study period.

The two composite indices showed distinct trajecto-
ries. The SDI demonstrated a consistent, steady increase
from 0.620 in 2010 to 0.670 in 2019, reflecting gradual
but sustained developmental progress. In sharp contrast,
the misery index showed marked volatility, with notable
peaks in 2012-2013 and again in 2018-2019, indicating
repeated episodes of pronounced economic stress inter-
rupting periods of relative stability.

Table 2 summarizes the bivariate relationships be-
tween the variables. The analysis revealed a weak posi-
tive correlation between the misery index and suicide
rates (r=0.218), suggesting a modest tendency for sui-
cide incidence to be higher during periods of economic
distress. In contrast, a moderate-to-strong negative cor-
relation was observed between the SDI and suicide rates
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(r=-0.704), indicating that higher levels of development
were consistently associated with lower suicide rates
over the study period. Furthermore, approximately zero
correlation between the misery index and SDI (1=0.022)
confirms that these two indices measure fundamentally
distinct aspects of the provincial context, with short-term
economic volatility being independent of the long-term,
gradual trajectory of sociodemographic development.

The results of the multiple linear regression analysis,
presented in Table 3, elucidate the independent associa-
tions of these indices with suicide rates after controlling
for each other, underlying time trends, and seasonal ef-
fects. The model identifies SDI as a strong, independent,
and statistically significant protective factor (f=-355.3,
P=0.02). This coefficient implies that for every 0.01 unit
increase in the SDI, the suicide rate is expected to de-
crease by approximately 3.55 per 100,000 population,
holding the misery index constant. Conversely, the mis-
ery index showed a small, non-significant positive as-
sociation (B=0.15, P=0.38), indicating that its apparent
bivariate relationship with suicide does not hold as an
independent predictor once the strong effect of sociode-

Table 2. Pearson correlation coefficients among the suicide rate, misery index, and SDI

Variables Suicide Rate (/100 k) Misery Index SDI
Suicide rate (/100 k) 1 0.218 -0.704
Misery index 0.218 1 0.022
SDI -0.704 0.022 1
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Table 3. The multiple linear regression model results for the association of the misery index and the SDI with suicide rates

Variables Coef. St. Err. t P>|t| [0.025 0.975]
Const 240.5 82.42 2.9 0.02 45.6 43541
Misery index 0.15 0.16 0.92 0.38 -0.23 0.54
SDI -355.3 126.96 -2.79 0.02 -655.5 -55.11
LT L

mographic development is accounted for in the model.
Collectively, the predictors in this model explained a
substantial proportion of the variance in suicide rates, as
evidenced by an adjusted R? of 0.807.

Discussion

This longitudinal study reveals a complex relation-
ship between economic distress, sociodemographic
development, and suicide incidence in Ilam Province.
The central finding is that long-term improvements in
sociodemographic conditions, as measured by the SDI,
demonstrated a strong and independent inverse associa-
tion with suicide rates [12-14]. In contrast, short-term
economic fluctuations, captured by the misery index,
showed a significant bivariate correlation but a non-sig-
nificant independent effect in the multivariable model,
suggesting its influence may be mediated or overshad-
owed by broader developmental factors [15-17].

The volatile nature of the misery index in Ilam reflects
periods of severe economic pressure, consistent with
national trends of inflation and unemployment [5, 18].
The observed positive correlation between economic
distress and suicide is supported by a body of global lit-
erature. For instance, a multi-country study found that
rises in unemployment were significantly associated
with increased suicide rates, particularly among males
[11]. Similarly, research from Greece during its financial
crisis demonstrated that austerity measures and rising
economic misery were linked to a sharp deterioration in
mental health and a rise in suicidality [3]. The reason this
relationship may be weaker as an independent predictor
in Ilam could be attributed to the province’s unique so-
cio-cultural context. The presence of strong familial and
tribal support structures, which are prominent in Western
Iran, may provide a protective buffer against the immedi-
ate psychological impact of economic shocks [19]. This
communal resilience could mitigate what would other-
wise be a more direct pathway from economic hardship
to suicide.

Conversely, the strong protective association of the SDI
is a pivotal finding. This aligns with the fundamental
premise of social determinant models of health, which
posit that factors like education, income, and gender eq-
uity are foundational to population well-being [13, 20].
Our results corroborate global evidence; for example, a
systematic analysis of the global burden of disease study
consistently found that regions with higher SDI had low-
er rates of suicide and fatal self-harm, as development
facilitates greater access to resources, knowledge, and
opportunities [1, 8]. The steady improvement in SDI in
[lam, driven by investments in education and healthcare,
likely fostered this protective environment by enhanc-
ing individual capabilities, improving health literacy,
and empowering women, as reflected in the changing
fertility rate component of the SDI. The dramatic decline
in female suicide rates over the decade may be a direct
outcome of these developmental gains, offering women
more avenues for social and economic participation [21].

The reversal of the gender gap in suicide rates, from
female-dominated to near convergence, is a noteworthy
finding that warrants further investigation. While the
global pattern often shows higher male suicide mortal-
ity, the initially high rate among females in Ilam has
been documented in other studies within the province
and neighboring regions [2, 19]. The significant reduc-
tion in female rates could be attributed to targeted na-
tional and provincial public health initiatives, improved
access to education for girls, and changing social norms.
However, the persistent, albeit lower, rate among males
highlights the need for gender-sensitive prevention
strategies that address male-specific risk factors, such
as help-seeking behaviors and coping mechanisms for
economic pressures.

Conclusion

In conclusion, this decade-long analysis of Ilam Prov-
ince demonstrates that while acute economic distress
is correlated with suicide rates, the sustained improve-
ment in socio-demographic development exhibits a far
stronger and independent protective association. A com-
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prehensive prevention strategy must therefore be dual-
pronged, combining robust, timely responses to eco-
nomic shocks with a steadfast commitment to long-term
developmental policies that build community resilience
from the ground up.

Limitations

Several limitations of this study should be acknowl-
edged. First, the ecological design precludes inferences
at the individual level, known as the ecological fallacy.
While we identified associations at the population level,
these relationships may not hold for individuals. Second,
despite data cleaning and validation, the underreporting
of suicide, particularly due to social and religious stigma,
remains a potential source of bias, which is a common
challenge in suicide research in the region. Third, the
analysis did not include other potentially confounding
variables, such as access to mental health services, sub-
stance use patterns, or media reporting on suicide, which
could influence incidence rates. Finally, the use of an-
nual SDI data, while informative, may not capture more
granular temporal changes within each year.

Implications and recommendations

Despite these limitations, these findings carry crucial
implications for public health policy. The strong asso-
ciation with SDI suggests that sustainable suicide pre-
vention requires a multi-sectoral approach that extends
beyond the healthcare system. Policymakers should
prioritize long-term investments in education, economic
development, and programs that enhance gender equali-
ty. Simultaneously, the correlation with the misery index
indicates that social protection systems must be strength-
ened to act as automatic stabilizers during economic
downturns. This includes expanding unemployment
benefits, implementing active labor market programs,
and providing accessible mental health first aid in prima-
ry care settings, especially in periods of economic crisis.

Future research should employ individual-level case-
control or cohort studies to identify specific risk and pro-
tective factors within the Ilam population. Qualitative
inquiries are also needed to better understand the lived
experiences and motivations behind suicidal behavior,
particularly the shifting gender dynamics, to inform the
design of culturally resonant and effective prevention in-
terventions.
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