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Abstract

Aims. We aimed to report an overview of trends in suicide mortality and years of life lost
(YLLs) among adolescents and young adults aged 10-24 years by sex, age group, Socio-
demographic Index (SDI), region and country from 1990 to 2021 as well as the suicide mortality
with age, period and birth cohort effects.

Methods. Estimates and 95% uncertainty intervals for suicide mortality and YLLs were
extracted from the Global Burden of Diseases Study 2021. Joinpoint analysis was used to cal-
culate the annual percentage change (APC) and average annual percentage change (AAPC) to
describe the mortality and rate of YLLs trends. Age, period and cohort model was utilized to
disentangle age, period and birth cohort effects on suicide mortality trends.

Results. Globally, suicide mortality and the rate of YLLs among adolescents and young adults
both declined from 1990 to 2021 (AAPC: —1.6 [-2.1 to —1.2]). In 2021, the global number of
suicide death cases was 112.9 thousand [103.9-122.2 thousand] and led to 7.9 million [7.2-8.6
million] YLLs. A significant reduction in suicide mortality was observed in all sexes and age
groups. By SDI quintiles, the high SDI region (AAPC: —0.3 [-0.6 to 0.0]) had the slowest decline
trend, and low-middle SDI region remained the highest suicide mortality till 2021 (7.8 per
100,000 population [6.9-8.6]). Most SDI regions showed generally lower period and cohort
effects during the study period, whereas high SDI region showed more unfavourable risks,
especially period and cohort effects in females. Regionally, Central Latin America (AAPC: 1.7
[1.1-2.3]), Tropical Latin America (AAPC: 1.5 [0.9-2.0]), High-income Asia Pacific (AAPC:
1.2 [0.7-1.7]) and Southern sub-Saharan Africa (AAPC: 0.8 [0.4-1.2]) had the significance
increase in suicide mortality. In 2021, Southern sub-Saharan Africa had the highest mortality
(10.5 per 100,000 population [8.6-12.5]). Nationally, a total of 29 countries had a significant
upward trend in suicide mortality and rate of YLLs over the past three decades, and certain
countries in low-middle and middle regions exhibited an extremely higher burden of suicide.
Conclusions. Global suicide mortality and the rate of YLLs among adolescents and young
adults both declined from 1990 to 2021, but obvious variability was observed across regions
and countries. Earlier mental health education and targeted management are urgently required
for adolescents and young adults in certain areas.

Introduction

Globally, suicide is a significant public health issue. Approximately 703,000 people take their
own lives each year (World Health Organization, 2023). In 2016, suicide was one of the top
10 leading causes of death in Eastern, Central and Western Europe, Central Asia, Oceania,
southern Latin America and high-income North America (Naghavi, 2019). Despite a signifi-
cant decrease in suicide rate from 1990 to 2019 (from 13.8% to 9.8% per 100,000 population),
the overall number of suicide deaths increased by 19,897 (Yip et al., 2022). Suicide in adolescents
and young adults is the end product of a complex interplay between genetic, biological, psychi-
atric, psychological, social and cultural factors (Hawton et al., 2012). Psychological problems
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such as avoidance, impulsivity, depression and anxiety in the youth
can lead to suicide, with some of the most extreme groups of the
population seeing death as a last resort to solve their problems
(Hawton et al., 2012; Townsend, 2014). Therefore, the prevalence
of suicide increases significantly throughout adolescence, despite it
is a relatively rare occurrence among young people (Kélves and de
Leo, 2017).

Previous studies have also reported the prevalence of suicide
among young people. According to the World Health Organization
(WHO), suicide is the second leading cause of death among peo-
ple aged 15-19 years worldwide, and also the third leading cause
of disability-adjusted life years for the 10-24 years population
(GBD 2019 Diseases and Injuries Collaborators, 2020). Although
the overall suicide mortality for 5-19 years adolescents decreased
from 4.74 per 100,000 population in 1990 to 2.70 per 100,000 pop-
ulation in 2019 (Kim et al., 2024), the global suicide rate is still
high, accounting for 4.2% of overall death cases among this pop-
ulation (Liu et al., 2022). Regionally, the worrying phenomenon
of suicide occurred in certain areas. Fifteen percent of adoles-
cents in low- and middle-income countries had suicidal thoughts
(United Nations, 2019). In America, suicide mortality for people
aged 10-24 increased continuously from 2007 through 2021 (from
6.8 to 11.0 per 100,000 population) (Centers for Disease Control
and Prevention, 2023).

It is well known the epidemic of suicide varies significantly by
sex, age and geographic region, and is also influenced by local eco-
nomic, political and cultural changes (Turecki and Brent, 2016).
Currently, the trend of suicide mortality and the authentic extent
of the burden from suicide among adolescents and young adults
in specific regions and countries is still unknown. Although some
studies have reported on global suicide, some national data are
omitted and have not been systematically analysed for the 10-24-
year-old population who are at high risk for suicide. Furthermore,
since the COVID-19 pandemic, the government has implemented
strict quarantine measures, thus posing significant challenges to
young people’s psychological well-being. Trends in suicide mortal-
ity in the post-epidemic era have not been addressed. Therefore, we
aim to use data from the Global Burden of Disease 2021 to explore
the global burden and changing trends in suicide mortality and
years of life lost (YLLs) among adolescents and young adults from
1990 to 2021. The purposes of this study are: (1) to describe the
mortality, YLLs of suicide in males and females aged 10-14, 15-19
and 20-24 years, from 1990 to 2021 among Socio-demographic
Index (SDI) quintiles, 21 regions and 204 countries; (2) to deter-
mine the association of SDI level with suicide mortality and rate
of YLLs by each region and country; (3) to report the association
of suicide mortality with age, period and cohort effects across SDI
quintiles, 21 regions and countries.

Methods
Data sources

The Global Burden of Disease Study (GBD) 2021 includes esti-
mates of mortality and YLLs by location, age group and sex from
371 causes (including suicide), in 204 countries and territories
from 1990 to 2021 (GBD 2021 Diseases and Injuries Collaborators,
2024). The GBD data uses the International Classification of
Diseases (ICD) to define suicide mortality as death due to inten-
tional self-inflicted poisoning or injury (ICD-10 codes: X60-X64.9,
X66-X84.9,Y87.0; ICD-9 codes: E950-E959) and provides compre-
hensive suicide mortality and YLLs for assessment. In GBD 2021,
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data on suicide could extended back to 1980, but considering the
sparser of the data before 1990 in some developing countries, we
restricted our analysis from 1990 to 2021.

The major data sources for suicide mortality estimation
for GBD 2021 include hospital records, emergency department
records, insurance claims and population-representative surveys
(GBD 2021 Diseases and Injuries Collaborators, 2024). The qual-
ity and comparability of cause of death data for suicide was
assessed and improved through multiple methods. These included
data standardization and redistribution of inappropriately coded
death or junk codes. Undercounting or misclassification of sui-
cide deaths is a known problem in the estimation of suicide deaths,
with the extent and type of misclassification varying by location,
age, sex and time. The misassignment is partially corrected by real-
locating ICD codes that may include suicide deaths (GBD 2016
Causes of Death Collaborators, 2017; India State-Level Disease
Burden Initiative Suicide Collaborators, 2018). Mortality was mod-
elled using the Death Ensemble model (CODEm). This modelling
approach can estimate a more accurate measure of uncertainty
than other modelling techniques, thereby improving the accuracy
of the final mortality estimate and reducing uncertainty. To YLLs,
each death caused by suicide was multiplied by the standard life
expectancy at that age. The specific modelling process for suicide
data can be seen in Supplementary Method S1.

The mortality, number of deaths and YLLs of suicide were
extracted directly from GBD 2021 at the disease surveillance sys-
tem on the Global Health Data Exchange website (http://ghdx.
healthdata.org). The 95% uncertainty interval is defined by the
2.5th and 97.5th values of the ordered 1000 estimates based on the
GBD algorithm (GBD 2021 Diseases and Injuries Collaborators,
2024). Based on the data provided by GBD, we also used each coun-
try’s SDI, a measure that combines per capita income, average years
of schooling and fertility rates for women under 25 years old (GBD
2021 Diseases and Injuries Collaborators, 2024). SDI ranges from
0 to 1, with higher values indicating higher socio-economic lev-
els. Based on the 2021 SDI values, all countries were included in
one of the five SDI quintile regions. We collected suicide data from
sexes, three age groups (10-14 years, 15-19 years and 20-24 years),
as well as SDI regions, 21 regional groups and 204 countries at life
stages from childhood to adulthood. We compared the GBD 2021
data on suicide death with those published by the WHO for 2021.
The result showed they were highly comparable (Supplementary
Table 1).

Data analysis

Joinpoint analysis

Joinpoint regression program version 5.0.2 (National Cancer
Institute, 2024) was used to report trends of suicide mortality
and rate of YLLs across different sexes, age groups, SDI qualities,
regions and countries from 1990 to 2021. The model is calculated
by using the least squares method to estimate the pattern of change
in mortality and rate of YLLs, avoiding the non-objectivity of typ-
ical trend analyses based on linear trends. Calculating the sum of
the squares of the residuals between the estimated and actual val-
ues gives the joinpoints of the moving trend. Based on the officially
recommended joinpoint number, we set the maximum number of
joinpoints to 6 (National Cancer Institute, 2024). For each statis-
tically significant segment of the time trend, the model gives the
average percentage change (APC) reflecting the rates of change
between the two connecting points. The model also gives values
for the average annual percentage change (AAPC), which describes
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the overall rate of change in suicide. The Z test is used to determine
whether AAPC or APC is different from 0. If APC/AAPC > 0, the
trend is upward. If APC/AAPC < 0, the trend is downward.

Correlation with SDI

Gaussian curves was used in this study to determine the rela-
tionship of each region or country’s socio-economic development
status with mortality and rate of YLLs for suicide. Based on SDI
and observed mortality and rate of YLLs in all regions and coun-
tries, the expected mortality and rate of YLLs were analysed, and
assessed by the Spearman rank order correlation tests (Jin et al.,
2021).

Age, period and cohort analysis

We used the web-based age, period and cohort model (https://
analysistools.cancer.gov/apc/) to analyse the effect of age, period
and cohort on suicide mortality trends across SDI qualities, regions
and countries. GBD 2021 estimates for suicide death cases and
population data of each country/region were used as data inputs
for the age, period and cohort model. Before formal analysis,
a total of 15 countries were excluded because the number of
suicide deaths among 10-24-year-olds was less than 1 for sev-
eral consecutive years (the details can be seen in Supplementary
Method S2). In a typical age, period and cohort model, the age
and period interval must be equal, so ages are divided into 5-
year age groups (10-14 years, 15-19 years and 20-24 years) (Bell,
2020; Yang et al., 2018), and periods are divided into 5-year
groups (1992-1996, 1997-2001, ..., 2017-2021). Finally, eight par-
tially coincidental birth cohorts are generated by age groups and
period groups (1967-1976, 1972-1981, ..., 2022-2011). The age
effect is represented longitudinally by a fit of a given number
of birth cohorts adjusted for period bias to a specific age rate.
The period/cohort effect is expressed by the period/cohort relative

Mortality rate per 100,000 population

mortality, which is calculated as the rate of age-specific mortal-
ity in each period/cohort relative to the reference period/cohort.
In our study, we chose 10 years old as the reference age and 1990
as the reference period. The choice of reference did not affect the
interpretation of the results (Rosenberg et al., 2014). The statistical
significance of these parameters was tested by the Wald 2, with
a significance level of 0.05. These processes were completed in R
4.2.1.

Results
Joinpoint regression analysis of suicide mortality and YLLs

Global trends

Globally, the mortality and rate of YLLs of suicide among ado-
lescents and young adults were both on a downward trend. The
suicide mortality in 2021 (6.0 per 100,000 population [5.5-6.5] was
lower than in 1990 (9.7 per 100,000 population [8.0-10.5]). The
global rate of YLLs also declined from 1990 (684.3 per 100,000
population [561.9-735.4]) to 2021 (419.4 per 100,000 popula-
tion [385.7-454.1]). Joinpoint regression analysis identified similar
trends of suicide mortality and rate of YLLs, with four substantial
changes for the trends in 1999, 2002, 2012 and 2015, and both with
an average decrease (AAPC: —1.6 [-2.1 to —1.2], Figure 1) per year.
The mortality experienced a fast downward trend in 2012-2015
(APC: -3.8 [-6.4 to —1.2]).

Global trends by sex and age group

The mortality declined for both sexes in the past three decades,
and females fell faster than males (AAPC for males: —-1.2 [-1.5
to —1.0]; AAPC for females: -2.1 [-2.5 to —1.7], Table 1,
Supplementary Figure S1). Meanwhile, males kept a consistently
higher mortality and rate of YLLs than females from 1990 to 2021.
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Figure 1. Joinpoint regression analysis of suicide mortality aged 10-24 years from 1990 to 2021 in global and 5 SDI regions.
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Among the 112,936 global suicide death cases in the 10-24 years
population in 2021, 69,247 (61.3%) occurred in males, thus
accounting for 4,837,216 (61.1%) YLLs. The mortality in three
age groups all showed a decreasing trend from 1990 to 2021, and
the adolescents in 20-24 years experienced the slowest decrease
(AAPC: -1.4 [-1.9 to —0.9], Table 1, Supplementary Figure S3).
As the age increased, the burden of suicide mortality increased
and peaked at the age of 20-24. A total of 63,237 (56%) death
cases occurred in 20-24 years young adults, which accounted for
4,275,913 (54%) YLLs in 2021.

Global trends by SDI

The mortality of suicide by SDI quintiles all showed a declining
trend from 1990 to 2021 (Table 1, Figure 1). The largest downward
mortality was observed in the high-middle SDI region (AAPC:
—-2.3 [-2.7 to —1.8]), which caused the lowest suicide mortality
in 2021 (4.4 per 100,000 population [4.1-4.7]). Meanwhile, the
low-middle SDI region had the highest suicide mortality (7.8 per
100,000 population [6.9-8.6]). The high SDI region had the lowest
rate of decline (AAPC: —0.3 [-0.6 to 0]), where the suicide mortal-
ity (7.6 per 100,000 population [7.4-7.8]) was second only to the
low-middle SDI region in 2021. In terms of the number of deaths
by suicide, a significant increase in the high-middle SDI region
occurred during the study period (death cases in 1990: 24,835
[20,997-26,932]; death cases in 2021: 28,914 [26,624-31,574]).
Low-middle SDI region caused the most number of suicide deaths
(43,131 [37,967-47,490]) and accounted for 3,024,640 (38.2%)
YLLs in 2021.

Regional trends

The mortality of suicide decreased across most regions from 1990
to 2021, with a significant increase observed only in Central Latin
America (AAPC: 1.7 [1.1-2.3]), Tropical Latin America (AAPC:
1.5 [0.9-2.0]), High-income Asia Pacific (AAPC: 1.2 [0.7-1.7])
and Southern sub-Saharan Africa (AAPC: 0.8 [0.4-1.2]). The
largest decrease was observed in East Asia (AAPC: —4.3 [-4.7 to
—4.0]) (Table 1). A similar pattern was observed for the AAPC
of the rate of YLLs. Southern sub-Saharan Africa had the high-
est suicide mortality (10.5 per 100,000 population [8.6-12.5]),
and Western sub-Saharan Africa had the lowest (2.7 [2.0-3.5])
in 2021. In terms of trends in suicide mortality, the most dra-
matic changes occurred in Eastern Europe, where two sharp
increases were experienced before 2001 (APC in 1990-1994:
13.7 [10.7-16.9], APC in 1994-2001: 2.3 [0.5-4.1]), thus result-
ing in high-level suicide mortality (9.7 per 100,000 population
[8.8-10.5]) in 2021. The region that caused the most suicide deaths
was South Asia (52,159 [46,504-57,787]), which brought about
3,654,785 [3,261,969-4,057,141] YLLs and accounted for 49.8% of
the total YLLs in 2021.

National trends

From 1990 to 2021, a total of 105 countries experienced a signifi-
cant decrease in mortality and rate of YLLs. The fastest descent rate
of suicide mortality was observed in China (AAPC: —4.5 [-4.8 to
—4.1]), Cuba (AAPC: —3.9 [-5.6 to —2.1]), Luxembourg (AAPC:
-3.9 [-6.2 to —1.5]), Serbia (AAPC: -3.9 [-4.7 to —3.0]) and
Slovenia (AAPC: —3.8 [-4.5 to —3.1]) (Figure 2B, Supplementary
Table S2). Besides, 29 countries experienced a significant increase
in suicide mortality and the rate of YLLs. The most substantial
increase in suicide mortality was observed in Mexico (AAPC: 2.8
[2.3-3.3]), Lesotho (AAPC: 2.7 [2.3-3.1]), Zimbabwe (AAPC: 2.6
[2.0-3.2]), Argentina (AAPC: 2.3 [1.4-3.1]) and Uruguay (AAPC:
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2.2 [1.7-2.7]). In 2021, the country with the lowest suicide mor-
tality was Jamaica (0.5 per 100,000 population [0.4-0.7]), and the
highest was Greenland (43.3 per 100,000 population [33.3-51.3]).
Alarmingly, half of the 30 countries with the highest global sui-
cide mortality were from Oceania, even though Oceania did not
have a high suicide mortality in 2021 (5.1 per 100,000 population
[4.1-7.1]) (Figure 2A, Supplementary Table 1). Deaths from sui-
cide in India (44,616 [38,126-49,874]), United States of America
(6,697 [6,445-6,937]) and China (6,582 [5,419-8,340]), as the
most populous countries, together constituted 57,895 of global
10-24 years population suicide death cases in 2021, which brought
about 4,053,355 YLLs and accounted for 51.2% of total YLLs.

Association with SDI

Figure 3 shows the observed versus the expected mortality
attributable to suicide based on SDI at the regional level from 1990
to 2021. Generally, the patterns observed vary widely across sexes
and regions. Suicide mortality showed a decreasing trend accord-
ing to SDI in some regions, whereas others showed increasing
rates or did not have monotonic associations with SDI (Figure 3C).
In males, suicide mortality was positively correlated with SDI
(Figure 3A). Among these regions, Southern sub-Saharan Africa
and Eastern Europe had notably higher mortality than expected
based on their SDIs from 1990 to 2021. In females, suicide mortal-
ity was inversely associated with SDI, and the observed mortality
was higher than expected globally (Figure 3B). South Asia and
Central Asia had higher observed mortality than expected rates.
Supplementary Figure S17 shows the observed versus expected
mortality at the national level based on SDI values in 2021, and
a large variation between countries related to SDI was observed.
Countries with low SDI remained low mortality rates, and when
SDI increased to low-middle and high-middle levels, a much
higher than expected suicide mortality rate was observed in cer-
tain countries (e.g. Zimbabwe, Greenland and Nauru). Meanwhile,
there was no clear association between SDI and suicide mortality.
A similar pattern was observed for the rate of YLLs associated with
SDI (Supplementary Figure S16, S18).

Age, period and cohort effects on suicide mortality

Age, period and cohort effects by SDI

Figure 4 demonstrates the age, period and cohort effects of mor-
tality derived from the age, period and cohort model in global and
all SDI regions. Generally, the mortality of suicide declined across
all SDI regions (Figure 4A). Males in low, high-middle and high
SDI regions had higher suicide mortality than females and were
consistent with the global trend. In the low-middle SDI region,
mortality in females declined significantly faster than in males, thus
in 2014, the mortality in females started to lag males and remained
at a lower rate till 2021. In the middle SDI region, suicide mor-
tality for males and females was initially roughly equal in 1990,
but as time continued, mortality in females became progressively
lower than in males, and the gap continued to widen till 2021.
All SDI regions reveal similar age effects that the risk of suicide
mortality increased with increasing age (Figure 4B). Males showed
a significantly higher risk of age effect compared with females,
but in the low-middle SDI region was the opposite. Period effects
presented a downward risk of suicide mortality across different
SDI quintiles during the study period (Figure 4C). In the high
SDI region, the risk of females remained nearly constant over the
past three decades (period effect in 2017-2021: 1.06 [1.00-1.12]),
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A Mortality of suicide aged 10-24 years in 2021 (per 100,000 population)

B AAPC in mortality of suicide aged 10-24 years from 1990 to 2021

indicating little improvement in suicide mortality across the study
period. Regarding cohort effects, a continuous decline risk of mor-
tality was observed in most SDI regions, except in high SDI region
(Figure 4D). Notably, in the high SDI region, the cohort risk did
not change significantly for males (cohort effect in 2002-2011:
0.9 [0.8-1.0]) but increased slightly for females (cohort effect in
2002-2011: 1.3 [1.1-1.5]). The suicide mortality trend from 1990
to 2021, and its age, period and birth cohort effects for each region
and country were shown in Supplementary Tables S19-S42.

Age, period and cohort effects in exemplary countries

Figure 5 presents the age, period and birth cohort effects based on
AAPC values for the five fastest-declining and five fastest-rising
countries. Generally, age effects showed the same pattern in the
vast majority of countries: the risk of suicide mortality increased
with age, and the risk for males was higher than for females, except
for China listed in the figure. Specifically, no significant difference
was observed in age effect between males and females in China.
The five countries with the fastest declines in AAPC showed trends
in period and cohort effects remained nearly identical, with both
declining extremely rapidly and continuously. Notably, in China,
the risk of period effect in females declined faster than in males,
which was different from the other countries.
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Figure 2. Global map of mortality of suicide in 2021 (A) and
AAPC in mortality of suicide (B) in 10-24 years population from
1990 to 2021.

Among the five countries with the fastest rising AAPC, all
countries fluctuated upward with increasing years. Besides, suicide
mortality rose significantly faster for males than for females, lead-
ing to a widening of the sex gap in suicide mortality as time going.
The upward trends in period and cohort effects were slightly dif-
ferent in these five countries. Specifically, both period and cohort
effects rose continuously in Mexiko and Letoso. The risk of period
effect in Zimbabwe for females rose significantly in the 2002-2021
timeframe, but the risk for males remained stable at the same time.
Both Argentina and Uruguay, as high-middle SDI region coun-
tries, had hugely different trends in period and cohort effects. In
Argentina, the period effect rose first, then fell, like an inverted V’
shape, while the effect in Uruguay showed a positive ‘V’ structure.
The cohort effect in Argentina increased continuously from 1967
to 2011, while in Uruguay, it showed a rising and then falling trend.

Discussion

To our knowledge, this is the first study to describe the burden and
trends of suicide mortality and YLLs among adolescents and young
adults aged 10-24 years, from 1990 to 2021, at global, regional
and national levels. Although the suicide mortality and rate of
YLLs decreased significantly globally across sexes and age groups,
obvious variability was observed across regions and countries.
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Figure 3. Trends for mortality of suicide among 21 regions by SDI for males (A), females (B), and both sexes (C) in 10-24 years population combined from 1990 to 2021 Black

line represents the expected mortality based on SDI in all locations.

Low-middle SDI region had the highest burden of suicide mor-
tality and death cases in 2021. In the high SDI region, a more
unfavourable mortality risk was shown in period and cohort effect,
especially in females. Regionally, the suicide mortality trends in
Central Latin America, Tropical Latin America, High-income Asia
Pacific and Southern sub-Saharan Africa increased fast. Countries
with extreme anomalies in suicide mortality and the rate of YLLs
were mostly concentrated in low-middle, middle and high-middle
SDI regions. A total of 29 countries had a significant upward
trend in suicide mortality and the rate of YLLs over the past three
decades.

In the nearly three decades since 1990, there has been a signif-
icant downward trend in suicide mortality and the rate of YLLs
among adolescents and young adults globally. Global suicide mor-
tality showed the most rapid decline in 2012-2015. This may be
due to the effective support and guidance provided by WHO and
the United Nations for the implementation of national suicide
prevention initiatives. In 1996, the WHO issued national strate-
gies and guidelines for suicide prevention (UN. Department for
Policy Coordination and Sustainable Development, 1996). In 2013,
WHO promulgated the Comprehensive Mental Health Action Plan
2013-2020 (Saxena et al., 2013), which set a goal of reducing global
suicide mortality by 10% between 2012 and 2020. Subsequently, in
2014, WHO released its first World Suicide Report (Fleischmann
and De Leo, 2014). These initiatives contributed to a positive
worldwide response to suicide as a serious public health problem.
Additionally, we observed no significant increase in global suicide
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mortality occurred between 2019 and 2021, implying that COVID-
19 did not seem to have an impact on suicide risk in adolescents
and young adults worldwide. However, given the short observation
period since the pandemic, this may require more time to observe
the potential impact of the COVID-19 pandemic on suicide among
adolescents and young adults.

There was a huge disparity in the mortality of suicide in males
and females. Although the burden of suicide mortality in females
fell nearly twice as fast as in males, males had higher mortality and
accounted for the majority of death cases in 2021. This finding is
broadly consistent with previous research (Naghavi, 2019), which
may involve a ‘sex paradox’ (Brokke et al., 2022). Despite the preva-
lence of suicidal ideation and planning is higher in females (Nock
et al., 2008; Voss et al., 2019), males tend to be more impulsive
and aggressive, choosing more lethal methods of suicide, such as
using a gun or jumping from a building (Brokke et al., 2022; Nock
and Kessler, 2006), which results in a higher suicide mortality in
males. However, this is not applicable in all regions. For example,
South Asia is the only region where suicide mortality for females
was consistently higher than for males regionally, perhaps because
of the pessimistic sex inequality in females (e.g. child marriage,
malnutrition, low levels of education) (Fan and Koski, 2022; Levy
et al., 2020; World Economic Forum, 2023). Therefore, sex-specific
interventions and management of suicide are needed in different
regions.

We found the mortality of suicide rose with the increas-
ing of age. The lowest decline in mortality was observed in
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Figure 4. Age, period, and cohort effects on suicide mortality aged 10-24 years in global and 5 SDI regions (A) showed the trends in suicide mortality from 1990 to 2021. Age
effects of mortality (B) are illustrated by the fitted longitudinal age-specific rates for a given number of birth cohorts adjusted for period deviations. Period effects of
mortality (C) are illustrated by the period relative risk of mortality (mortality rate ratio) and calculated as the ratio of age-specific rates from 1992-1996 period to 2017-2021
period, with the reference period set at 1992-1996. Birth cohort effects of mortality (D) are illustrated by the cohort relative risk of mortality (mortality rate ratio) and
calculated as the ratio of age-specific rates from 1967-1976 cohort to 2002-2011 cohort, with the reference cohort set at 1977-1986. The shaded areas indicate the

corresponding 95% Cls of each point estimate.

20-24-year-old young adults, and about half of the death cases in
the 10-24-year-old population were concentrated in this age group.
We generally agree that the incidence of suicide increases with time
during adolescence, peaks in late adolescence, and finally stabi-
lizes in early adulthood (Boricevi¢ MarSanic et al., 2022; Hawton
et al., 2012). Given the increase in drug and alcohol abuse among
young people, and their greater vulnerability to social deprivation
and stressful life events (Bridge et al., 2006; Kim et al., 2019), as well
as the fact that intervention policies tend to focus on the underage
population (Feiss et al., 2019), it is not surprising that the suicide
mortality was higher in 20-24 years age group. Therefore, more
attention should be paid to the risk of suicide as young people grow
in age.

The characteristics of the suicide mortality burden among ado-
lescents and young adults varied by different SDI quintiles. Despite
the overall decline of mortality in low SDI region, the majority of
low SDI countries come from Africa, where mental health remains
vulnerable in certain countries due to insufficient investment in
mental health services (World Health Organization, 2022). Over
the past three decades, suicide mortality has remained at the high-
est levels and resulted in the greatest number of death cases in
low-middle SDI region. High suicide mortality may be related to
socio-economic status and income, with lower socio-economic
status increasing the likelihood that individuals will commit and
attempt suicide (Knipe et al., 2015). Furthermore, the prevalence
of communicable diseases and poor social health services are also
important causes. Middle and high-middle SDI regions had the
fastest decline rate in suicide mortality. Interestingly, some coun-
tries with the fastest rising mortality rate (Mexico, Argentina and
Uruguay) or extremely unusual suicide mortality (Nepal, Guyana,
e.g.) also came from middle and high-middle SDI region. This
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suggests the changes in national suicide mortality in middle and
high-middle SDI regions show a multipolar trend. Moreover, there
was a significant increase in suicide death cases among the 10-24-
year-old population in the high-middle SDI region, which may
be related to the population growth (United Nations, 2024) and
the increase in the number of countries in the high-middle SDI
region (GBD 2021 Diseases and Injuries Collaborators, 2024). The
suicide mortality in the high SDI region was second only to the low-
middle SDI region and had the slowest reduction of mortality rate.
One possible explanation is that being more developed and indi-
vidualistic societies, economically developed regions may be more
competitive and stressful (Barbalat and Franck, 2020; Diickers
et al., 2019). Mental disorders and self-harming behaviours are
significant contributors to the disease burden among young peo-
ple in high-income countries (GBD 2017 Child and Adolescent
Health Collaborators, 2017; Mokdad et al., 2016). Besides, peo-
ple in high-income regions with mental and behavioural disability
issues may be less stigmatized, thus increasing rates of detec-
tion and reporting of suicide (Diickers and Brewin, 2016). We
also found the age and period effect in female suicide mortality
exhibited unfavourable trends in high SDI region, which is corre-
lated with the increase of female suicide mortality in some coun-
tries such as the United States of America, Australia and Canada.
Another reason is that in the high SDI region, the burden of dis-
ease for anxiety and depression grows faster for females (Li et al.,
2022; Xiong et al., 2022), thus increasing the likelihood of suicide in
females.

Regionally, Central Latin America, Tropical Latin America,
High-income Asia Pacific and Southern sub-Saharan Africa had a
rapid upward suicide mortality trend. In Latin America, low socio-
economic status and natural disasters had an impact on the mental
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Figure 5. Age, period, and cohort effects on exemplary countries by the five fastest declining and rising AAPC values Mortality trends shows trends of mortality in both
sexes, males, and females from 1990 to 2021. Age effects of mortality are illustrated by the fitted longitudinal age-specific rates for a given number of birth cohorts adjusted
for period deviations. Period effects of mortality are illustrated by the period relative risk of mortality (mortality rate ratio) and calculated as the ratio of age-specific rates
from 1992-1996 period to 2017-2021 period, with the reference period set at 1992-1996. Birth cohort effects of mortality are illustrated by the cohort relative risk of mortality
(mortality rate ratio) and calculated as the ratio of age-specific rates from 1967-1976 cohort to 2002-2011 cohort, with the reference cohort set at 1977-1986. The shaded

areas indicate the corresponding 95% Cls of each point estimate.

health of children and adolescents (Duarte et al., 2003). Mental
health treatment gaps are also a significant problem, and the treat-
ment gap for severe mental disorders in children and adolescents
is more than 50% (Kohn et al., 2018). In Southern sub-Saharan
Africa, bad weather, social stigma and religious culture are the
important reasons for high suicide mortality (Jidong et al., 2024).
Economic uncertainty and higher academic pressure (Goto et al.,
2024; Lee et al., 2020) contributed to the rising suicide mortality
among young people in High-income Asia Pacific. East Asia had
the fastest declining suicide mortality, which could be attributed
to the favourable decline in suicide trends in China. Fluctuating
changes in suicide mortality in Eastern Europe may be due to the
privatization of communism and the economic crisis (K6lves et al.,
2013; Mikinen, 2006). Furthermore, despite the decline in suicide
mortality in South Asia is not negligible, the burden of suicide
from his large population remains heavy. More mental health ser-
vices should be implemented to continue to reduce the number
of suicides and improve the well-being of young people in these
regions.

Nationally, suicide mortality increased in 29 countries and
decreased in 105 countries significantly from 1990 to 2021. The
five countries with the fastest declines in suicide mortality have
all experienced improved economic conditions, upgraded health
services, and positive cultural and social evolution (Corona-
Miranda et al., 2018; Ilic and Ilic, 2022; Zhang et al., 2014). In
contrast to the five fastest declining countries, poor economic
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climate, political turmoil and raging AIDS epidemic increased the
burden of mental disorders and risk of suicide in Lesotho and
Zimbabwe (Kabir et al., 2023; Kidia et al., 2017). The poor suicide
mortality trend in Mexico may be due to the unequal distribu-
tion of mental health resources and the slow growth of community
services (Carmona-Huerta et al., 2021). Political instability and
economic difficulties are important reasons for the increase in
suicide mortality in some Latin American countries (Argentina,
Uruguay, e.g.) (Davila-Cervantes, 2022). Taken as a whole, these
patterns reflected the complex interplay of country-specific fac-
tors on suicide. Despite strong global efforts to reduce suicide
mortality globally, the mortality gap between countries remained
large in 2021, which ranged from 0.51 per 100,000 population
in Jamaica to 43.29 per 100,000 population in Greenland. Most
strikingly, half of the 30 countries with the highest global suicide
mortality were from Oceania, which may be related to substance
abuse among local young people (Peltzer and Pengpid, 2015).
Therefore, there are complex social, economic, cultural and indi-
vidual mental health issues behind the rising suicide mortality
among adolescents and young adults. Suicide prevention needs to
take these factors into account by strengthening measures such
as mental health education, provision of effective mental health
services, alcohol/substance management and improvement of the
economic situation, to reduce the rate of suicide among young
people and to enhance the overall level of mental health of the
society.
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The present study still has certain limitations that need to be
acknowledged. Firstly, raw data on suicide mortality are lacking
in parts of the world, so mortality estimates for these countries
are composed of modelling results from specific suicide models
derived from data from other countries, this uncertainty may affect
the accuracy of estimates of age, period and birth cohort effects.
Furthermore, suicide is often under-reported, or miscoded for
reasons of stigma, and although GBD has adjusted for this mis-
coding, the low suicide rate should be interpreted with caution.
Additionally, we did not conduct further analysis of the subtypes
of suicide, in GBD, the method of suicide is further divided into
‘firearm’ and ‘by other specified means, detailed analysis of the
subclassification data can better understand the prevalence char-
acteristics of suicide methods in different regions, which should be
further investigated in subsequent studies.

Conclusion

This study provides comprehensive estimates of suicide mortal-
ity and YLLs among adolescents and young adults by age, sex,
SDI quintiles, region and country, and explores the age, period
and cohort effects of suicide mortality from 1990 to 2021. The
study found suicide mortality and rate of YLLs among adolescents
and young adults decreased significantly globally in the past three
decades, but trends were not consistent across sexes, regions, and
countries. Therefore, an urgent need is required to scale up men-
tal health services and to designate region-specific and sex-specific
policies to screen for suicidal behaviour among adolescents and
young adults. More importantly, the study also gives new insights
into suicide trends after the COVID-19 pandemic. Despite the pan-
demic did not impact suicidal behaviour among young people in
this short time, the long-term effect cannot be ignored in the future.
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