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Abstract 

Background Prior research has reaffirmed lifestyle risk behaviors to cluster among adolescents. However, the lifestyle 
cluster effect on suicidal thoughts and behaviors (STBs) was unclear among adolescents in low‑ and middle‑income 
countries (LMICs). No comparison of such associations was conducted across nations.

Methods Data from 45 LMICs were obtained from the Global School‑based Student Health Survey (GSHS) 
between 2009 and 2019. Lifestyle behavior factors were collected through a structured questionnaire. Suicidal 
ideation, plan, and attempt were ascertained by three single‑item questions. Lifestyle risk scores were calculated 
via a sufficient dimension reduction technique, and lifestyle risk clusters were constructed using a latent class analy‑
sis. Generalized linear mixed models with odds ratio (OR) and 95% confidence interval (CI) were used to estimate 
the lifestyle‑STB associations.

Results A total of 229,041 adolescents were included in the final analysis. The weighted prevalence of suicidal 
ideation, plan, and attempt was 7.37%, 5.81%, and 4.59%, respectively. Compared with the favorable lifestyle group, 
the unfavorable group had 1.48‑, 1.53‑, and 3.11‑fold greater odds of suicidal ideation (OR = 1.48, 95%CI: 1.30–1.69), 
plan (OR = 1.53, 95%CI 1.34–1.75), and attempt (OR = 3.11, 95%CI 2.64–3.65). Four clusters of lifestyle risk behaviors 
were identified, namely healthy lifestyles (H–L), insufficient intake of vegetables and fruit (V‑F), frequent consump‑
tion of soft drinks and fast food (D‑F), and tobacco smoking and alcohol drinking (S‑A) clusters. Compared with H–L 
cluster, V‑F cluster was associated with 43% and 42% higher odds of suicidal ideation and plan, followed by S‑A cluster 
(26% for ideation and 20% for plan), but not significant in D‑F cluster (P > 0.05). D‑F cluster was associated with 2.85‑
fold increased odds of suicidal attempt, followed by V‑F cluster (2.43‑fold) and S‑A cluster (1.18‑fold).

Conclusions Clustering of lifestyle risk behaviors is informative for risk stratification of STBs in resource‑poor settings. 
Lifestyle‑oriented suicide prevention efforts should be initiated among school‑attending adolescents in LMICs.
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Background
Suicide is a serious public health problem, particularly in 
adolescents, with a fourth rank of leading cause of death 
among youth aged 15–19  years old worldwide [1]. As 
reported by the World Health Organization (WHO), up 
to 88% of suicide death cases came from low- and mid-
dle-income countries (LMICs) [1]. To prevent adolescent 
suicide, it is imperative to study its immediate precursors, 
namely suicidal thoughts and behaviors (STBs) including 
suicidal ideation, plan, and attempt [2]. A prior global 
population-based study showed that the overall preva-
lence of the above three STBs reached over 10% among 
young students aged 13–17 years in LMICs [3]. The high 
prevalence of adolescent STBs signifies a need for more 
research focusing on its determinants and interventions.

As adolescence is a critical developmental period for 
enduring healthy behavior establishment, modifiable life-
style factors can play a pivotal role in the youth. Hence, 
the association between adolescent lifestyle factors 
and STB risk has intrigued researchers in recent years 
[4]. Soft drink consumption, smoking, alcohol drink-
ing, insufficient physical activity, and sedentary behav-
ior have been examined independently with the risk of 
STBs [5–9], but their combined influences were far less 
investigated. Previous studies observed that unfavorable 
behaviors were likely to co-exist in children. For instance, 
children who spent excessive time on screen also tended 
to have poor diet quality [10]. Other examples where 
unhealthy lifestyles co-occurred included the clustering 
of engaging less in physical activity and more in seden-
tary behavior [11]. As risk behaviors do not exist in iso-
lation, examining the clustered effects of these behaviors 
on adolescent STBs is necessary to aid our understanding 
and improve our ability to inform screening of suicidality, 
particularly in LMICs.

At present, the composite score method is one of the 
widely adopted methods to combine multiple lifestyle 
risk factors into a summary metric which can be sub-
sequently used as a predictor for health outcomes. For 
instance, Zhang et al. quantified the number of risk fac-
tors into a risk index and found it positively associated 
with mental problems [12]. However, this index was lim-
ited to the equal weighting of all lifestyle factors and did 
not consider the relationship with the response variable. 
Latent class analysis is another common method used 
for behavior clustering. For example, Xiao et al. divided 
14,506 U.S. adolescents into four classes and found that 
those with health-compromising behaviors had a 50% 
higher risk of suicidal plans compared with those engag-
ing in health-promoting behaviours [13]. Nevertheless, to 
our knowledge, a similar metric of lifestyle cluster-STB 
relationship has not yet been reported among adoles-
cents in LMICs.

Therefore, in the present study, we used cross-national 
data including 45 LMICs from the Global School-based 
Student Health Survey (GSHS) to evaluate whether STB 
risks could be stratified by different clusters of lifestyle 
factors using sufficient dimension reduction technique 
and latent class analysis. The aims of our study were (1) 
to determine the country- and individual-level correlates 
of clustered lifestyle risk behaviors; (2) to estimate the 
associations between clustered lifestyle risk factors and 
STB among young adolescents; and (3) to explore the 
discrepancy of the associations across regions, countries, 
and population groups in LMICs.

Methods
Data sources
Data were obtained and pooled from the GSHS pro-
ject, which was developed by the World Health Organ-
ization (WHO) in collaboration with the United States 
Centers for Disease Control and Prevention [14, 15] 
(https:// www. who. int/ teams/ nonco mmuni cable- disea 
ses/ surve illan ce/ syste ms- tools/ global- school- based- 
stude nt- health- survey). GSHS is an ongoing cross-
national surveillance survey administered to young 
on-school adolescents, whose detailed methodology 
and procedure has been described previously [16]. 
In brief, the survey consisting of several modules of 
questions about students’ health behaviors and liv-
ing circumstances, has been implemented in over 
100 countries under a two-stage random cluster sam-
pling design with the same procedure. Three phases 
(phase one: 2003–2008; phase two: 2009–2012; phase 
three: 2013–2019) of the GSHS have been deployed. 
For countries participating in two or more phases, 
only the latest available one will be included in the 
present study. To maximize temporal comparability, 
we restricted datasets whose surveys were conducted 
between 2009 and 2019, resulting in 57 eligible coun-
tries. Countries missing any lifestyle variables were 
further excluded, remaining 45 countries in the final 
dataset. Characteristics comparison between included 
(n = 45) and excluded countries (n = 12) were per-
formed and no significant difference was observed 
across country-level and population-level characteris-
tics (P > 0.05) (Additional file 1: Table S1).

Ascertainment of suicidal thoughts and behaviors
STBs for the present study were evaluated by the following 
three single-item questions: “During the past 12 months, 
did you ever seriously consider attempting suicide?”; “Dur-
ing the past 12 months, did you make a plan about how you 
would attempt suicide?”; “During the past 12 months, how 
many times did you actually attempt suicide?”. According 
to the STB classification algorithm proposed by Nock [17], 

https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/global-school-based-student-health-survey
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/global-school-based-student-health-survey
https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/global-school-based-student-health-survey
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participants who answered “yes” to the first question but 
“no” to the other two questions were considered suicidal 
ideators; those who answered “yes” to the first two ques-
tions but “no” to the third question were considered sui-
cidal planners; and those who ever attempted suicide were 
considered suicidal attempters (Additional file 1: Fig. S1).

Assessment of lifestyle risk factors
Eight types of modifiable lifestyle factors, which have 
been shown to be associated with adolescent STB, were 
used for analyses, including dietary habits [5, 18, 19], 
tobacco smoking [6], alcohol consumption [7], physi-
cal activity [8], and sedentary behavior [9]. Consump-
tions of fruit, vegetables, and soft drinks during the past 
month were categorized as 0, < 1, 1, 2, 3, 4, and ≥ 5 times/
day. Fast food intake during the past week was catego-
rized as 0, 1, 2, 3, 4, 5, 6, and 7 days. Tobacco smoking was 
dichotomized into never vs. ever. Responses for alcohol 
drinking during the past month were categorized as 0, 
1–2 days, 3–5 days, 6–9 days, 10–19 day, 20–29 days, and 
daily. Physical active for ≥ 60 min/day was categorized as 
0, 1, 2, 3, 4, 5, 6, 7 days. Sedentary time during a typical 
day was categorized as < 1, 1–2, 3–4, 5–6, 7–8, ≥ 8 h/day.

Each lifestyle risk factor was additionally dichotomized 
in accordance with international recommendations, 
WHO guidelines, or previous studies [20–24]: fruit con-
sumption (daily vs. not daily), vegetable consumption 
(daily vs. not daily), soft drink consumption (not daily 
vs. daily), fast food consumption (≤ 1 day/wk vs. > 1 day/
week), tobacco smoking (< 1  day/month vs. ≥ 1  day/
month), alcohol drinking (< 1  day/month vs. ≥ 1  day/
month), physical activity (daily vs. not daily), and seden-
tary time (≤ 4 h/day vs. > 4 h/day).

Covariates
Country‑level indicators
We used country income status and geographical area at the 
survey year (referring to World Bank classifications) [25], 
the Gross Domestic Product (GDP) per capita, the Human 
Development Index (HDI), Inequality-adjusted HDI (IHDI), 
Gender Development Index (GDI), Gender Inequality Index 
(GII), Current Health Expenditure (CHE) per capita, density 
of nurses and midwives, and national age-standardized sui-
cide rate at the survey year [26]. In addition, legislation on 
tobacco and alcohol use, and country’s major religion were 
used as cultural and contextual indicators.

Individual‑level indicators
We used age, sex, grade, BMI, proxy of socioeconomic 
status (SES), loneliness, and sleep problem. The proxy 
of SES was assessed based on the question “During 
the past 30  days, how often did you go hungry because 
there was not enough food in your home?” [27], and was 

categorized as never, rarely, sometimes, most of the time, 
and always, representing highest, high, medium, low, and 
lowest SES status.

Statistical analyses
All eligible country data were collated into a unified 
dataset, and all estimates were weighted using the sur-
vey’s strata, weights, and primary sampling units (PSUs) 
to allow the samples nationally representative. The per-
centages of missing values of all variables of interest 
were below 20% in the aggregated dataset (Additional 
file  1: Table  S2), and the percentages of missing values 
of most lifestyle variables were below 20% across coun-
tries (Additional file  1: Table  S3). The pattern of miss-
ingness was assumed to be missing at random (MAR) 
in the dataset (Additional file  1: Tables S4–S5), and all 
missing values were further filled by multiple imputa-
tions based on chained equations. To ascertain lifestyle 
risk factors relative to a country’s wealth, human devel-
opment, and expenditure on health, we plotted the life-
style risk score against the country-level indicators (GDP, 
HDI, IHDI, GDI, GII, CHE, nurses and midwives density, 
and national age-standardized suicide rate) at the year of 
survey data collection, and further showed an ordinary 
least squares regression line across these point estimates, 
weighting each country equally for visual orientation.

A composite risk score was constructed by a linear 
combination of the aforementioned factors, where the 
coefficients for the combination were obtained from a 
sufficient dimension reduction (SDR) technique based on 
the distance-covariance matrix [28]. Instead of giving all 
the factors an equal weight, this method could assign dif-
ferent coefficients to the factors by considering the rela-
tionship among the predictors along with the response. 
A higher score indicated a higher predisposition to risk 
behaviors. A latent class analysis based on the eight life-
style factors was further applied to divide participants 
into different risk clusters [13]. The number of classes 
was determined according to the conceptual meaning 
and model fit indices (i.e., Akaike Information Criterion 
[AIC] and Bayesian Information Criterion [BIC]).

A series of generalized linear mixed models (GLMM) 
were used to deal with the hierarchical structure data 
with individuals nested within clustering areas, and 
estimate the associations between lifestyle risk factors 
and STBs, adjusting for age, sex, grade, BMI, proxy 
of SES, loneliness, sleep problem, legislation and reli-
gion, according to the proposed directed acyclic graph 
(DAG) (Additional file  1: Fig.  S2). The collinearity of 
these included variables was tested by the Spearman 
correlation coefficient as well as the variance inflation 
factor (VIF) (Additional file  1: Table  S6). Subgroup 
analyses were conducted across strata of world region 
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(East Asia and Pacific, Latin America and Caribbean, 
Middle East and North Africa, South Asia, and Sub-
Saharan Africa), income status (low-income coun-
try [LIC], lower-middle-income country [LMC], and 
upper-middle-income country [UMC]), survey year 
(2009–2012, 2013–2015, and 2016–2018), age group 
(≤ 13, 14, 15, and ≥ 16  years), sex (male and female), 
grade (junior, middle, and senior), and SES (level 1 
[lowest], level 2, level 3, level 4, and level 5 [highest]). 
Results from regression models were presented as odds 
ratio (OR) and 95% confidence interval (95% CI). A 
two-sided p value of less than 0.10 was considered sig-
nificant in between-subgroup heterogeneity, whereas a 
two-sided p value of less than 0.05 was considered sig-
nificant in other estimates. All analyses were conducted 
by Stata (version 17.0, StataCorp, College Station, TX, 
USA) and R Statistical Software (version 4.1.2, Founda-
tion for Statistical Computing, Vienna, Austria). Details 
of the analytic plan were shown in Additional file 1.

Results
Study and sample characteristics
Characteristics of the included 45 LMICs are shown 
in Table  1. The survey-level median participation rate 
was 79% (IQR 63–89%). The sample size ranged from 
943 (Tuvalu) to 56,981 (Argentina). For country-level 
variables, scatter plots showed that HDI (P = 0.012), 
IHDI (P = 0.043), GDI (P = 0.002), CHE (P = 0.046), and 
density of nurses and midwives (P = 0.009) were posi-
tively associated with a lifestyle risk score, whereas GII 
(P = 0.023) was negatively related to the score (Fig. 1).

Detailed characteristics of the 229,041 adolescents 
were presented in Table  2. A weighted proportion of 
67.57% of the participants were from LMC, and 52.35% 
of the participants were  from East Asia and the Pacific 
region. The weighted proportions for each age group 
were relatively balanced (25.93%, 23.54%, 20.56%, and 
29.97 for ≤ 13, 14, 15, and ≥ 16 years). 51.47% of the par-
ticipants were male students and 43.96% were in junior 
education. A 77.12% weighted proportion of adolescents 
had two or more co-occurring risk behaviors. We fur-
ther divided the lifestyle risk score into three groups by 
tertiles and observed that a high proportion of adoles-
cents with unfavorable lifestyles were from UMC, Latin 
America, and the Caribbean, with older age, male stu-
dents, and with lower SES (Additional file 1: Table S7). 
The weighted proportion of adolescents with each sin-
gle risk behavior was presented in Additional file  1: 
Table S8.

The weighted prevalence of suicidal ideation, plan, 
and attempt was 7.37%, 5.81%, and 4.59%, respectively. 

The weighted prevalence of each STB by country was 
presented in Additional file 1: Table S9.

Lifestyle risk score and STB
The pooled analysis showed that compared with the 
favorable lifestyle group, intermediate and unfavorable 
groups had 1.24-fold (95%CI 1.13–1.36) and 1.48-fold 
(95%CI 1.30–1.69) higher odds of suicidal ideation; 1.22-
fold (95%CI 1.12–1.33) and 1.53-fold (95%CI 1.34–1.75) 
greater odds of suicidal plan; and 1.31-fold (95%CI 1.16–
1.49) and 3.11-fold (95%CI 2.64–3.65) increased odds of 
suicidal attempt, respectively (Table 3). In terms of indi-
vidual countries, the strongest nexuses for ideation, plan, 
and attempt were observed in Benin, Antigua and Bar-
buda, and Tuvalu, respectively (Additional file 1: Fig. S3).

Subgroup analyses (Fig.  2) showed that the odds of sui-
cidal ideation per additional score level were discrepant 
among different education levels. The odds were highest in 
the junior-education group (OR = 1.30, 1.17–1.44) whereas 
lowest in the senior-education group (OR = 1.08, 95%CI 
0.93–1.25). The odds of suicidal plans per additional score 
level were found heterogeneous in different world regions, 
age groups, and education levels, with the highest odds in 
East Asia and Pacific region (OR = 1.28, 95%CI 1.14–1.45), 
under 13  years of age (OR = 1.41, 95%CI 1.26–1.57), and 
junior-education group (OR = 1.34, 95%CI 1.22–1.47). The 
odds of suicidal attempt per additional score level were 
observed heterogeneous amid different  age groups, with 
the largest odds in the ≤ 13  years of age group (OR = 2.27, 
95%CI 1.96–2.63).

Lifestyle risk clusters and STB
A 4-class solution that provided the most conceptu-
ally coherent description of unfavorable lifestyles, 
was chosen as the most appropriate solution. Class 1 
accounted for 46.1% of the adolescents reporting the 
highest probabilities of healthy lifestyles (H–L cluster), 
including daily fruit intake (probability (Pr) = 0.893), 
daily vegetable intake (Pr = 0.907), tobacco smoking 
of < 1 day/month (Pr = 0.942), alcohol drinking of < 1 day/
month (Pr = 0.921), and sedentary behavior of ≤ 4  h/day 
(Pr = 0.897). Class 2 comprising 32.7% of adolescents, was 
mainly characterized by insufficient intake of vegetables 
(Pr = 0.489) and fruit (Pr = 0.819), naming V-F cluster. 
Class 3 contained one-tenth of adolescents (9.2%) who 
had frequent consumption of soft drinks (Pr = 0.807) and 
fast food (Pr = 0.575), calling D-F cluster. Class 4, con-
sisted of 12.0% of adolescents who were most likely to 
have tobacco smoking (Pr = 0.462) and alcohol drinking 
behaviors (Pr = 0.919), labelling S-A cluster (Table 4).

The main analysis showed that compared with H–L 
cluster, V-F cluster was related to the highest odds of 
suicidal ideation (OR = 1.43, 95%CI 1.24–1.65) and 
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suicidal plan (OR = 1.42, 95%CI 1.19–1.69). As for sui-
cidal attempts, the highest odd was observed in D-F clus-
ter (OR = 2.85, 95%CI 1.35–6.03) whereas the lowest in 
S-A cluster (OR = 1.18, 95%CI 1.04–1.34) (Table 3).

In subgroup analyses, S-A cluster was associated with 
the highest odds of suicidal ideation (OR = 2.00, 95%CI 
1.08–3.73) and suicidal plan (OR = 1.79, 95%CI 1.35–
2.37) in adolescents under 13  years of age, followed by 
V-F cluster (OR = 1.41, 95%CI 1.24–1.61 for ideation; 
OR = 1.45, 95%CI 1.22–1.72 for plan). In terms of suicidal 
attempts, S-A cluster was related to the highest odds 
among adolescents with the highest SES level (OR = 5.10, 
95%CI: 2.62–9.95) (Fig. 3).

Additional analyses of eight single lifestyle factors asso-
ciated with suicidality were shown in Additional file  1: 

Table S10. Briefly, we found that tobacco smoking, alco-
hol drinking, and sedentary behaviors were the first three 
risk factors for STBs with the strongest and most signifi-
cant effect sizes.

Discussion
The present study including a large sample of young ado-
lescents from 45 LMICs provides a cross-national esti-
mate of the positive association between clustering of 
lifestyle risk factors and STBs. The findings of this study 
provide insights into the modifiable lifestyle-oriented ini-
tiatives on suicide prevention for teenagers.

Unfavorable lifestyle behaviors have been widely 
reported to co-occur and cluster together among young 
adolescents. In LMICs, the proportions of co-occurring 

Fig. 1 Scatter plots of lifestyle risk scores by economic and human development indicators
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Table 2 Characteristics of the total population in this study

Characteristic Total

Unweighted N Weighted %

N 229,041 100

Country-level factors

 Income status

  LIC 23,905 13.01

  LMC 75,581 67.57

  UMC 129,555 19.42

 World region

  East Asia & Pacific 86,319 52.35

  Latin America & Caribbean 80,796 8.88

  Middle East & North Africa 17,146 9.62

  South Asia 20,551 17.50

  Sub‑Saharan Africa 24,229 11.65

 Survey year

  2009–2012 56,129 16.82

  2013–2015 71,651 69.91

  2016–2018 101,261 13.27

Demographic characteristics

 Age, years

   ≤ 13 50,395 25.93

  14 49,356 23.54

  15 49,287 20.56

   ≥ 16 78,708 29.97

  Missing 1,295

 Sex

  Male 109,258 51.47

  Female 117,260 48.53

  Missing 2,523

 Body mass index, kg/m2

  Level 1 (lowest) 45,915 34.77

  Level 2 45,864 27.40

  Level 3 45,678 21.73

  Level 4 (highest) 45,625 16.10

  Missing 45,959

 Education level (grade)

  Junior 92,560 43.96

  Middle 81,524 30.69

  Senior 51,387 25.35

  Missing 3,570

 Proxy of SES

  Highest 121,741 49.27

  High 43,491 18.28

  Medium 48,458 26.20

  Low 7,937 3.60

  Lowest 5,300 2.65

  Missing 2,114

Lifestyle risk factors

 Co‑occurring risk behaviours

  None 4,384 2.68

  One‑single 31,368 20.20

  Two or more 161,030 77.12

LIC Low-income country, LMC Lower-middle-income country, UMC Upper-
middle-income country, SES Socioeconomic status

Table 2 (continued)

Characteristic Total

Unweighted N Weighted %

  Missing 32,259

 Fruit consumption

  Daily 125,510 63.03

  Not daily 101,634 36.97

  Missing 1,897

 Vegetables consumption

  Daily 15,3147 78.64

  Not daily 61,634 21.36

  Missing 14,260

 Soft drink consumption

  Not daily 137,380 61.80

  Daily 89,984 38.20

  Missing 1,677

 Fast food consumption

   ≤ 1 day/wk 169,858 73.10

   > 1 day/wk 57,740 26.90

  Missing 1,443

 Tobacco smoking

   < 1 day/month 189,926 86.86

   ≥ 1 day/month 38,316 13.14

  Missing 799

 Alcohol drinking

   < 1 day/month 164,339 86.42

   ≥ 1 day/month 54,617 13.58

  Missing 10,085

 Physical activity for at least 1 h per day

  Daily 35,461 15.29

  Not daily 189,197 84.71

  Missing 4,383

 Sedentary behaviour

   ≤ 4 h/d 183,406 87.01

   > 4 h/d 40,517 12.99

  Missing 5,118

Suicidality

 Suicidal ideation

  No 205,389 92.63

  Yes 18,220 7.37

  Missing 5,432

 Suicidal plan

  No 205,525 94.19

  Yes 15,416 5.81

  Missing 8,100

 Suicidal attempt

  No 201,968 95.41

  Yes 13,747 4.59

  Missing 13,326
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risk behaviors were varying, with the lowest proportion 
found in Indian adolescents (19%) [29], whereas the high-
est proportion in Chinese adolescents (85%) [23]. Any 
comparison across nations was limited since the estimates 
were biased by country heterogeneity, risk behaviors com-
ponent, instruments used, and analytic methods. In this 
study, we ascertained multiple correlates of unhealthy 
lifestyles, including income status, sex, age, and education 

level. Consistent with prior research, unhealthy behaviors 
were more prevalent in lower socioeconomic groups [30], 
male adolescents [31], and senior students [32]. The above 
evidence indicated that interventions targeted at unhealthy 
lifestyles should be sex-, age-, and socioeconomic-specific.

This study strongly supported that the clustering of 
lifestyle risk behaviors were associated with an increased 
risk of adolescent STBs. Several plausible explanations 

Table 3 Association between clustering of risk behaviours and suicidality in the overall samples

OR odds ratio, CI Confidence interval, H–L Healthy lifestyles, V-F Insufficient intake of vegetables and fruit, D-F Frequent consumption of soft drink and fast food, S-A 
Tobacco smoking and alcohol drinking

Suicidal ideation Suicidal plan Suicidal attempt

OR (95%CI) P OR (95%CI) P OR (95%CI) P

Lifestyle risk score
 Favorable 1.00 1.00 1.00

 Intermediate 1.24 (1.13–1.36)  < 0.001 1.22 (1.12–1.33)  < 0.001 1.31 (1.16–1.49)  < 0.001

 Unfavorable 1.48 (1.30–1.69)  < 0.001 1.53 (1.34–1.75)  < 0.001 3.11 (2.64–3.65)  < 0.001

 Continuous 1.22 (1.14–1.30)  < 0.001 1.24 (1.16–1.32)  < 0.001 1.82 (1.68–1.98)  < 0.001

Lifestyle risk cluster
 H–L cluster 1.00 1.00 1.00

 V‑F cluster 1.43 (1.24–1.65)  < 0.001 1.42 (1.19–1.69)  < 0.001 2.43 (1.62–3.64)  < 0.001

 D‑F cluster 1.19 (0.83–1.70) 0.224 1.25 (0.89–1.74) 0.130 2.85 (1.35–6.03) 0.001

 S‑A cluster 1.26 (1.15–1.37)  < 0.001 1.20 (1.07–1.34) 0.001 1.18 (1.04–1.34) 0.010

Fig. 2 Subgroup analyses on associations of lifestyle risk score with suicidal thoughts and behaviours (LIC Low‑income country, LMC 
Lower‑middle‑income country, UMC Upper‑middle‑income country, SES Socioeconomic status, OR Odds ratio, CI Confidence interval)
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involving biology and psychosociology have been pro-
posed to underline such nexus. For biological pathways, 
tobacco smoking was relevant to the increased levels of 
nicotine and the decreased activity of the hippocampal 
serotonergic system [6]; alcohol drinking was involved in 
STB via alcohol dependence [33]; insufficient consump-
tion of fruit and vegetables was reportedly associated 
with lower levels of minerals, vitamins, and antioxidants 
[34, 35]; frequent consumption of fast food and soft 
drinks was found related to higher levels of sugar, caf-
feine, and serum C-reactive protein [36–38]; lacking 
physical activity might reflect lower levels of brain sero-
tonin [39]; the combination of which could deteriorate 
the adverse effects of systemic inflammation, oxidative 
stress, impaired emotional regulation on psychologi-
cal well-being, which in turn increased the risk of STBs 
[40–42]. For psychological pathways, previous studies 
have ascertained the associations between smoking and 
impulsivity [43], drinking and vulnerability [44], physi-
cal activity and body image [45], sedentary behavior 

and psychological distress [46, 47], and the above psy-
chological factors may act as the mediators [44, 48–50], 
concurrently explaining the relationship of lifestyle risk 
behaviors with STBs. For sociological pathways, physical 
activity enhanced the interactions with the natural envi-
ronment and increased social cohesion [51], while inertia 
and sedentary behaviors induced social solitude and poor 
interpersonal relationships [52], which were confirmed 
determinants for STBs [53].

We interestingly found that clustering of frequent soft 
drink and fast-food consumption, rather than other life-
style risk clusters, was strongest associated with suicidal 
attempts in LMICs. It is remarkable that LMICs have 
greater availability of nutrient-poor and energy-dense 
foods, the resultant burden of adolescent malnutrition 
may increase the risk of suicidality in these countries [54]. 
In the country-level analyses, we observed that cluster-
ing of smoking and alcohol drinking contributed more 
to STB in the South Asia region. Since the major tobacco 
production and export countries are located in South 

Table 4 Four‑class model: estimated probabilities by latent class membership

Bolded indices are the highest probabilities in the rows

H–L cluster Healthy lifestyles, V-F cluster Insufficient intake of vegetables and fruit, D-F cluster Frequent consumption of soft drink and fast food, S-A cluster Tobacco 
smoking and alcohol drinking behaviours

lifestyle risk factor Class 1
(H–L cluster)

Class 2
(V-F cluster)

Class 3
(D-F cluster)

Class 4
(S-A cluster)

N, % 105,653 (46.1) 74,791 (32.7) 21,138 (9.2) 27,459 (12.0)

Fruit intake
 Daily 0.893 0.181 0.767 0.216

 Not daily 0.107 0.819 0.233 0.784

Vegetable intake
 Daily 0.907 0.511 0.820 0.442

 Not daily 0.093 0.489 0.180 0.558
Soft drink consumption
 Not daily 0.544 0.805 0.193 0.702

 Daily 0.457 0.195 0.807 0.298

Fast food consumption
  ≤ 1 day/wk 0.758 0.842 0.425 0.792
  > 1 day/wk 0.242 0.158 0.575 0.208

Tobacco smoking
  < 1 day/month 0.942 0.919 0.577 0.539

  ≥ 1 day/month 0.058 0.081 0.423 0.462
Alcohol drinking
  < 1 day/month 0.921 0.900 0.513 0.081

  ≥ 1 day/month 0.079 0.100 0.487 0.919
Physical activity
 Daily 0.162 0.133 0.203 0.161

 Not daily 0.838 0.867 0.797 0.839

Sedentary behaviour
  ≤ 4 h/d 0.897 0.825 0.706 0.680

  > 4 h/d 0.103 0.175 0.294 0.320
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Asia and smokeless tobacco products are widely used in 
South Asians [55], adolescents from such regions are more 
likely to be exposed to tobacco environments, which fur-
ther increases the risk of STBs. On the contrary, STB risk 
in East Asia and Pacific countries was found attributed 
more to frequent soft drink and fast-food consumption 
clusters. A potential explanation is that some common 
sugar-sweetened beverages and fast-food brands are often 
counterfeited in these countries, where higher levels of 
sugar, caffeine, salt, and fat are added in these counterfeits 
that will further induce STBs via the aforementioned bio-
logical mechanisms. Another noticeable finding was that 
the lifestyle-STB risk association was weaker among ado-
lescents living in Sub-Saharan Africa than in other regions. 
The ascertainment of any plausible explanation was diffi-
cult due to different sociocultural backgrounds and limited 
research. One possible hypothesis was that several social 
adversities we undetected here such as violence, wars, and 
displacement were more common in these regions [56], 
which may negatively bias the association.

Results of the individual-level analyses indicated that 
female students with clustering of tobacco smoking and 
alcohol drinking behaviors had higher odds of STBs com-
pared with their male counterparts. It may be related to 
the fact that females’ smoking and drinking behaviors are 
sometimes stigmatized in some cultures which in turn 
intensifies the STB risk [57, 58]. In addition, we observed 
a stronger lifestyle-STB relationship among those with 
younger ages and lower grade levels. This finding is sup-
ported by similar evidence in prior research. Aseltine, et al. 
found that youths aged 13 years and younger with heavy 
episodic drinking (HED) behavior had 2.6 times more 
likely to attempt suicide, in contrast to 1.2 times among 
those with the same HED behavior aged 18 years and older 
[59]. Peltzer, et al. also found that early substance use (initi-
ation < 12 years vs. ≥ 12 years) including tobacco, smoking, 
and drug was associated with a 12 to 144% higher absolute 
risk of suicidal ideation and 63 to 291% increased absolute 
risk of suicidal attempt [60]. Because early adolescence is a 
period of rapid development change, where organisms are 

Fig. 3 Subgroup analyses on associations of different lifestyle risk clusters with suicidal thoughts and behaviours (LIC Low‑income country, 
LMC Lower‑middle‑income country, UMC Upper‑middle‑income country, SES Socioeconomic status, OR Odds ratio, CI Confidence interval, V‑F 
Insufficient intake of vegetables and fruit, D‑F Frequent consumption of soft drink and fast food, S‑A Tobacco smoking and alcohol drinking)
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most sensitive to perturbation [59]. Early adolescence can 
be a susceptible time window where exposure to unfavora-
ble lifestyles contributes more to STB risk. This informs 
that healthy lifestyles should be formed at an early age as 
a potential suicide prevention strategy among adolescents.

The strengths of our study included the use of nation-
ally representative data and the large sample size from 45 
low- and middle-income countries. The GSHS was imple-
mented via the same standardized methods, such as sam-
pling strategy, data collection procedure, wording, and 
coding of the core questionnaire, which largely reduced the 
bias between countries and made the results more compa-
rable. In addition, the lifestyle risk cluster was constructed 
using a sufficient dimension reduction technique as well 
as a latent class analysis. The comprehensive and sophisti-
cated analytics made the results reliable and credible.

However, some limitations should be noted in interpret-
ing our findings. First, all data were self-reported, result-
ing in the potential reporting and recall bias. Second, the 
precision of the association estimates may be subject to 
the single-item measurement for all behaviors and STBs 
variables. Third, data included in this study were collected 
over a 10-year period across different geographic locations, 
and thus any direct comparisons between countries should 
be treated with caution. Fourth, the timeframe of different 
lifestyle behaviors in the survey did not overlap completely, 
but lifestyles are sometimes stable and change little within 
a year. Furthermore, our sample precluded those who did 
not attend school, making the results not generalizable to 
off-school adolescents of the same age. Finally, as with other 
cross-sectional studies, we could not draw any conclusion 
on the causal inferences of the lifestyle-STB relationship.

Conclusions
In conclusion, this large cross-national study indicated that 
lifestyle risk clusters were informative for suicide risk strat-
ification among school-attending adolescents in LMICs. 
Our findings emphasize the need to initiate modifiable-
lifestyle-oriented suicide prevention strategies, considering 
region-, sex-, age-, and socioeconomic-specific initiatives.
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