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Abstract

Background We aimed to evaluate the potential independent and interactive associations of tobacco and alco-
hol use with suicide ideation, plan, and attempt among adolescents, and the role of legal purchase age restrictions
among these associations.

Methods A pooled cross-sectional analysis was conducted with data from the Global School-based Student Health
Survey (GSHS) (2013-2019), the US Youth Risk Behavior Surveillance System (YRBSS) (2021), and a Chinese school-
based health survey (2017). Self-reported use of tobacco and alcohol during the past 30 days, and suicide ideation,
plan, and attempt during the past year, were collected from questionnaires. Country-level purchase age restrictions
on tobacco and alcohol products were obtained from official government websites.

Results Among the 211,022 adolescents from 58 countries, 46.7% were boys. Compared with adolescents who
used neither tobacco nor alcohol, those who used both tobacco and alcohol had the highest odds of suicide idea-
tion (boys: 2.42 [95% Cl: 2.25-2.61]; girls: 3.19 [95% Cl: 2.98-3.40]; P yitrerence < 0.001), suicide plan (boys: 2.39 [95% Cl:
2.21-2.58]; girls: 3.33 [95% Cl: 3.11-3.57]; P gitrerence < 0.001), and suicide attempt (boys: 3.24 [95% Cl: 3.00-3.51]; girls:
4,03 [95% Cl: 3.75-4.33]; P itterence < 0.001). In countries with higher suicide plan prevalence, boys who use tobacco
and who live in countries with tobacco purchase age restrictions had lower odds of suicide plan (1.86 [95% Cl:
1.64-2.12]) than those who lived in countries without restrictions (2.81 [95% Cl: 2.32-3.42]). Similarly, girls who use
tobacco and who live in countries with legal age purchase restrictions displayed lower odds of suicide plan (2.20 [95%
Cl: 1.98-2.45]) compared to those who live in countries without restrictions (4.61 [95% Cl: 3.65-5.83]). However, our
study revealed no subgroup differences in whether countries have legal tobacco or alcohol purchase age restrictions
in association with suicide ideation, plan, and attempt risk in countries with a lower prevalence of suicide behaviors.
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Conclusions Tobacco and alcohol consumption are strongly associated with the risk of suicide behaviors
among adolescents, particularly among girls. Country-level tobacco control strategies may have the potential
to reduce risks of suicide behaviors associated with tobacco use among adolescents.

Keywords Adolescent health, Global health, Suicide behavior, Tobacco use, Alcohol use, Health policy

Background

Suicidal behaviors, including ideation, plan, and attempt,
are the leading cause of death and disability among ado-
lescents worldwide [1]. The Sustainable Development
Goals (SDGs) emphasize the importance of ensuring
healthy lives and promoting well-being for all ages, set-
ting the target (Target 3.4) to reduce premature mortality
from non-communicable diseases and promote mental
health and well-being by one-third by 2030 [2]. Reduc-
ing suicidal behaviors is crucial for preventing prema-
ture deaths and achieving this target among adolescents
and young people. However, as we approach the halfway
mark to the 2030 goals, the global situation remains far
from satisfactory and may be exacerbated by the ongo-
ing impact of the pandemic [3, 4]. Suicide ideation, plan,
and attempt share common risk factors, and recogniz-
ing these shared risk factors is crucial for implementing
more effective suicide control strategies across diverse
populations [5, 6].

Suicide behaviors are affected by a wide range of soci-
odemographic, psychiatric, physical, and other influ-
ences [7]. Among various risk factors, substance use,
particularly tobacco and alcohol use, has been identified
as a significant contributor to suicidal behaviors in ado-
lescents from both high-income and low/middle-income
countries [8, 9]. Recent studies have shown that tobacco
and alcohol use are highly prevalent among adolescents
and are often associated with an increased risk of sui-
cidal behaviors [10]. For instance, a cross-sectional study
from China and the USA in 2017 reported that adoles-
cents aged 7 to 12 years who reported cigarette and alco-
hol use were more likely to be at risk for suicidal ideation
and attempts [11]. Another large-scale study in the USA
in 2019 reported that adolescents inpatients aged 12 to
18 years with alcohol use disorders were at 18% higher
odds of suicide-related hospitalization [12]. Despite these
findings, there is a substantial research gap regarding the
global perspective on the associations between these sub-
stances and suicidal behaviors [13]. Most existing studies
are region-specific and do not provide a comprehensive
analysis of these associations across different countries.

In many countries, policies have been developed to
establish and increase legal purchase age restrictions (the
minimum age at which individuals are allowed to buy
such products) on alcohol and tobacco products, in order
to decrease the health damage directly related to them,

such as substance independence, injuries, and of course
suicidal behaviors [14—16]. A meta-analysis suggested
that interventions limiting alcohol use led to a reduction
in self-harm suicide attempts in adolescents [17]. Studies
in the USA have reported that increasing the minimum
age for alcohol consumption is associated with a lower
suicide rate among adolescents. These findings suggest
that alcohol-related restrictions should be prioritized,
especially when tobacco and alcohol use coexist, to
reduce the risk of suicide [18, 19]. However, the findings
of these studies do not sufficiently elucidate the associa-
tions between tobacco and alcohol use and various sui-
cide ideation, plan, and attempt across different countries
globally, nor do they explore the potential interactions
between these factors. Additionally, few studies have
investigated the applicability of policy interventions for
reducing the risk of substance-related suicide behav-
iors, especially from a global perspective [20]. It remains
unclear whether these policies are positively related to
a decreased risk of suicidal behaviors associated with
tobacco and alcohol use, and the consistency of these
policies’ effectiveness across different population groups
also warrants discussion. More importantly, although it
is well known that girls and non-Hispanic adolescents
are more affected by these issues compared to boys and
Hispanic adolescents [21, 22], it remains unclear whether
they benefit equally from these policies.

To bridge these knowledge gaps, we examined the inde-
pendent and interactive associations of tobacco and alco-
hol use with suicide ideation, plan, and attempt among
adolescents using data from a pooled school-based sur-
vey of 211,022 adolescents from 58 countries, and further
investigated whether the presence of legal purchase age
restrictions on tobacco and alcohol use could reduce the
risk of suicide ideation, plan, and attempt associated with
tobacco and alcohol use among adolescents.

Methods

Study population and survey design

We performed a pooled analysis of data from three pre-
existing surveys that all employed a cross-sectional
design and utilized a similar stratified multistage sam-
pling method, along with consistent data curation pro-
cedures [23], including the US Youth Risk Behavior
Surveillance System (YRBSS) in 2021, the Global School-
based Student Health Survey (GSHS) from 2013 through
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Global School-based Student Health Survey (GSHS)
(2013-2019)
Pooled sample size: 218,543

US Youth Risk Behavior Surveillance System (YRBSS)
(2021)
Pooled sample size: 17,232

Chinese school-based health survey
(2017)
Pooled sample size: 12,288

Individuals without:

Individuals without:
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Fig. 1 Diagram of participant inclusion process for analysis

the most recent, and a school-based student health sur-
vey conducted in Jiangxi and Jiangsu Provinces of China
in 2017. Analysis of deidentified secondary data did not
involve an ethical review of human subjects.

The US adolescent data were derived from the YRBSS,
which was established in 1991, and aims to monitor six
categories of priority health-risk behaviors among young
people and adolescents [23], and the latest YRBSS data
can be accessed freely from the Centers for Disease Con-
trol and Prevention of the USA at https://www.cdc.gov/
healthyyouth/data/yrbs/data.htm [24].

The GSHS is a collaborative surveillance project
designed to help countries measure and assess behavioral
risk factors and protective factors in 10 key areas among
adolescents aged 12 to 17. The system has generated
comparable data across countries. More than 100 coun-
tries worldwide have conducted at least one round of
GSHS [25, 26]. The GSHS followed a two-stage sampling
design in each of the surveyed countries. In the first stage,
schools were randomly selected from a list of all schools
in a country with a probability proportional to the num-
ber of students enrolled. In the second stage, classes
were randomly selected within schools using a random-
start systematic equal probability sampling method [27].
GSHS data were collected through self-administered
questionnaires with a standardized methodology. The

raw data from the GSHS can be downloaded freely from
the World Health Organization website (http://www.
who.int/ncds/surveillance/microdata) [26, 28]. Specifi-
cally, we selected data from countries where the survey
was conducted between 2013 and the most recent availa-
ble year. All countries with available data on tobacco and
alcohol use, and suicide ideation, plan, and attempt, were
included. If a country conducted more than one survey
during the period, the latest survey data were included in
the cross-sectional analysis.

The Chinese school-based student health survey was
carried out by the Centers for Disease Control and Pre-
vention in Jiangxi and Jiangsu Provinces, aligned with
the methodology of the GSHS, and was gathered in 2017.
The two provinces were selected based on their geogra-
phy, gross domestic product (GDP), average standing
within China, and Han Chinese population, with one
representing coastal areas and inland areas to ensure they
are broadly representative.

In this study, 211,102 adolescents aged 12 to 17 years
from 58 countries were recruited. The participant inclu-
sion process from each data source is displayed in Fig. 1.

Exposure variables
The main exposure variables were self-reported use of
tobacco products during the past 30 days (yes/no), and
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self-reported alcohol intake during the past 30 days (yes/
no). Tobacco use was assessed using two questions: “Dur-
ing the past 30 days, on how many days did you smoke
cigarettes?” and “During the past 30 days, on how many
days did you use any tobacco products other than ciga-
rettes?”. Alcohol use was assessed via the following ques-
tion: “During the past 30 days, on how many days did you
have at least one drink containing alcohol?”. The ques-
tionnaire details and definitions of exposure are displayed
in Additional file 1: Table 1.

Country-level legal purchase age restrictions on
tobacco products and alcohol were collected from official
national websites or from the World Health Organization
(see details from the Additional file 1: supplementary
methodology). We recorded whether the countries (or
territories) had legal purchase age restrictions at the time
when the data were collected, as well as the specific age.
The details of countries with or without such restrictions
are displayed in Additional file 1: Tables 2 and 3. Regard-
ing legal purchase age restrictions for tobacco use, 49
countries have purchase age restrictions, 6 countries have
no purchase age restrictions, and 3 countries have no rel-
evant information. As for legal purchase age restrictions
for alcohol use, data from the Global Information System
on Alcohol and Health (age limits for on-premise service
of beer, wine, and spirits) available at https://www.who.
int/data/gho/data/indicators/indicator-details/ GHO/
age-limits-on-premise-service- indicates that 48 coun-
tries have purchase age restrictions, 7 countries have no
purchase age restrictions, and 3 countries have no rele-
vant information.

Outcome assessments

Three suicide-related variables, namely suicide idea-
tion, suicide plan, and suicide attempt during the past
12 months, were applied as binary variables (yes or no).
Additionally, suicide ideation, plan, and attempt rep-
resent stages of suicide behavior, ranging from think-
ing about suicide without action, to forming a specific
method for it, and finally engaging in behaviors with the
intent to end one’s life. Questionnaire details and defini-
tions of the outcomes were displayed in Additional file 1:
Table 1. A sample size of each country and the prevalence
of suicide ideation, suicide plan, and suicide attempt are
shown in Additional file 1: Table 4. Since prior research
evidence suggests that policies are not uniformly effec-
tive across regions with different suicide behavior prev-
alence rates [29], in stratified analysis, countries were
categorized as having low prevalence or high prevalence
rates, on the basis of the country-level median preva-
lence of suicide ideation, plan, and attempt, respectively,
to explore the potential effect of age restrictions on alco-
hol and tobacco purchases on the risk of suicide ideation,

Page 4 of 16

plan, and attempt associated with them. The prevalence
rates of tobacco and alcohol use with or without legal
purchase age are shown in Additional file 1: Tables 5 and
6.

Covariates

The main confounding factors of interest included indi-
vidual demographic characteristics, lifestyle factors,
mental well-being, and country-based sociodemographic
factors. The demographic characteristics included self-
reported age, sex (either boy or girl), and body mass
index (BMI). BMI was calculated from self-reported
height and weight at survey time and was converted to
z scores according to the World Health Organization
(WHO) growth reference [30]. Lifestyle factors included
physical activity and sedentary behavior habits [31].
Physical activity was defined as the number of days with
at least 60 min of vigorous or moderate physical activity
during the past week. Physical inactivity was defined as
hours of sedentary behavior on a typical day (less than
1h;1to2h;3to4h;5to6h;7to8h; more than 8 h).
Mental health indicators included the self-reported pres-
ence of feeling lonely (yes/no) and feeling worried (yes/
no) during the past 12 months. The country-level Socio-
demographic Index (SDI) for the survey year, represent-
ing social and economic development, was obtained from
the Global Burden of Diseases study (https://www.healt
hdata.org/research-analysis/gbd).

Statistical analysis

The demographic and behavioral characteristics of the
study population were summarized using descriptive sta-
tistics. For continuous variables, we reported the mean
and standard deviation (SD), and for categorical vari-
ables, we provided the frequency (proportion). The prev-
alence of tobacco and alcohol use among adolescents in
58 countries between 2013 and 2021 was displayed with
a world map.

Then, binary logistic regression models were applied to
analyze the independent associations of tobacco and alco-
hol use with suicide ideation, plan, and attempt adjusting
for age, body mass index, country, insufficient physical
activity (yes/no), long sedentary behavior (yes/no), sur-
vey weight, feeling lonely during the past 12 months (yes/
no), feeling worried during the past 12 months (yes/no),
and SDI. Additionally, we employed logistic regression
models to further assess the interactive associations of
tobacco and alcohol use with suicide ideation, plan, and
attempt, where the exposure variables were categorized
on the basis of the combination of tobacco and alcohol
use: neither tobacco nor alcohol use (as the reference
group), tobacco use only, alcohol use only, and both
tobacco and alcohol use. Models were adjusted for age,
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BM]I, country, insufficient physical activity (yes/no), long
sedentary behavior (yes/no), survey weight, feeling lonely
during the past 12 months (yes/no), feeling worried dur-
ing the past 12 months (yes/no), and SDI. With an ICC
below 0.05, the influence of “country” on the variance in
suicide ideation/plan/attempt is minimal, indicating that
the “country” variable should be adjusted as a fixed effect,
without using a random effects model [32]. The sex dif-
ferences in each group were examined using the Wald
test [33].

To analyze whether the purchase age restrictions played
similar roles for both sexes and in countries with differ-
ent suicide behavior risk (low or high, based on the coun-
try-level prevalence of each suicide behavior), the above
analyses were conducted by sex and by country-level risk
of suicide ideation, plan, and attempt. Participants were
divided into four groups: participants who do not use
tobacco (or alcohol) from countries without purchase
age restrictions (reference group), tobacco (or alcohol)
users from countries without purchase age restrictions,
participants who did not use tobacco (or alcohol) from
countries with purchase age restrictions, and tobacco (or
alcohol) users from countries with purchase age restric-
tions. To analyze whether the purchase age restrictions
played similar roles for both sexes and in countries with
different suicide behavior risk (low or high, based on the
country-level prevalence of each suicide behavior), the
above analyses were conducted by sex and by country-
level risk of suicide ideation, plan, and attempt. Models
were adjusted for age, BMI, insufficient physical activ-
ity (yes/no), long sedentary behavior (yes/no), survey
weight, feeling lonely during the past 12 months (yes/no),
feeling worried during the past 12 months (yes/no), and
SDI. The countries without available information on pur-
chase age restrictions (Curacao, Mozambique, and Toke-
lau for tobacco products; Anguilla, Curacao, and Bahrain
for alcohol) were not included in this part of the analysis.

Sensitivity analysis

Several sensitivity analyses were conducted. Firstly, we
conducted a two-step random-effects meta-analysis to
evaluate the association between the independent asso-
ciations of tobacco and alcohol use with suicide idea-
tion, plan, and attempt based on different countries. In
the first step, we performed binary logistic regression
models to calculate the effect estimates for each coun-
try, adjusting for age, BMI, insufficient physical activ-
ity (yes/no), long sedentary behavior (yes/no), survey
weight, feeling lonely during the past 12 months (yes/
no), and feeling worried during the past 12 months
(yes/no). In the second step, a random effects meta-
analysis was further performed to analyze the overall
pooled estimated odds among the total participants as
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well as boys and girls. Secondly, to examine whether
the frequency of tobacco and alcohol use contrib-
uted to higher odds of suicide ideation, plan, and
attempt, interactions between tobacco and alcohol
use on suicide ideation, plan, and attempt were con-
ducted in those with moderate tobacco and alcohol
users (1-5 days during the past month) and with fre-
quent users (more than 5 days during the past month),
respectively. Thirdly, countries with purchase age
restrictions were further divided into two groups based
on the age limit (>18 years old or<18 years old) to
examine whether the restrictions that did not cover the
entire study population (ages 12 to 17) were associated,
to some extent, with a reduced odds of suicide ideation,
plan, and attempt.

To obtain nationally representative results, sam-
pling weights were taken into consideration (except
for China, which did not include weight in the origi-
nal design). All of the analyses were conducted for the
overall participants and by sex group. All the statisti-
cal analyses were performed with R (version 4.3.1).
Two-sided P values<0.05 were considered statistically
significant.

Results

Participant characteristics

A total of 211,022 adolescents (46.7% boys) from 58
countries were included in our analysis. The demo-
graphic and behavioral characteristics of the par-
ticipants are displayed in Table 1. In total, the pooled
prevalence rates for suicide ideation, plan, and attempt
were 14.9%, 13.5%, and 11.1%, respectively. Among
participants who used tobacco, the pooled prevalence
rates of suicide ideation, plan, and attempt were 34.4%,
33.7%, and 36.9%, respectively, for boys, and 27.4%,
27.1%, and 29.0%, respectively, for girls. Among par-
ticipants who used alcohol, the pooled prevalence of
suicide ideation, plan, and attempt were 40.6%, 39.4%,
and 41.7% in boys, and 42.7%, 42.8%, and 42.7% in girls,
respectively.

The prevalence of tobacco and alcohol use across 58
countries is depicted in Additional file 1: Fig. S1. Among
all the participants, 16.1% reported tobacco use within
the past 30 days. The percentage of the population
engaged in current tobacco use varied from 3.1 to 34.9%,
with Lebanon having the highest prevalence and Cam-
bodia having the lowest. Boys generally presented higher
percentages than girls did. Similarly, the percentage of
current alcohol use in the population ranged from 0.9%
to 58.1%, with Argentina having the highest prevalence
and Bangladesh having the lowest.
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Table 2 Independent and interactive associations of tobacco use and alcohol use on suicide ideation, plan, and attempt

Tobacco and Suicide ideation Suicide plan Suicide attempt
alcohol use
OR (95%(Cl) P for difference OR (95%Cl) P for difference OR (95%Cl) P for difference

Independent associations

Tobacco use @
Boys 1.97 (1.87,2.08) <0.001 1.98 (1.87,2.09) <0.001 2.39(2.252.53) <0.001
Girls 246 (2.34,2.59) 247 (2.35,2.61) 2.94(2.793.11)

Alcohol use °
Boys 143 (1.351.51) <0.001 1.37(1.29,145) <0.001 1.66 (1.56,1.77) 0.082
Girls 1.67 (1.60,1.76) 1.74 (1.66,1.83) 1.78 (1.69,1.88)
Interactive associations

Neither
Boys Ref Ref Ref Ref Ref Ref
Girls Ref Ref Ref Ref Ref Ref

Only alcohol use
Boys 1.28(1.19,1.38) <0.001 1.25(1.15,1.35) <0.001 148 (1.36,1.61) 0.005
Girls 1.60 (1.52,1.69) 1.66 (1.57,1.76) 1.72(1.62,1.83)

Only tobacco use
Boys 1.75(1.60,1.91) <0.001 1.79 (1.63,1.96) <0.001 2.07(1.88,2.27) <0.001
Girls 2.75(2.50,3.02) 2.80(2.54,3.08) 3.51(3.18,3.87)

Both use
Boys 242 (2.25261) <0.001 2.39(2.21,2.58) <0.001 3.24(3.00,3.51) <0.001
Girls 3.19(2.98,3.40) 333(3.11,357) 403 (3.754.33)

Models were adjusted for age, body mass index, country, insufficient physical activity (yes/no), long sedentary behavior (yes/no), survey weight, SDI, feeling lonely
during the past 12 months (yes/no), and feeling worried during the past 12 months (yes/no)

2 additionally adjusted for current alcohol use (yes/no)

b additionally adjusted for current tobacco use (yes/no)

Meta-analysis of the associations between tobacco use

and alcohol use, and suicide ideation, plan, and attempt
The meta-analysis of the associations between tobacco
use and alcohol use, and suicide ideation, plan, and
attempt are presented in Additional file 1: Fig. S2-S4.
Overall, tobacco use was related to an increased odds of
suicide ideation, suicide plan, and suicide attempt, with
ORs of 2.48 (95% CI 2.32 to 2.66), 2.39 (95% CI 2.24 to
2.56), and 3.46 (95% CI 3.10 to 3.86), respectively. The
country with the highest associated odds for suicide idea-
tion, plan, and attempt was Cambodia, with ORs of 6.90
(95% CI 3.90 to 12.21), 4.82 (95% CI 2.85 to 8.17), and
8.05 (95% CI 4.78 to 13.57), respectively.

The associations between alcohol use and elevated
odds of suicide ideation, plan, and attempt were signifi-
cant, with ORs of 1.71 (95% CI 1.54 to 1.89), 1.65 (95% CI
1.51 to 1.80), and 1.85 (95% CI 1.66 to 2.07), respectively.
Among the countries, the highest estimates of odds for
suicide ideation (OR=3.69, 95% CI: 2.42 to 5.63) were
observed in Honduras. Similarly, Samoa had the great-
est odds for suicide plan (OR=2.72, 95% CI: 1.59 to 4.64),
and Nepal for suicide attempt (OR=6.32, 95% CI: 3.91 to
10.21).

Independent and interactive associations of tobacco
and alcohol use on suicide ideation, plan, and attempt
The independent and interactive associations between
tobacco use, alcohol use, and suicide ideation, plan, and
attempt are presented in Table 2. Girls who reported
using tobacco were found to have significantly greater
odds of suicide ideation (OR=2.46, 95% CI 2.34 to 2.59,
P<0.001), suicide plan (OR=2.47, 95% CI 2.35 to 2.61,
P<0.001), and suicide attempt (OR=2.94, 95% CI 2.79
to 3.11, P<0.001) than boys (suicide ideation: OR=1.97,
95% CI 1.87 to 2.08, P<0.001; suicide plan: OR=1.98,
95% CI 1.87 to 2.09, P<0.001; suicide attempt: OR=2.39,
95% CI 2.25 to 2.53, P<0.001, respectively). Similarly, the
likelihoods of suicide ideation (OR=1.67, 95% CI 1.60 to
1.76, P<0.001), and suicide plan (OR=1.74, 95% CI 1.66
to 1.83, P<0.001) among girls who reported alcohol use
was also significantly greater than boys (suicide ideation:
OR=1.43, 95% CI 1.35 to 1.51, P<0.001; suicide plan:
OR=1.37,95% CI 1.29 to 1.45, P<0.001, respectively).
Compared with adolescents who used neither tobacco
nor alcohol, those who used both tobacco and alco-
hol had the highest odds of suicide ideation (boys:
OR=2.42,95% CI 2.25 to 2.61, P<0.001; girls: OR=3.19,
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95% CI 2.98 to 3.40, P<0.001; P 4gerence <0.001), suicide
plan (boys: OR=2.39, 95% CI 2.21 to 2.58, P<0.001;
girls: OR=3.33, 95% CI 3.11 to 3.57, P<0.001; P 4,
ence <0.001), and suicide attempt (boys: OR=3.24, 95%
CI 3.00 to 3.51, P<0.001; girls: OR=4.03, 95% CI 3.75 to
4.33, P<0.001; P gigrerence < 0.001).

Additionally, the interactive associations between the
frequency of tobacco use and alcohol use, and suicide
ideation, plan, and attempt are presented in Additional
file 1: Table 7. Generally, we found similar interactive
associations in both the moderate-frequency use and
high-frequency use groups.

Associations of tobacco and alcohol use with suicide
ideation, plan, and attempt, by sex and purchase age
restrictions

The interactive associations of legal purchase age restric-
tions, tobacco use, and alcohol use on suicide ideation,
plan, and attempt are presented in Fig. 2. In countries
with a lower prevalence of suicide attempts, boys who use
tobacco and are from countries with legal tobacco pur-
chase age restrictions had lower odds of exhibiting sui-
cide attempt (OR=2.79, 95% CI 2.31 to 3.38) compared
to those from countries without restrictions (OR =4.54,
95% CI 3.41 t0 6.04; P jigrerence = 0-006).

In countries with a higher prevalence of suicide idea-
tion, boys who use tobacco and from countries with legal
age restrictions on tobacco purchases displayed lower
odds of suicide ideation (OR=2.15, 95% CI 1.90 to 2.43)
compared to those from countries without such restric-
tions (OR=2.93, 95% CI 2.44 to 3.50; P jigerence =0-006).
Similarly, girls who use tobacco from countries with legal
age restrictions on tobacco purchases displayed lower
odds of suicide ideation (OR=2.37, 95% CI 2.14 to 2.63)
compared to those from countries without such restric-
tions (OR=4.22, 95% CI 3.43 t0 5.19; P yigerence < 0-001).
In countries with a higher prevalence of suicide plan,
boys who use tobacco and from countries with legal
age restrictions on tobacco purchases had lower odds
of suicide plan (OR=1.86, 95% CI 1.64 to 2.12) com-
pared to those from countries without such restrictions
(OR=2.81, 95% CI 2.32 to 3.42; P jierence =0-001). Simi-
larly, girls who use tobacco from countries with legal age
restrictions on tobacco purchases displayed lower odds
of suicide plan (OR=2.20, 95% CI 1.98 to 2.45) com-
pared to those from countries without such restrictions
(OR=4.61, 95% CI 3.65 t0 5.83; P yirerence < 0-001).

There were no subgroup differences in countries with
or without legal alcohol purchase age restrictions in asso-
ciation with suicide behavior risk in countries with lower
suicide behavior prevalence. In countries with higher
prevalence, boys who use alcohol and are from coun-
tries with legal alcohol purchase age restrictions had

Page 8 of 16

higher odds of suicide ideation (OR=2.93, 95% CI 2.29 to
3.74), suicide plan (OR=2.13, 95% CI 1.74 to 2.62), and
suicide attempt (OR=2.35, 95% CI 1.92 to 2.87) com-
pared to countries without restrictions (suicide ideation:
OR=1.68, 95% CI 1.14 to 2.47; suicide plan: OR=1.47,
95% CI 1.09 to 1.98; suicide attempt: OR=1.43, 95%
CI 1.07 to 1.93). In countries with a higher prevalence
of suicide attempts, girls who use alcohol and are from
countries with legal alcohol purchase age restrictions
had higher odds of suicide attempt (OR=2.11, 95% CI
1.77 to 2.51) compared to countries without restrictions
(OR=1.38,95% CI 1.05 to 1.80).

Additionally, we compared subgroups based on
whether the legal purchase age restrictions for tobacco
and alcohol use were set at 18 years. As detailed in
Tables 3 and 4, we found similar associations of legal pur-
chase age restrictions with the associations of tobacco,
and alcohol use with suicide ideation, plan, and attempt
among adolescents, by sex and purchase age restrictions.
Specifically, in countries with a higher prevalence of sui-
cide ideation and plan, boys and girls who use tobacco
and from countries with legal age restrictions on tobacco
purchases displayed lower odds of suicide ideation and
plan compared to those from countries without such
restrictions (P ggerence <0.05). There were no subgroup
differences in countries with or without legal alcohol pur-
chase age restrictions in association with suicide behavior
risk in countries with lower suicide behavior prevalence
both boys and girls (P gigerence > 0.05). In countries with
higher prevalence, boys who use alcohol and are from
countries with legal alcohol purchase age restrictions
had higher odds of suicide plan (OR=6.10, 95% CI 2.12
to 17.52), and suicide attempt (OR=8.15, 95% CI 2.89 to
22.97) compared to countries without restrictions (sui-
cide plan: OR=1.43, 95% CI 1.05 to 1.94; suicide attempt:
OR=1.39, 95% CI 1.02 to 1.89) among age of purchase
restrictions< 18 years. Meanwhile, in countries with
higher prevalence, girls who use alcohol and are from
countries with legal alcohol purchase age restrictions had
higher odds of suicide ideation (OR=7.06, 95% CI 3.32
to 15.02) compared to countries without restrictions (sui-
cide ideation: OR=2.58, 95% CI 2.06 to 3.93) among the
age of purchase restrictions < 18 years.

Discussion

On the basis of the most recent data from 58 countries
collected between 2013 and 2021, we found that the
pooled prevalence rates of suicide ideation, plan, and
attempt were 14.9%, 13.5%, and 11.1%, respectively. Both
tobacco and alcohol use are significantly associated with
an increased odds of suicide ideation, plan, and attempt,
with girls exhibiting significantly greater odds than boys.
Among the adolescents, those who used both tobacco
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A Tobacco use and purchase age restrictions  Lower group P1 for Higher group P2 for
Boys OR (95%Cl) ; difference OR (95%Cl) R difference
Suicide ideation H '

No tobacco use and no purchase age restrictions — L] — Ref L] 0.006
Only tobacco use* - L] 293(244350) | =
Only purchase age restrictions Ref ] 1.03(0.91,1.15) #
Both tobacco use and purchase age restrictions* 1.87(1.72,2.03) HED 2.15(1.90,2.43) L
Suicide plan H \
No tobacco use and no purchase age restrictions Ref . 0.633 Ref . 0.001
Only tobacco use* 323(1.99524) | —=— 281(232342) | =
Only purchase age restrictions 1.53(1.15,2.03) - 0.88(0.78,0.99) .
Both tobacco use and purchase age restrictions® 2.82(2.13,3.74) ' . 1.86(1.64,2.12) E -
Suicide attempt ! !
No tobacco use and no purchase age restrictions Ref . 0.006 Ref f 0.775
Only tobacco use* 4.54(3.41,6.04) ' il 2.99(2.32,3.86) b ==
Only purchase age restrictions 1.22(1.01,1.47) [ 1.14(0.97,1.34) .
Both tobacco use and purchase age restrictions* 2.79(2.31,3.38) ! - 2.86(2.42,3.39) ! -

' '
Girls : :
Suicide ideation ! X
No tobacco use and no purchase age restrictions — + —_ Ref L] <0.001
Only tobacco use* —_ 4 4.22(3.435.19) | -
Only purchase age restrictions Ref 4 0.95(0.86,1.04) %
Both tobacco use and purchase age restrictions* 3.09(2.82,337) | = 2.37(214263) | =
Suicide plan H 3
No tobacco use and no purchase age restrictions Ref ] 0.009 Ref ] <0.001
Only tobacco use* 2.38(1.49,380) | -—= 461(365583) | -
Only purchase age restrictions 1.64(1.30,2.07) - 0.87(0.79,0.96) Ll
Both tobacco use and purchase age restrictions* 4.78(3.76,6.07) ; - 2.20(1.98,2.45) )
Suicide attempt H \
No tobacco use and no purchase age restrictions Ref ) 0.121 Ref ) 0.073
Only tobacco use* 6.21(3.96,9.75) - 3.59(2.82,4.57) E -
Only purchase age restrictions 1.05(0.89,1.24) = 1.00(0.88,1.14) =
Both tobacco use and purchase age restrictions* 4.23(3.55,5.05) | - 279(243320) | =

0 2 4 6 8 0 2 4 6 8

B Alcohol use and purchase age restrictions  Lower group P1 for Higher group P2 for
Boys OR (95%Cl) i difference OR (95%Cl) : difference
Suicide ideation H H
No alcohol use and no purchase age restrictions Ref L] 0.752 Ref L] 0.017
Only alcohol use* 1.96(1.47,2.60) | -=- 1.68(1.14,247) =
Only purchase age restrictions 1.21(1.01,1.43) = 2.15(1.68,2.75) | =
Both alcohol use and purchase age restrictions® 2.07(1.71,2.49) | = 293(2.293.74) | -=—

Suicide plan H i
No alcohol use and no purchase age restrictions Ref . 0.572 Ref . 0.043
Only alcohol use* 1.65(1.16,2.35) = 147(1.09,1.98) =
Only purchase age restrictions 1.01(0.85,1.19) + 1.57(1.28,1.92) i-
Both alcohol use and purchase age restrictions* 1.85(1.54,2.22) ' - 2.13(1.74,2.62) (e
Suicide attempt ! !
No alcohol use and no purchase age restrictions Ref 7 0.946 Ref . 0.007
Only alcohol use* 2.25(1.57,3.23) il 1.43(1.07,1.93) o
Only purchase age restrictions 0.96(0.79,1.18) = 140(1.14,1.71) 1=
Both alcohol use and purchase age restrictions® 2.22(1.80,2.74) | = 2.35(1.92287) | =
i |
Girls 4 !
Suicide ideation ! !
No alcohol use and no purchase age restrictions Ref + 0.224 Ref . 0.592
Only alcohol use* 3.02(231,395) | = 290(210398) | =
Only purchase age restrictions 1.21(1.06,1.38) 2.06(1.67,253) | =
Both alcohol use and purchase age restrictions® 2.50(2.15,2.90) | = 3.21(262,394) | =
Suicide plan H H
No alcohol use and no purchase age restrictions Ref 4 0.336 Ref ] 0.280
Only alcohol use* 254(167,386) | —= 1.64(127,2.11) =
Only purchase age restrictions 1.37(1.20,1.57) | 1.15(0.98,1.36) b
Both alcohol use and purchase age restrictions® 3.16(2.71,3.67) H - 1.94(1.64,2.30) HC
Suicide attempt i i
No alcohol use and no purchase age restrictions Ref H 0.266 Ref V 0.010
Only alcohol use* 395(2.64591) | - 1.38(1.05,1.80) =
Only purchase age restrictions 1.25(1.08,1.46) '- 1.19(1.00,1.41) '-
' '

Both alcohol use and purchase age restrictions® 3.08(2.59,3.66) 2.11(1.77,2.51)
0 2 4 6 8 0 2 4 6 &

Fig. 2 Associations of tobacco and alcohol use with suicide ideation, plan, and attempt among adolescents in 58 countries, by sex, age of purchase
restrictions, and the prevalence of suicide behaviors. Note: models were adjusted for age, body mass index, insufficient physical activity (yes/
no), long sedentary behavior (yes/no), survey weight, SDI, feeling lonely during the past 12 months (yes/no), and feeling worried during the past
12 months (yes/no). P1 for difference indicates to differences of suicide ideation, plan, and attempt in tobacco use (or alcohol use) from countries
with or without legal purchase age restrictions in countries with lower prevalence of suicide ideation, plan, and attempt; P2 for difference indicates
to differences of suicide ideation, plan, and attempt in tobacco use (or alcohol use) from countries with or without legal purchase age restrictions
in countries with higher prevalence of suicide ideation, plan, and attempt. Lower group refers to below the country-level prevalence of suicide
ideation, plan, and attempt, respectively; higher group refers to above the country-level prevalence of suicide ideation, plan, and attempt,
respectively. In A, there were no “No tobacco use and no purchase age restrictions”and “Only tobacco use”among the lower group



Chen et al. BMC Medicine (2025) 23:163

Page 10 of 16

Table 3 Associations between tobacco use and suicide ideation, plan, and attempt among adolescents in 58 countries, by sex, age of

purchase restrictions and the prevalence of suicide behaviors

Tobacco use and purchase age restrictions

Lower group
OR (95%Cl)

P1 for difference Higher group P2 for difference

OR (95%Cl)

Age of purchase restrictions > 18 years®

Boys

Suicide ideation — 0.006
No tobacco use and no purchase age restrictions — Ref
Only tobacco use® — 2.93(2.44,3.50)
Only purchase age restrictions Ref 1.03(0.91,1.15)
Both tobacco use and purchase age restrictions? 1.86 (1.71,2.02) 2.15(1.90,243)

Suicide plan 0.658 <0.001
No tobacco use and no purchase age restrictions Ref Ref
Only tobacco use® 3.23(1.99,5.23) 2.81(2.32342)
Only purchase age restrictions 1.55(1.17,2.06) 0.88 (0.78,0.99)
Both tobacco use and purchase age restrictions® 2.84(2.14,3.78) 1.86 (1.64,2.12)

Suicide attempt 0.006 0.775
No tobacco use and no purchase age restrictions Ref Ref
Only tobacco use® 454 (3.41,6.04) 2.99(2.32,3.86)
Only purchase age restrictions 1.23(1.02,1.48) 1.14(0.97,1.34)
Both tobacco use and purchase age restrictions® 2.81(2.32,340) 2.86(2.42,3.39)

Girls

Suicide ideation — <0.001
No tobacco use and no purchase age restrictions — Ref
Only tobacco use® — 4.22(343,5.19)
Only purchase age restrictions Ref 0.95 (0.86,1.04)
Both tobacco use and purchase age restrictions? 3.16 (2.89,3.46) 237 (2.14,2.63)

Suicide plan 0.006 <0.001
No tobacco use and no purchase age restrictions Ref Ref
Only tobacco use? 2.39(1.50,3.80) 4.61(3.65,5.83)
Only purchase age restrictions 1.69 (1.34,2.14) 0.87 (0.79,0.96)
Both tobacco use and purchase age restrictions? 497 (3.91,6.32) 2.20(1.98,2.45)

Suicide attempt 0.138 0.073
No tobacco use and no purchase age restrictions Ref Ref
Only tobacco use® 6.22 (3.969.77) 3.59(2.82,4.57)
Only purchase age restrictions 1.05(0.89,1.24) 1.00 (0.88,1.14)
Both tobacco use and purchase age restrictions® 431 (3.60,5.15) 2.79(2.43,3.20)

Models were adjusted for age, body mass index, insufficient physical activity (yes/no), long sedentary behavior (yes/no), SDI, feeling lonely during the past 12 months
(yes/no), and feeling worried during the past 12 months (yes/no). P1 for difference indicates to differences of suicide ideation, plan, and attempt in tobacco use from
countries with or without legal purchase age restrictions in countries with lower prevalence of suicide ideation, plan, and attempt; P2 for difference indicates to
differences of suicide ideation, plan, and attempt in tobacco use from countries with or without legal purchase age restrictions in countries with higher prevalence of
suicide ideation, plan, and attempt. Lower group refers to below the country-level prevalence of suicide ideation, plan, and attempt, respectively; higher group refers
to above the country-level prevalence of suicide ideation, plan, and attempt, respectively. In the lower group, there were no “No tobacco use and no purchase age

restrictions” and “Only tobacco use” groups

2 Only one country (Dominican Republic) had a restricted purchase age of < 18 years, therefore the stratified analysis was only conducted in countries whose restricted

purchase ages were > 18 years

and alcohol presented greater odds of suicide behaviors
compared to those who used neither substance. Addi-
tionally, age restrictions on tobacco purchases are asso-
ciated with decreased odds of suicide behaviors in both
boys and girls, especially in countries with a high prev-
alence of suicide behaviors. On the other hand, alcohol

purchase age restrictions are not related to lower odds
of alcohol-related suicide behaviors. Our findings indi-
cated that these associations remained robust regardless
of whether the age of purchase restrictions was < 18 years
or>18 years old. These findings, from a globalized
perspective, suggest that tobacco and alcohol use are
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Table 4 Associations between alcohol use and suicide ideation, plan, and attempt among adolescents in 58 countries, by sex, age of
purchase restrictions, and the prevalence of suicide behaviors

Alcohol use and legal purchase age Lower group P1 for difference Higher group P2 for difference
OR (95%Cl) OR (95%Cl)

Age of purchase restrictions > 18 years

Boys
Suicide ideation 0.572 0.017
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 1.96 (1.47,2.60) 1.68 (1.14,2.47)
Only purchase age restrictions 1.21(1.01,1.43) 2.13(1.66,2.73)
Both alcohol use and purchase age restrictions 2.07(1.71,2.49) 2.93(2.30,3.75)
Suicide plan 0.579 0.035
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 1.65(1.16,2.35) 146 (1.08,1.97)
Only purchase age restrictions 1.01 (0.85,1.20) 1.58(1.29,1.93)
Both alcohol use and purchase age restrictions 1.85(1.54,2.22) 2.15(1.76,2.64)
Suicide attempt 0.979 0.006
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 2.26(1.57,3.25) 143 (1.06,1.93)
Only purchase age restrictions 0.96 (0.79,1.17) 140 (1.15,1.71)
Both alcohol use and purchase age restrictions 2.25(1.82,2.78) 2.36(1.93,2.89)
Girls
Suicide ideation 0.224 0.668
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 3.02(2.31,3.95) 2.90(2.11,3.99)
Only purchase age restrictions 1.21(1.06,1.38) 2.04 (1.652571)
Both alcohol use and purchase age restrictions 2.50(2.15,2.90) 3.15(2.57,3.87)
Suicide plan 0430 0.274
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 2.55(1.68,3.89) 1.64(1.27,2.11)
Only purchase age restrictions 1.37(1.20,1.57) 1.15(0.98,1.36)
Both alcohol use and purchase age restrictions 3.06 (2.62,3.56) 1.94 (1.64,2.30)
Suicide attempt 0.234 0.010
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 3.97 (2.65,5.95) 1.38 (1.05,1.80)
Only purchase age restrictions 1.26 (1.08,1.47) 1.18(1.00,1.41)
Both alcohol use and purchase age restrictions 3.04 (2.55,3.62) 2.10(1.76,2.51)
Age of purchase restrictions < 18 years
Boys
Suicide ideation — 0.192
No alcohol use and no purchase age restrictions — Ref
Only alcohol use — 1.68(1.14,2.46)
Only purchase age restrictions Ref 2.76 (0.96,7.92)
Both alcohol use and purchase age restrictions 1.81(1.33,2.46) 3.39(1.27,9.09)
Suicide plan 0.754 0.010
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 1.67(1.15,2.42) 1.43(1.05,1.94)
Only purchase age restrictions 0.73(0.29,1.86) 4.29(1.47,12.53)
Both alcohol use and purchase age restrictions 143(0.583.52) 6.10(2.12,17.52)
Suicide attempt 0.182 0.001
No alcohol use and no purchase age restrictions Ref Ref

Only alcohol use 2.21(1.50,3.26) 1.39(1.02,1.89)
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Table 4 (continued)

Page 12 of 16

Alcohol use and legal purchase age Lower group P1 for difference Higher group P2 for difference
OR (95%Cl) OR (95%Cl)
Only purchase age restrictions 0.61(0.21,1.74) 3.19(1.06,9.58)
Both alcohol use and purchase age restrictions 1.06 (0.39,2.91) 8.15(2.89,22.97)
Girls

Suicide ideation — 0.030
No alcohol use and no purchase age restrictions — Ref
Only alcohol use — 2.85(2.06,3.93)
Only purchase age restrictions Ref 3.22(1.44,7.23)
Both alcohol use and purchase age restrictions 2.24(1.653.03) 7.06 (3.32,15.02)

Suicide plan 0.068 0.931
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 2.08(1.34,3.23) 1.67(1.28,2.16)
Only purchase age restrictions 2.12(0.96,4.72) 0.95(0.32,2.76)
Both alcohol use and purchase age restrictions 4.80(2.20,10.51) 1.75(0.61,4.97)

Suicide attempt 0.596 0.548
No alcohol use and no purchase age restrictions Ref Ref
Only alcohol use 3.30(2.15,5.07) 1.44 (1.09,1.90)
Only purchase age restrictions 1.57 (0.63,3.88) 1.19(0.36,3.98)
Both alcohol use and purchase age restrictions 4.29(1.80,10.21) 2.07 (0.65,6.60)

Models were adjusted for age, body mass index, insufficient physical activity (yes/no), long sedentary behavior (yes/no), survey weight, SDI, feeling lonely during the
past 12 months (yes/no), and feeling worried during the past 12 months (yes/no). P1 for difference indicates to differences of suicide ideation, plan, and attempt in
alcohol use from countries with or without legal purchase age restrictions in countries with lower prevalence of suicide ideation, plan, and attempt; P2 for difference
indicates to differences of suicide ideation, plan, and attempt in alcohol use from countries with or without legal purchase age restrictions in countries with higher
prevalence of suicide ideation, plan, and attempt. Lower group refers to below the country-level prevalence of suicide ideation, plan, and attempt, respectively; higher
group refers to above the country-level prevalence of suicide ideation, plan, and attempt, respectively. In purchase age restrictions (< 18 years) countries, there were
no “No tobacco use and no purchase age restrictions”and “Only tobacco use” groups among the lower group

associated with adverse mental health outcomes. Age
restrictions on tobacco purchases may be associated with
a lower risk of tobacco-related suicide behaviors, particu-
larly among girls and in countries with a high prevalence
of such behaviors.

Smoking and alcohol use have been found to be associ-
ated with suicide ideation, plan, and attempt in numer-
ous population-based studies. One study involving
more than 30,000 adolescents from China and the USA
reported that both alcohol and tobacco use are associated
with increased suicide ideation and attempts [11]. Studies
in Korean adolescents reported similar findings and fur-
ther reported that both conventional and electric smok-
ing were associated with an increase in suicidal behavior,
with a greater frequency of smoking associated with a
greater risk of suicidal behavior [34, 35]. Since these sub-
stance use factors are potentially modifiable risk factors
for suicidal behaviors, targeted intervention strategies
with prioritization are integral for suicide prevention
[36]. Some studies have reported a greater risk of suicide
among adolescents who use both tobacco and alcohol
[37-39]. One study conducted in the USA revealed that

for students who had suicidal ideation or suicide plans,
alcohol use was not associated with suicide attempts,
whereas cigarette smoking was associated with suicide
attempts [19]. Our study contributes to the existing body
of related research by providing global validation of the
above studies, which were conducted in the USA. Spe-
cifically, we confirmed the association between smok-
ing and an increased risk of all suicide-related behaviors,
emphasizing the importance of addressing tobacco con-
trol in adolescent suicide prevention efforts. In addition,
our findings suggest that tobacco use is associated with
greater odds of suicide-related behaviors in girls than in
boys. Although the self-reported rates of tobacco and
alcohol use are lower among girls, considering that they
constitute more than 70% of reported suicide behaviors,
girls who engage in smoking and drinking behaviors may
constitute the highest risk group for suicide mortality.
On the one hand, girls may experience more interper-
sonal problems and other social pressures that are closely
related to substance use and mental health risks includ-
ing suicidal behavior [40, 41]. The hormonal differences
between sexes, particularly the effects of estrogen, could
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also contribute to the greater risk of suicidal behaviors
related to tobacco and alcohol use in girls. The interaction
between estrogen and nicotine could potentially enhance
the mood-altering effects of nicotine, making females
more susceptible to its depressive or dysphoric effects,
which could contribute to an increased risk of suicide-
related behaviors [42, 43]. Therefore, special attention
should be given to developing targeted approaches and
strategies for intervention efforts in this subgroup.
Research on physiological mechanisms has confirmed
that tobacco and alcohol consumption are associated
with an increased risk of suicide in adults. Rapid nico-
tine uptake into the brain through any form of smoking,
including inhalation of conventional cigarettes, or elec-
tronic cigarettes, or through passive smoking, can facili-
tate long-term sensitization and short-term impulsivity,
both of which impair regulatory action and predispose
individuals to negative effects and suicidal behaviors [44].
Further analysis of the 50-year observational study utiliz-
ing Swedish medical, criminal, and pharmacy registries
revealed a potential association between drinking disor-
ders and suicidal behavior, particularly among women,
along with evidence of family aggregation [45]. In addi-
tion to reducing suicide-related deaths, strengthening
the implementation of the tobacco control framework
(SDG Health Target 3.a) and preventing harmful alcohol
abuse (SDG Health Target 3.5) are important goals con-
sistent with SDG 3 “Ensuring healthy lives and promote
well-being for all at all ages” [46]. Adolescents should
undoubtedly be the focus of these initiatives to build a
sustainable future for generations. However, until 2022,
2.3 billion people still lived in countries that did not adopt
a single tobacco control measure, and passive smoking
killed 1.3 million nonsmokers a year [47]. Six of the 58
countries we studied have no age restrictions on pur-
chasing tobacco, and seven have no age restrictions on
purchasing alcohol. These countries are located in South
America, Southeast Asia, the Western Pacific, Africa,
and the Eastern Mediterranean Region, and their adoles-
cent population is unprotected from tobacco and alcohol
harm. Inequalities in health promotion policies between
countries also contribute to the high prevalence of sui-
cidal behaviors among adolescents in these areas and the
extreme inequality of data accessibility. Moreover, some-
times, even if the government imposes age restrictions
on the purchase of certain tobacco or alcohol products,
adolescents from some countries still have easy access
to alternate tobacco and alcohol products, such as cigars
and hookahs [48—50]. In our current analysis, the coun-
tries with the greatest risks of tobacco-related and alco-
hol-related suicidal behaviors also had age restrictions
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on tobacco or alcohol purchases. In addition to these
policies, the lack of comprehensive life skills education
for young people and some socioenvironmental factors
such as conflict conditions and social transition might
have a greater influence on suicide behaviors [51-53].
Moreover, in societies where tobacco and alcohol use are
culturally embedded, age restrictions alone may not be
sufficient to reduce consumption among adolescents and
young adults, thereby failing to mitigate associated risks
[54]. While our findings suggest that legal purchase age
restrictions may be associated with lower suicide risks
related to tobacco use among adolescents, it is important
to recognize that these restrictions often coexist with
broader public health policies, such as anti-tobacco cam-
paigns, school-based prevention programs, and mental
health initiatives. For example, in countries like Australia,
legal age restrictions are part of a comprehensive tobacco
control framework that includes plain packaging laws
and public education efforts, which together may amplify
the protective effects against tobacco-related harms,
including suicide risks. Future studies should aim to dis-
entangle the specific contributions of legal purchase age
restrictions from the cumulative impact of these broader
public health measures [46].

The main strength of our study is that we used a stand-
ardized questionnaire for the measurement of tobacco
use, alcohol use, and suicidal ideation, plan, and attempt.
This study utilized data from three different datasets
including the GSHS, YRBSS, and the China survey. The
study timeframe, study design, and questionnaire on
exposures and outcomes in the two databases (YRBSS
and GSHS datasets) were the same. The study design,
population, definitions of exposures and outcomes, and
data collection procedures in the China survey were also
consistent with the two databases, to ensure compara-
bility across different countries. All of the data had the
same design and sampling strategy and therefore pro-
vided directly comparable results across the 58 coun-
tries. There are several limitations to the present study.
First, most of the data (except for data from the USA)
were collected prior to the COVID-19 pandemic, dur-
ing which time adolescents experienced enormous strain
specifically. The instant and long-term impacts of pan-
demics on both substance abuse and psychosocial well-
ness are difficult to estimate and require longitudinal
observations [55]. Second, although we have success-
fully examined the combined effect of tobacco and alco-
hol use on suicidal behavior from a global perspective,
the cross-sectional design of our study limits our ability
to establish causal relationships between these behav-
iors and suicidal outcomes. Therefore, there is a need for
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higher-quality longitudinal studies to be conducted in
regions where data are lacking to further explore these
associations. Third, all exposures and outcome measures
were collected through self-administered questionnaires.
While questionnaires have demonstrated good reliability
and validity among adolescents worldwide, it is impor-
tant to acknowledge that the possibility of adolescents
providing responses that do not accurately reflect their
true circumstances cannot be entirely ruled out. Factors
such as misunderstanding, intentional concealment, or
other motivations might introduce bias to some extent
in the study results. Owing to approximately 10% miss-
ing data in this study, we opted for a deletion approach
to handle these cases. Additionally, the analysis was con-
ducted using data from the GSHS across 58 countries,
all countries with available exposure and outcome vari-
ables were included, but those with small sample sizes
or no valid effect estimates (14 out of 58 countries) were
included only in the logistic regression analyses and
excluded from two-step meta-analyses. This approach
was necessary to maintain the robustness of country-
specific results, but might limit the generalizability of our
findings to countries excluded. Fourth, the lack of original
sampling weights in the Chinese dataset being limited to
two provinces, which may limit the understanding for the
broader Chinese population. This limitation could affect
the findings’ effectiveness and representativeness for the
broader Chinese population. Additionally, age restriction
data for tobacco and alcohol purchases were collected
from government websites during January 2024 and may
not reflect the regulations in the country during which
the individual data were collected. Further research is
needed to track the long-term impact of tobacco and
alcohol-related laws and regulations on adolescent sui-
cidal behaviors. Sixth, owing to the absence of individual
socio-economic information in the GSHS survey, this
study could not further consider the potential confound-
ing effects of socio-economic information on the associa-
tions. Finally, the exposures (tobacco and alcohol use) in
this study were assessed based on their use in the past
30 days, whereas the outcomes (suicidal ideation, plan,
and attempt) were assessed on the basis of their occur-
rences in the past year. This inconsistency in the timing
of the survey questions introduces a limitation, as it is
possible that the suicidal behaviors could have preceded
substance use. This limitation suggests potential bidirec-
tional associations, such as alcohol use following suicidal
ideation as a coping mechanism.

Conclusions

In conclusion, our study provides a novel global perspec-
tive of tobacco and alcohol use in adolescent suicide idea-
tion, plan, and attempt. This study revealed that tobacco
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and alcohol consumption are strongly associated with the
risk of suicide behaviors among adolescents, particularly
among girls. Additionally, the existence of tobacco pur-
chasing age restrictions may be associated with a lower
prevalence of suicide behaviors among adolescents.
Country-level tobacco control strategies may have the
potential to reduce risks of suicide behaviors associated
with tobacco use among adolescents.
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