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Background: Suicide is the fourth leading cause of death for adolescents,

and globally, over 75% of completed suicides occur in low- and middle-

income countries (LMICs). Bullying has been proven to be closely related

to suicide attempts. However, further understanding of the mechanisms

underlying the relationship between bullying and adolescents’ suicide attempts

is urgently needed.

Methods: We used data from the Global School-based Student Health Survey

(GSHS) (2010–2017) from 41 LMICs or regions. This study was based on questions

assessing bullying victimization, suicide attempts, sleep deprivation, and body

mass. Chi-square tests were used to explore the correlations among the main

variables. The mediating role of sleep deprivation and the moderating role of body

mass index (BMI) were analyzed using PROCESS.

Results: The results showed a positive association between bullying victimization

and suicide attempts. Sleep deprivation partially mediated the relationship

between the frequency of being bullied and suicide attempts. In addition, sleep

deprivation played a full or partial mediating role in the relationship between

di�erent types of bullying and suicide attempts. BMI moderated the relationships

between the frequency of being bullied and suicide attempts, between beingmade

fun of about one’s body and sleep deprivation, and between sleep deprivation and

suicide attempts.

Conclusion: Being bullied has a positive e�ect on suicide attempts, which is

mediated by sleep deprivation and moderated by body mass. The results of

this study are consistent with the stress-diathesis model of suicide, suggesting

that being bullied is one of the stressors of suicide in adolescents, while sleep

deprivation and body mass are susceptibility diatheses of suicide. The results are

conducive to identifying adolescents at a high risk of suicide, suggesting that there

is a need to paymore attention to bullied adolescents, especially their sleep quality

and bodymass, and design e�ective interventionmeasures to improve the current

situation of adolescent suicide in LMICs.
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Background

Suicide is the fourth leading cause of death for adolescents, and

it has become a major public health concern (1). Rates of attempted

suicide and death by suicide have been increasing for more than

a decade (2). The global age-standardized suicide rate was 9.0 per

100,000 population for 2019, while the majority of deaths by suicide

occurred in low- and middle-income countries (LMICs), with a

77% probability. It is worth noting that 88% of adolescents who

died by suicide were from LMICs, where nearly 90% of the world’s

adolescents live (1). According to research, suicide and bullying

are strongly linked (3). Bullying is a type of aggressive behavior

that occurs repeatedly in interpersonal relationships where power

imbalances exist, increasing the risk of physical and psychosocial

problems through its influence (4). The involvement of adolescents

in bullying is becoming an important public health problem that is

attracting the attention of researchers.

Suicide attempt

Suicide can be classified as suicidal ideation, suicidal plan,

and suicide attempt. In a previous study, suicidal ideation was

reported by 24.66%, suicidal planning was reported by 15.55%, and

suicide attempts were reported by 4.37% of adolescents (5). Suicide

attempts are the most serious of the three, directly damaging

health, with the most serious consequences being disability or even

death. Attempted suicide refers to an intentional, self-inflicted, life-

threatening act that results in physical injury but not death (6).

Suicide attempts are up to 30 times more common than suicides;

however, they are important predictors of repeated attempts and

completed suicides (7). Suicide attempts are undertaken most

frequently by young people (8). Therefore, we need to pay more

attention to suicide among teenagers, especially in LMICs.

In 1960, Bleuler highlighted the role of diathesis-stress

interactions in the course of schizophrenia (9), and in 1980,

DeCatanzaro extended the concept to the mechanism of suicide

(10). In the stress-diathesis model of suicide, stress is considered

to be the stressful environment or life events (such as tension in

relationships and academic pressure) that trigger suicidal behavior,

while diathesis refers to the individual vulnerability or susceptibility

to suicide. The stress-diathesis model holds that suicide is the

result of an interaction between state-dependent (environmental)

stressors and a similarly characterized diathesis or susceptibility

to suicidal behavior. It was believed that diathesis was primarily a

biological trait produced by genetic predisposition, that is, genetic

vulnerability (11, 12). Studies in recent years have also expanded

the term to include cognitive and social factors that predispose

people to suicidal behavior, such as traits of impulsivity (13).

Among the stressors that trigger suicidal behavior in adolescents,

we need to pay special attention to bullying. Bullying is a deliberate

Abbreviations: GSHS, the Global School-Based Student Health Survey; LMICs,

low- and middle-income countries; DSM-V, the Diagnostic and Statistical

Manual of Mental Disorders Fifth Edition; SLOW, sleep loss over worry; BMI,

body mass index; OSA, obstructive sleep apnea; CDC, Centers for Disease

Control and Prevention; IBB, identity-based bullying.

and aggressive behavior commonly seen in school settings. The

main social living environment of adolescents is school, and the

adverse events occurring in school easily affect the mental health of

adolescents. Researchers have found that being a victim of bullying

is significantly associated with reports of suicidal ideation and

attempts (14–17). In summary, being bullied can be considered a

significant stressor in adolescent suicide in LMICs.

The impact of bullying victimization on
suicidal behavior

Bullying is an intentional and aggressive behavior that is

performed repeatedly and based on an imbalance of power between

the perpetrator and victim (18, 19). Our research is based on the

Global School-based Student Health Survey (GSHS) initiated by the

WHO, which uses a self-administered questionnaire to obtain data

concerning young people’s health behavior and protective factors

related to the leading causes of morbidity and mortality among

children and adults worldwide. The GSHS subdivides the content of

bullying into being hit, kicked, pushed, shoved, or locked indoors;

being made fun of because of race, nationality, or color; being

made fun of because of religion; being made fun of with sexual

jokes, comments, or gestures; being left out of activities on purpose

or being completely ignored; being made fun of because of how

one’s body or face looks; and being bullied in some other way.

Previous research has shown that male subjects appear to engage

in more physical forms and female subjects appear to engage in

more relational forms of bullying and that physical bullying is

more prevalent in younger age groups (20–22). In the GHSH’s

detailed division of bullying, being hit, kicked, pushed, shoved,

and locked indoors are types of physical bullying, and the other

types are more prone to relational bullying. In addition, former

studies have found that bullying is related to prejudice and that

the risk of bullying and victimization is not equal across student

groups. A number of studies have indicated that students with

disabilities or suffering from obesity and those belonging to ethnic

or sexual minorities are at greater risk of being victimized than

their peers (23–26). This suggests that the occurrence of bullying

behaviors is also related to some inherent characteristics of the

bullied. Bullying has negative health consequences for both bullies

and victims, and it can have a negative impact on bystanders as

well. Several longitudinal studies from different countries, along

with systematic reviews and meta-analyses, have demonstrated the

relationship between school bullying or the experience of being

victimized and later health outcomes (27–30). These associations

hold even after controlling for other childhood risk factors (31).

Bullying is even a major risk factor for adolescent suicide, which

has been shown in some longitudinal and cross-sectional studies

(32–35). Physical bullying perpetration, in particular, may put

adolescents in situations where they are actually injured (i.e., victim

defends themselves) or where there is a threat of injury. Thus,

bullies may repeatedly experience physical pain and threatening

situations. Through habituation and conditioning, exposure to

these types of painful and provocative events makes people more

capable of making potentially lethal suicide attempts (36). Research

by Barzilay et al. also showed that physical victimization is related
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to suicidal ideation and that relationship victimization is related

to suicide attempts (37). In addition, extensive research evidence

indicates that bullying victimization is a factor related to sleep

impairment in adolescents.

The mediating e�ect of sleep deprivation

The average sleep needed for an adolescent to maintain health

is 8–10 h per night (38). The Youth Risk Behaviour Survey found

that 72.7% of students reported an average of <8 h of sleep

on school nights (39). As many as one-fourth of adolescents

report sleeping 6 h or less per night (40). Therefore, sleep

deprivation is a significant public health concern (41). The effects

of sleep deprivation on adolescents can be particularly detrimental,

impacting their ability to learn, manage mood and anxiety, develop

relationships, avoid accidents, and stay physically healthy (42).

However, sleep deprivation, but not eveningness, is significantly

linked to suicidality after controlling for mood symptoms (43).

A number of recent studies have identified sleep deprivation as

a modifiable, independent suicide risk factor (44). Studies have

shown that improved sleep might reduce suicide risk (45). In

conclusion, sleep deprivation is one of the possible diatheses in the

stress-diathesis model of suicide.

Adolescence is a period marked by changes in sleep timing and

patterns, and several factors may contribute to sleep deprivation

in adolescents, including biological and psychological aspects.

Physiologically, the adolescent sleep-wake cycle is shifted, and

melatonin secretion is delayed, leading to a delay in the circadian

rhythm, resulting in a mismatch between adolescents’ preferred

sleep time and social needs such as going to school. From a

psychological point of view, stressful life events such as academic

pressure and interpersonal relationships, as well as mental health

problems such as depression, will all lead to sleep loss over

worry (SLOW) in adolescents. Bullying victimization is also an

important factor in this. Previous research indicated that bully

victimization was consistently and positively linked to SLOW,

with greater odds of sleep deprivation among students with severe

SLOW who were bullied for 3 days or more (46). A similar

pattern was found across all bullying roles, with more sleep

disturbances for victims and bully victims (47). It is possible that

the fear associated with being bullied and rumination over bullying

experiences may interfere with the onset of sleep and contribute to

poor sleep quality. Evidence supports a robust association between

bullying victimization and sleep problems (i.e., difficulties falling

or remaining asleep). Bullying victimization is thus an independent

risk factor for sleep disturbances and warrants deeper investigation,

particularly in adolescence. Based on the above, we find that sleep

deprivation is related to bullying and suicide. The purpose of our

study is to explore whether sleep deprivation plays a mediating role

in the pathway from bullying to suicide.

Body mass as a moderator

As early as 1966, increasingly well-powered and well-designed

studies have demonstrated a relationship between a heavier BMI

and a lower risk of suicide (48). A systematic review and meta-

analysis conducted by Perera and colleagues showed a negative

correlation between BMI and completed suicide; the evidence for

the association between BMI and suicide attempt was inconsistent,

and when confounding factors were considered, there was no

correlation between BMI and suicidal ideation (49). However, there

have also been different research results on the relationship between

body mass and suicide. Dong and colleagues found that both

lower and higher BMI were associated with an elevated risk for

attempted suicide and that extreme obesity (BMI ≥ 40 kg/m2)

was significantly associated with attempted suicide (50). We think

BMI might also be a vulnerability trait of suicide. However, there

is still controversy about the relationship between body mass and

suicidal behavior, which urgently needs to be explored, as was done

in this study.

The relationships between bullying victimization, sleep

deprivation and suicide are not always the same in all cases.

Adolescents with overweight or obese have significantly greater

odds than their healthy-weight peers of being victims of bullying

(25). Previous findings indicated that 64% of the study participants

reported weight-based victimization at school and that the risk

of weight-based victimization increased with body weight (51).

However, research by Thakkar et al. in India found that higher BMI

corresponded to less victimization for boys (52). Koyanagi et al.

found that compared with normal weight, being overweight and

obese were associated with significantly higher odds of any form

of bullying victimization only among girls. Among boys, these

associations were not significant overall (53).

Studies have shown that a reduction in sleep time is related to

an increase in eating (54). Short sleep times reduce the activity of

circuits related to control and inhibition, leading to poor resistance

to temptation and self-control in the presence of food, that is,

increasing the level of external eating, whichmay lead to an increase

in BMI (55). In addition, from a medical point of view, people

with high BMI are susceptible to obstructive sleep apnea (OSA),

which can lead to poor sleep quality (48). In summary, we deduced

a vicious cycle between obesity and lack of sleep. Obese people

are prone to lack of sleep, and poor sleep can also aggravate the

occurrence of obesity. Based on previous literature, we have known

that sleep deprivation has a positive effect on suicide (44, 45).

Therefore, it is not difficult to infer that body mass can further

increase the probability of bullying victims engaging in suicidal

behavior through a positive effect on sleep deprivation. Based on

the theoretical and empirical results discussed earlier, body mass

may play a moderating role in the relationship between bullying

victimization, sleep deprivation, and suicidal behavior.

This study

The majority of previous research has focused on the

association between bullying victimization and suicide. However,

studies clarifying the interaction among bullying victimization,

sleep deprivation, and suicide are scarce, and few studies have

discussed the role of body mass. In addition, most of the previous

studies have focused only on the impact of the frequency of being

bullied on suicide, while this study examined both the frequency
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of being bullied and the different types of bullying. There is no

clear understanding of the underlying mediating mechanisms and

moderating factors that may affect this association. In particular,

this study had multiple aims. First, we examined whether bullying

victimization has an effect on the suicide attempt of adolescents.

Second, we examined whether sleep deprivation mediates the

relationship between bullying victimization and suicide attempts

among adolescents. Third, we tested whether the relationship

between bullying victimization and suicide attempts through sleep

deprivation is regulated by body mass. In summary, our hypotheses

were as follows:

Hypothesis 1. Being bullied is positively associated with suicide

attempts in adolescents, and this applies to different types of

bullying content.

Hypothesis 2. Being bullied predicts suicide attempts in

adolescents through sleep deprivation. Being bullied can cause the

victim’s sleep condition to deteriorate, thereby further inducing

suicide attempts.

Hypothesis 3. BMImoderates the relationship between bullying

victimization and suicide attempts in adolescents through sleep

deprivation. Specifically, the influence of being bullied on sleep

deprivation and the influence of sleep deprivation on suicide

attempts of adolescents differ in different BMI groups, and this

effect is more significant in people with high BMI.

Methods

Sources of data

We analyzed the most recent Global School-based Student

Health Survey (GSHS) data (2010–2017) from 41 LMICs or

regions. GSHS data, methods, and main findings are available

on theWHO (http://www.who.int/ncds/surveillance/gshs/en/) and

the Centers for Disease Control and Prevention (CDC)’s websites.

According to the World Health Organization (WHO), adolescents

are individuals aged between 10 and 19 years, and 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 young people mostly aged 12–17 years (53, 56).

To facilitate comparisons between countries, we excluded survey

responses collected before 2010. Only the most recent GSHS was

analyzed for countries that had completed more than one survey.

Our final sample size is 121,869.

GSHS consistently used a two-stage cluster sampling strategy to

obtain a nationally representative sample of middle school students

in all countries. The first stage involved selecting random schools

from a country based on their size in proportion to the probability

distribution. During the second stage, classes from the schools were

selected with systematic equal probability sampling and random

start. In the sampling frame, all students from the selected school

classes were included. It is possible to translate the questionnaire

into any language. Students’ records are identified, and data were

collected by automated optical character recognition on computer-

scannable answer sheets.

The GSHS administration is approved by either a Ministry

of Education or a Health Research Ethics Committee in each

participating country. Participants and their guardians in each

country provided verbal or written consent.

Main variables

The following aspects were the focus of our analysis: situation

of being bullied, suicide attempt, sleep deprivation, and BMI. These

questions are available from the questionnaire of GSHS (57).

The situation of being bullied consisted of two parts: the

frequency of being bullied and the types of bullying. “The frequency

of being bullied” was assessed with the following question: “During

the past 30 days, on how many days were you bullied?” The

response options for the question were “0 days,” “1 or 2 days,” “3

to 5 days,” “6 to 9 days,” “10 to 19 days,” “20 to 29 days,” and “All

30 days.” “The types of bullying” were assessed by the following

question: “During the past 30 days, how were you bullied most

often?” The response options for the question were “I was not

bullied during the past 30 days,” “I was hit, kicked, pushed, shoved

around, or locked indoors,” “I was made fun of because of my race,

nationality, or color,” “I was made fun of because of my religion,” “I

was made fun of with sexual jokes, comments, or gestures,” “I was

left out of activities on purpose or completely ignored,” “I was made

fun of because of how my body or face looks,” and “I was bullied in

some other way.”

“Suicide attempt” was assessed by the question “During the

past 12 months, how many times did you actually attempt suicide.”

The response options for the question were “0 times,” “1 time,”

“2 or 3 times,” “4 or 5 times,” and “6 or more times,” In the chi-

square test, we coded the answer “0 times” as “does not have the

experience of suicide attempt” and the responses “1 time,” “2 or 3

times,” “4 or 5 times,” and “6 or more times” as “has the experience

of suicide attempt.”

“Sleep deprivation” was assessed by the following question:

“During the past 12 months, how often have you been so worried

about something that you could not sleep at night?” The response

options for the question were “Never,” “Rarely,” “Sometimes,” “Most

of the time,” and “Always.”

“BMI” was calculated with data on height and weight using the

formula BMI= weight (kg)/height (m) squared.

Control variables

Age, gender, other mental health problems (loneliness), and

relationships with peers (having close friends, if other students

are kind and helpful or not) of the respondent were included

as covariates.

Statistical analyses

The statistical analyses were conducted in SPSS v.21.0 with the

addition of the PROCESS plug-in for moderation and mediation

analyses. The analysis of correlations among the main variables

was carried out using chi-square tests. Then, the mediating role of

sleep deprivation and the moderating role of BMI were analyzed
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in PROCESS, and robust standard errors and bootstrap confidence

intervals were derived from 5,000 bootstrap samples. The result

is statistically significant if the confidence interval excludes 0. We

adjusted for covariates in the moderation and mediation analyses.

Results

We identified 41 LMICs with the GSHS datasets, removed the

cases with missing values, and finally included a sample size of

121,869. The proportion of male participants in the sample was

44.8%. The results indicated that 9.7% of the participants reported

having experienced a suicide attempt, and 40.9% of the participants

reported having been exposed to bullying.

Descriptive statistics and chi-square test

The descriptive statistics for the variables and the results of the

chi-square test are shown in Table 1. We found that being bullied

more frequently can lead to higher rates of suicide attempts. Among

the types of bullying, “make fun because of religion” was the most

strongly associated with suicide attempts. In total, 25.0% of people

who were made fun of because of their religion attempted suicide.

A total of 79.8% of adolescents reported having sleep deprivation.

When the degree of sleep deprivation was more severe, the rate

of suicide attempts was higher. In total, 7.90% of the adolescents

who attempted suicide had a BMI lower than 18.5, and 9.80% of

them had a BMI higher than 30. Furthermore, the chi-square test

of suicide attempts among groups was statistically significant.

The mediating e�ect of sleep deprivation

Table 2 illustrates the mediating effect of sleep deprivation.

Sleep deprivation partially mediated the effect between the

frequency of being bullied and suicide attempts. As expected,

the total effect of the frequency of being bullied (β = 0.085,

t = 61.999, p < 0.001) on suicide attempts in the absence of

sleep deprivation was significant. When sleep deprivation was

added to the analysis as a mediator, the effects of the frequency

of being bullied on sleep deprivation (β = 0.163, t = 62.713,

p < 0.001) were positive, and sleep deprivation (β = 0.086, t

= 57.316, p < 0.001) still positively predicted suicide attempts.

Bootstrapping indicated that sleep deprivation played a significant

role in explaining the association between the frequency of being

bullied and suicide attempts (indirect effect = 0.014, 95% CI

= 0.013–0.015). Regarding the different types of bullying, sleep

deprivation had a full mediating effect between the associations of

suicide attempts with being kicked, pushed, or shoved; being made

fun of about one’s sex; being left out of activities; and being bullied

some other way. It had a partial mediating effect on the associations

between being made fun of about one’s race, being made fun of

about one’s body, and suicide attempt. The details are shown in

Table 2.

Body mass as a moderator

Table 3 illustrates the moderating effect results for BMI. Adding

BMI to themodel led to the following results: (a) frequency of being

bullied (see Figure 1): the product of the frequency of being bullied

and BMI had a significant predictive effect on suicide attempts (β

= 0.001, t = 4.254, p < 0.001). According to simple slope analysis,

bullying frequency was positively associated with suicide attempts

among adolescents with low BMI (simple slope= 0.066, t= 33.800,

p < 0.001) and high BMI (simple slope = 0.077, t = 41.125, p <

0.001). The product of sleep deprivation and BMI had a significant

predictive effect on suicide attempts (β = −0.002, t = 6.213, p <

0.001). In simple slope analysis, it was found that sleep deprivation

was positively related to suicide attempts among adolescents with

low BMI (simple slope = 0.076, t = 35.893, p < 0.001) and high

BMI (simple slope = 0.094, t =45.830, p < 0.001). These results

indicate that as the frequency of being bullied and sleep deprivation

increased, the suicide attempt of high-BMI adolescents increased

more significantly. (b) Types of bullying (see Figures 2, 3): the

product of being made fun of about one’s body and BMI had a

significant predictive effect on sleep deprivation (β = −0.006, t

= −2.268, p < 0.05). Further simple slope analysis showed that

being made fun of about one’s body was positively associated with

sleep deprivation among adolescents with low BMI (simple slope

= 0.564, t = 28.952, p < 0.001) and high BMI (simple slope =

0.523, t = 32.850, p < 0.001). These results indicate that as being

made fun of about one’s body increased, the sleep deprivation of

low-BMI adolescents increased more significantly. Moreover, the

product of sleep deprivation and BMI had a significant predictive

effect on suicide attempts (β = 0.002, t = 6.037, p < 0.001)

for all types of bullying. According to a simple slope analysis,

a positive association was found between sleep deprivation and

suicide attempts among adolescents with low BMI (simple slope =

0.079, t = 39.964, p < 0.001) and high BMI (simple slope= 0.093, t

=51.880, p< 0.001). These results indicate that as sleep deprivation

increased, the suicide attempt of high-BMI adolescents increased

more significantly.

Discussion

Bullying is a serious social behavior problem; bullying has

negative health consequences for victims and is a stressor leading

to victims’ suicidal behaviors (31, 36). Suicide is a major cause

of death for adolescents and arouses widespread social concern.

Considering that almost half of the world’s youth (15–24 years)

live in LMICs (58), research on suicide among these adolescents

is essential. In this study of adolescents in 41 LMICs, we found

a correlation between bullying victimization and suicide attempt;

as the frequency of being bullied increases, the rate of suicide

attempts by victims generally increases. Therefore, being bullied

is positively associated with suicide attempts among adolescents,

and this applies to different types of bullying, which is in line

with Hypothesis 1. The frequency of being bullied and the type

of bullying have different effects on adolescents’ suicide attempts.

In addition, sleep deprivation and body mass, as diathesis factors

of suicide, also play a role in this process, which we will discuss

concretely below.
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TABLE 1 Factors associated with suicide attempts among adolescents (n = 121,869).

Variables Categories Suicide attempts

Yes No p

Age 12 years old 500 (7.30%) 6,390 (92.70%) <0.001

13 years old 1,892 (8.50%) 20,461 (91.50%)

14 years old 2,855 (10.20%) 25,205 (89.80%)

15 years old 2,988 (10.60%) 25,265 (89.40%)

16 years old 2,501 (10.80%) 20,715 (89.20%)

17 years old 1,064 (8.10%) 12,033 (91.90%)

Sex Male 4,301 (7.90%) 50,250 (92.10%) <0.001

Female 7,499 (11.10%) 59,819 (88.90%)

BMI <18.5 2,746 (7.90%) 31,986 (92.10%) <0.001

18.5–24.9 7,701 (10.50%) 65,820 (89.50%)

25–30 931 (10.00%) 8,381 (90.00%)

>30 422 (9.80%) 3,882 (90.20%)

Feeling lonely Never 2,373 (5.70%) 39,317 (94.30%) <0.001

Rarely 2,273 (7.50%) 27,834 (92.50%)

Sometimes 4,027 (10.70%) 33,558 (89.30%)

Most of the time 1,974 (22.10%) 6,948 (77.90%)

Always 1,153 (32.30%) 2,412 (67.70%)

Close friends 0 1,083 (19.80%) 4,394 (80.20%) <0.001

1 1,497 (13.80%) 9,342 (86.20%)

2 1,875 (12.40%) 13,245 (87.60%)

3 or more 7,345 (8.10%) 83,088 (91.90%)

Sleep deprivation Never 2,384 (5.00%) 45,174 (95.00%) <0.001

Rarely 2,931 (8.80%) 30,354 (91.20%)

Sometimes 3,939 (12.50%) 27,563 (87.50%)

Most of the time 1,720 (24.60%) 5,283 (75.40%)

Always 826 (32.80%) 1,695 (67.20%)

The frequency of being bullied 0 days 6,133 (6.90%) 82,784 (93.10%) <0.001

1 or 2 days 2,972 (14.40%) 17,724 (85.60%)

3–5 days 1,112 (19.80%) 4,517 (80.20%)

6–9 days 498 (21.70%) 1,796 (78.30%)

10–19 days 307 (20.90%) 1,162 (79.10%)

20–29 days 177 (26.20%) 499 (73.80%)

All 30 days 601 (27.50%) 1,587 (72.50%)

Types of bullying Not bullied 6,973 (7.30%) 88,405 (92.70%) <0.001

Kicked, pushed, or shoved 669 (20.60%) 2,586 (79.40%)

Made fun of race 533 (20.60%) 2,055 (79.40%)

Made fun because of religion 224 (25.00%) 673 (75.00%)

Made fun of about sex 898 (19.80%) 3,635 (80.20%)

Left out of activities 303 (18.20%) 1,361 (81.80%)

Made fun of about body 873 (18.00%) 3,968 (82.00%)

Some other way 1,327 (15.20%) 7,386 (84.80%)
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TABLE 2 The mediating e�ect of sleep deprivation as a dependent variable (n = 121,869).

Model 1 Model 2 Model 3

Suicide attempts Sleep deprivation Suicide attempts

Variable β t β t β t

The frequency of being bullied 0.085 61.999∗∗∗ 0.163 62.713∗∗∗ 0.071 51.704∗∗∗

Sleep deprivation 0.086 57.316∗∗∗

R2 0.031 0.031 0.056

F 3,843.840 3,932.895 3,616.259

Kicked, pushed, or shoved 0.229 23.822∗∗∗ 0.367 20.300∗∗∗ 0.197 20.739∗∗∗

Made fun of race 0.239 22.215∗∗∗ 0.508 25.209∗∗∗ 0.194 18.281∗∗∗

Made fun because of religion 0.317 17.508∗∗∗ 0.577 17.015∗∗∗ 0.266 14.901∗∗∗

Made fun of about sex 0.221 26.962∗∗∗ 0.548 35.626∗∗∗ 0.173 21.298∗∗∗

Left out of activities 0.203 15.214∗∗∗ 0.54 21.582∗∗∗ 0.156 11.811∗∗∗

Made fun of about body 0.204 25.651∗∗∗ 0.541 36.290∗∗∗ 0.156 19.862∗∗∗

Some other way 0.141 23.331∗∗∗ 0.407 35.921∗∗∗ 0.105 17.585∗∗∗

Sleep deprivation 0.087 58.051∗∗∗

R2 0.023 0.037 0.050

F 417.521 671.44 796.665

∗∗∗p < 0.001.

TABLE 3 Moderating e�ect of BMI (n = 121,869).

Model 1 Model 2

Sleep deprivation Suicide attempts

Variable β t β t

The frequency of being bullied 0.163 62.713∗∗∗ 0.071 51.619∗∗∗

Sleep deprivation 0.085 56.885∗∗∗

BMI −0.004 9.515∗∗∗

The frequency of being bullied∗BMI 0.001 4.254∗∗∗

Sleep deprivation∗BMI 0.002 6.213∗∗∗

R2 0.031 0.057

F 3,932.895 1,480.207

Kicked, pushed, or shoved 0.324 3.18∗∗ −0.072 −1.344

Made fun of race 0.489 4.746∗∗∗ 0.127 2.337∗

Made fun of about sex 0.432 5.177∗∗∗ 0.045 1.014

Left out of activities 0.512 3.895∗∗∗ 0.03 0.436

Made fun of about body 0.675 10.656∗∗∗ 0.103 3.078∗∗

Some other way 0.309 5.008∗∗∗ −0.035 −1.077

Sleep deprivation 0.042 5.599∗∗∗

BMI 0.006 7.692∗∗∗ −0.002 −2.515∗

Made fun of about body∗BMI −0.006 −2.268∗

Sleep deprivation∗BMI 0.002 6.037∗∗∗

R2 0.038 0.051

F 320.371 387.750

∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001.
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FIGURE 1

The moderated mediation model with the frequency of being bullied (n = 121,869).

FIGURE 2

The moderated mediation model with di�erent types of bullying (full mediating e�ects) (n = 121,869). (A) Kicked, pulsed, or showed. (B) Made fun of

about sex. (C) Left out of activities. (D) Some other way.

The impact of di�erent types of bullying on
suicide attempts

Through the analysis of the data, we found a correlation

between bullying victimization and suicide attempts and observed

that different types of bullying had varying degrees of impact

on victims’ suicide attempts. Bullying is a common adverse life

event in adolescents, especially in LMIC, and a study recently

conducted in southwest China showed that∼12.41% of adolescents

had been victimized by bullying (56, 59, 60). Previous studies have

shown that the risk for bullying and victimization are not equal

across student groups; a number of studies have indicated that

students with disabilities and students with obesity, as well as those

belonging to ethnic or sexual minorities, are at greater risk for

being victimized than their peers (23–26). Our results indicate

that adolescents who were bullied because of religion have the

highest probability of suicide attempts, followed by those who were

“kicked, pushed, or shoved” and “made fun of race”. This finding

is similar to the research findings reported by Koyanagi et al. (61)

and may have a possible link between identity cognition (such

as religion and race). Minorities may experience greater stigma

and insufficient self-identification due to identity-based bullying

(IBB). A study by Galán et al. showed that there was a correlation

between IBB victims’ poor mental and physical health, including

non-suicidal self-injury and suicidal ideation (62). However, the

specific mechanism is still unknown. The impact of physical

bullying, such as being “kicked, pushed, or shoved”, on adolescents’

suicide attempts may be derived from two aspects, i.e., mental

and physical. The study by Thomas et al. showed that physical

bullying was associated with high levels of psychological distress

and reduced emotional wellbeing regardless of its frequency (63).

However, victims of physical bullying were more likely to suffer

from physical pain and injury, which may affect their physical

function and health. Exposure to painful and provocative events

could make adolescents more likely to engage in behaviors leading

to suicide (64). The participants in this study were adolescents

in LMICs, but the correlation between bullying victimization

and suicide attempts was consistent in both low-income and
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FIGURE 3

The moderated mediation model with di�erent types of bullying (partial mediating e�ects) (n = 121,869). (A) Made fun of race. (B) Made fun of about

body.

high-income countries. A meta-analysis conducted by Holt et al. of

47 studies mainly conducted in high- and middle-income countries

also showed that bullying victimization was significantly positively

correlated with suicidal behavior (65). Few previous studies have

explored the impact of types of bullying on suicide attempts by

victims, which is also one of the research topics of our study.

According to the stress-diathesis model, even under the same

stressor, different individuals will have different responses because

of their own susceptibility. Our research also confirms this theory.

The regression analysis showed that bullying victimization exerts

a significant indirect impact on suicide attempts through sleep

deprivation. Body mass also moderates the effects of bullying

victimization on suicide attempts.

The mediating e�ect of sleep deprivation

Consistent with Hypothesis 2, we found that sleep deprivation

is a crucial explanatory mechanism linking bullying victimization

to suicide attempts among adolescents in 41 LMICs. Specifically,

adolescents exposed to a higher frequency of being bullied were

prone to have a higher risk of sleep deprivation, which in turn was

related to suicide attempts. The results were also true for different

types of bullying. This study supported previous studies showing

a robust association between bullying victimization and sleep

problems (i.e., difficulties falling or remaining asleep). The effects

of sleep deprivation on children can be particularly detrimental,

impacting their ability to learn, manage mood and anxiety, develop

relationships, avoid accidents, and stay physically healthy (42). A

number of recent studies have identified sleep deprivation as a

modifiable, independent suicide risk factor (44). Therefore, sleep

deprivation is not only ascribed to bullying victimization but

also acts as an internal antecedent of suicide attempts. These

findings extend beyond existing studies by revealing how bullying

victimization is associated with adolescent suicide attempts and

suggest that the frequency of being bullied and various types of

bullying behavior may be closely related to adolescents’ quality

of sleep.

Aside from the overall mediation result, each of the individual

links deserves mention. Regarding the first part of the mediation

process (i.e., bullying victimization → sleep deprivation), our

findings suggest that the frequency of being bullied is positively

related to sleep deprivation. This finding is congruent with previous

research that suggested that bully victimization and loneliness

were consistently and positively linked to SLOW, with greater

odds of sleep deprivation seen among students with severe SLOW

who were bullied for 3 days or more (46). Victims of bullying

have been found to suffer from anxiety, posttraumatic stress,

depression, and suicidal ideation, as well as somatic conditions

such as headaches and stomachaches. At the same time, sleep

has been associated with these negative psychosocial outcomes

commonly seen among both bullies and victims (47). With the

occurrence of bullying, the victim develops emotional distress and

psychological stress, which can lead to sleep deprivation. In the

second phase of the mediation process (i.e., sleep deprivation →

suicide attempt), we found that sleep deprivation was positively

associated with suicide attempts. Sleep deprivation was associated

with suicide attempts, which is supported by robust evidence. For
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example, a review by Zullo et al. showed that sleep deprivation

and eveningness uniquely contributed to poor daytime functioning

and mood-related outcomes, while the coexistence of these two

conditions could confer a greater risk in adolescents. Beyond that,

studies have shown that improved sleep might reduce suicide

risk (45).

The results could also apply to different types of bullying.

Similar intermediate relationships existed between different types

of bullying and sleep deprivation. Previous studies have shown

that a similar pattern was found across all types of bullying, with

more sleep disturbances for victims and bully victims (47). In this

study, being made fun of about one’s body is the bullying style

with the most positive impact on sleep deprivation. The second

is being left out of activities. Being kicked, pushed, or shoved has

the least effect on sleep deprivation. Therefore, we can infer from

this study that verbal bullying has the greatest impact on sleep

deprivation, followed by social bullying, and that physical bullying

has the least impact. The results are consistent with previous

studies. Verbal bullying was found to be easier to implement and

to be the dominant type of bullying among adolescents, reaching

a prevalence of 53.2% (66). Both victim-only and bully victims

involved in verbal bullying also reported havingmore bedtime fears

than bully only youth, while bully victims involved in physical

bullying reported more bedtime fears than bully only youth. Sleep

deprivation was the highest among bully victims involved in verbal

bullying, while sleep deprivation was higher among victim-only

youth involved in social bullying (47). These types of bullying

had a positive effect on sleep deprivation, which could lead to

suicide attempts.

Notably, this study demonstrated that sleep deprivation only

partially mediates the relation between the frequency of being

bullied and suicide attempts. This may be because personal

definitions of bullying are different, leading to deviations in

the frequency of being bullied. The mediating effect of sleep

deprivation on the relationship between bullying type and suicide

attempt was not only fully mediated but also partially mediated.

Being “kicked, pushed, or shoved,” “left out of activities,” and

“made fun of about one’s sex” play a full mediating role, while

being “made fun of about one’s race” and “made fun of about

one’s body” played a partial mediating role. In spite of this, sleep

deprivation is an important linking mechanism that deserves

special attention. Notably, being a victim of school bullying

was found to be significantly associated with reports of suicidal

ideation and attempts (15). In summary, bullying victimization

can be considered a significant factor in adolescent suicide in

LMICs. Sleep deprivation plays crucial direct and indirect roles

in suicide attempts, the extent and mechanisms of which urgently

require investigation.

Body mass as a moderator

Consistent with the results of hypothesis 3, the results of this

research reveal that body mass moderates the relationship between

bullying victimization and suicide attempts. The effects are stronger

among adolescents with a high BMI than among those with a

low BMI. The results of data analysis show that high BMI alone

is a protective factor against suicide attempts. People who are

underweight are more likely to attempt suicide, which is consistent

with most previous studies (49, 67). In addition, body mass plays

a moderating role in the path of bullying victimization to suicide

attempts. Among adolescents with different BMIs, the degree of

influence of being bullied on suicide attempts differs. Adolescents

with high BMI aremore likely to attempt suicide after being bullied.

The current understanding of the mechanism of this regulation

is still unclear, but it may be related to the fact that adolescents

with higher BMI are more likely to be bullied (25, 51). Moreover,

the product of sleep deprivation and body mass has a significant

predictive effect on suicide attempts. This finding suggests that

body mass also moderates the effect of sleep deprivation on suicide

attempts. The data analysis showed that as the frequency of being

bullied and sleep deprivation increased, the suicide attempt of high-

BMI adolescents increased more significantly. Based on a series of

previous studies, we found that there is a vicious cycle between

obesity and lack of sleep (48, 54). Obese people are prone to

lack of sleep, and poor sleep can also exacerbate the occurrence

of obesity. At the same time, sleep deprivation can also act as

an intermediary factor between bullying victimization and suicide

attempts, leading victims to attempt suicide. Therefore, it is not

difficult to infer that BMI can further increase the probability

of suicide by bullying victims through its positive effects on

sleep deprivation. In addition, previous studies have found that

obese people had difficulty regulating their emotions and were

less aware of their interoceptive senses (68). This means that

obese people may have more difficulty dealing with the negative

emotions brought about by being bullied and are more likely to

have suicidal impulses.

In terms of the moderating role of body mass in the influence

of different types of bullying on suicide attempts, the product

of being made fun of about one’s body and body mass has a

significant predictive effect on sleep deprivation. When adolescents

with low BMI were made fun of by their bodies, they were

more likely to suffer from sleep deprivation. This finding is very

important because previous studies have shown that obese people

were more prone to sleep deprivation. On the one hand, this

sleep deprivation may be related to sleep interruption caused by

diseases such as obstructive sleep apnea, gastroesophageal reflux

disease, and asthma, which are diseases that obese people easily

suffer from. On the other hand, sleep deprivation may also be

related to the close relationship between obesity and depression

(69). Regarding why adolescents with low BMI are more prone to

sleep deprivation after being made fun of about their bodies, there

is no appropriate explanation. This may be because adolescents

with low BMI are thinner and more vulnerable to physical harm

after being bullied, which in turn leads to an aggravation of sleep

deprivation. For these types of bullying (being kicked, pushed, or

shoved; beingmade fun of about one’s race; beingmade fun because

of religion; being made fun of about one’s sex; being left out of

activities; being made fun of about one’s body; being bullied some

other way), body mass moderates the effect of sleep deprivation

on suicide attempts. As sleep deprivation increases, the suicide

attempt of high-BMI adolescents increases more significantly,

which is consistent with the moderating path of the frequency
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of being bullied (48, 54, 68). Coupled with the moderating effect

of body mass on suicide attempts, body mass moderates the

complete path of bullying by being made fun of about one’s body

through sleep deprivation, leading to suicide attempts. As body

mass is closely related to body image, its moderating role in this

path is reasonable. For other types of bullying, body mass does

not moderate the relationship between being bullied and sleep

deprivation. The specific mechanism is still unclear and needs

further study.

Based on the above, we believe that bullying victimization is one

of the stress components in the stress-diathesis model of suicide in

adolescents. Under the stress of being bullied, different individuals

respond differently to the stressor due to their own diathesis

factors, and diathesis-related biomarkers or characteristics can

help indicate suicide risk. Our study found that sleep deprivation

plays a mediating role in the pathway of bullying victimization to

suicide attempts in adolescents, and bullying victimization leads to

sleep deprivation, which further induces the emergence of suicide

attempts, while body mass plays a moderating role in this model,

teenagers with BMI values not within the normal range are more

likely to attempt suicide after being bullied. Our study also further

verified the feasibility of the stress-diathesis theory in suicidal

behavior and clarified the interaction between stress and diathesis

components in the stress-diathesis model of suicide.

Limitations and implications

There are a few limitations to our study that can be addressed

through future research. First, although the model in our study

is theoretically grounded and empirically supported, due to

the shortcomings of cross-sectional designs, causality cannot be

determined. There is a need for further longitudinal studies or

intervention experiments to better examine the validity of this

model. Additionally, the questionnaire used in the survey might

lead to recall bias because it was self-reported. Third, the results of

the survey may be biased by social desirability and different cultural

factors across countries. Although the survey was anonymous,

differences in sociocultural factors among countries can lead to

different types of bullying, which might affect self-reporting about

the frequency of being bullied and cause further potential bias.

Finally, this survey did not measure adolescents’ mental illness

(depression, bipolar affective disorders, trauma, etc.) or previous

psychological distress, which made them more vulnerable to

the extent to which bullying victimization could easily trigger

their suicide attempt. We suggest that further focused research

is necessary to further understand the risk as children progress

through adolescence, which is crucial for clinical management and

disease prevention (70, 71).

Despite these limitations, our study has several strengths.

First, the sample is large (126,763 young adolescents aged 12–

17 years) and covers 41 LMICs in the five WHO regions; thus,

it has good applicability and extension. In addition, this study

has important theoretical and practical implications. Overall, this

study provides valuable insight into the relationship between

bullying victimization and suicide attempts, showing the mediating

effects of sleep deprivation and the moderating role of body

mass and offering a theoretical basis for creating a healthy school

environment and promoting mental health among adolescents. In

terms of practicality, our research results can provide a reference

for the prevention of adolescent suicide attempts to reduce the

incidence of teenage suicide, promoting the development of

adolescents’ physical health.

Conclusion

Using a sample of adolescents in 41 LMICs, this study

takes an important step in examining the mechanism by which

bullying victimization is associated with suicide attempts. Bullying

victimization has a positive effect on suicide attempts, which is

mediated by sleep deprivation and moderated by body mass. This

study provides insight into how bullying victimization impacts

adolescents’ suicide attempts. The findings can serve as theoretical

bases for promoting adolescents’ mental health and are conducive

to identifying adolescents at a high risk of suicide, suggesting that

more attention should be given to bullied adolescents, especially

their sleep quality and body mass. Based on this study, we

can design effective intervention measures to reduce the suicide

possibility of bullied adolescents and improve the current situation

of adolescent suicide in LMICs, such as improving sleep quality and

maintaining a healthy body mass.

Data availability statement

Publicly available datasets were analyzed in this study. This data

can be found here: Global School-based Student Health Survey

(GSHS) data presented on the websites of the WHO (http://

www.who.int/ncds/surveillance/gshs/en/) and Centers for Disease

Control and Prevention (CDC).

Ethics statement

In each participating country, the GSHS administration is

approved by the Ministry of Education, a Health Research Ethics

Committee, or both. Verbal or written consent is obtained from

all the participants and their guardians in each country. This study

does not require the approval of ethics or institutional review

boards because the analyses are based on publicly available data.

Author contributions

WB, YQ, and WF: visualization, formal analysis, writing

(original draft), and writing (review and editing). ST: writing

(original draft). YG and SW: writing (review and editing). C-WP:

conceptualization, writing (review and editing), and validation.

C-HZ: conceptualization, visualization, formal analysis, writing

(original draft), writing (review and editing), and validation. TZ:

conceptualization, visualization, formal analysis, writing (original

draft), writing (review and editing), validation, and funding

acquisition. All authors read and approved the final manuscript.

Frontiers in PublicHealth 11 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1064731
http://www.who.int/ncds/surveillance/gshs/en/
http://www.who.int/ncds/surveillance/gshs/en/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Bao et al. 10.3389/fpubh.2023.1064731

Funding

This research was supported by the MOE (Ministry of

Education in China) Project of Humanities and Social Sciences

(22YJCZH243), the Philosophy and Social Science Foundation

of Jiangsu Higher Education Institutions (2022SJYB1454), the

National Natural Science Foundation of China (31800907), and

the Chinese Government Scholarship of China Scholarship

Council (202106920027).

Acknowledgments

We thank participants and participating researchers from the

WHO and the US Centers for Disease Control for making the

Global School-based Student Health Surveys (GSHS).

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. World Health Organization. Suicide Worldwide in 2019 (2021). Available online
at: https://www.who.int/publications/i/item/9789240026643 (accessed at June 16,
2021).

2. Breslin K, Balaban J, Shubkin CD. Adolescent suicide: what can pediatricians do?
Curr Opin Pediatr. (2020) 32:595–600. doi: 10.1097/MOP.0000000000000916

3. Yen CF, Liu TL, Yang P, HuHF. Risk and protective factors of suicidal ideation and
attempt among adolescents with different types of school bullying involvement. Arch
Suicide Res. (2015) 19:435–52. doi: 10.1080/13811118.2015.1004490

4. Carvalho F, Vilaca J, Carvalho AL, Pontes T, Carvalho S. Sleep quality and bullying
- prevalence in a cohort of Portuguese students. Int J Adolesc Med Health. (2020)
34:163–9. doi: 10.1515/ijamh-2020-0018

5. Zygo M, Pawłowska B, Potembska E, Dreher P, Kapka-Skrzypczak L. Prevalence
and selected risk factors of suicidal ideation, suicidal tendencies and suicide
attempts in young people aged 13-19 years. Ann Agric Environ Med. (2019) 26:329–
36. doi: 10.26444/aaem/93817

6. Beck AT, Davis JH, Frederick CJ. Classification and nomenclature. In: Resnick
HLP, Hathorne BC, editors. Suicide Prevention in the 70s. Washington, DC: U.S.
Government Printing Office (1972).

7. Bachmann S. Epidemiology of suicide and the psychiatric perspective. Int J
Environ Res Public Health. (2018) 15:1425. doi: 10.3390/ijerph15071425

8. Polewka A, Kroch S, Maj JC. Suicidal behavior and suicide attempts in adolescents
and young adults–epidemiology, risk factors, prevention and treatment. Przegl Lek.
(2004) 61:261–4.

9. Bleuler M. Conception of schizophrenia within the last fifty years and today
[Abridged]. Proc R Soc Med. (1963) 56:945–52. doi: 10.1177/003591576305601048

10. DeCatanzaro D. Human suicide: a biological perspective. Behav Brain Sci. (1980)
3:265–72. doi: 10.1017/S0140525X0000474X

11. van Heeringen K, Mann JJ. The neurobiology of suicide. Lancet Psychiatry.
(2014) 1:63–72. doi: 10.1016/S2215-0366(14)70220-2

12. Thomas N, Armstrong CW, Hudaib AR, Kulkarni J, Gurvich C. A network
meta-analysis of stress mediators in suicide behaviour. Front Neuroendocrinol. (2021)
63:100946. doi: 10.1016/j.yfrne.2021.100946

13. van Heeringen K. Stress–diathesis model of suicidal behavior. In: Dwivedi Y,
editor. The Neurobiological Basis of Suicide. Boca Raton, FL: CRC Press/Taylor &
Francis. Chapter 6 (2012).

14. Hinduja S, Patchin JW. Bullying, cyberbullying, and suicide. Arch Suicide Res.
(2010) 14:206–21. doi: 10.1080/13811118.2010.494133

15. Sampasa-Kanyinga H, Dupuis LC, Ray R. Prevalence and correlates of suicidal
ideation and attempts among children and adolescents. Int J Adolesc Med Health.
(2017) 29. doi: 10.1515/ijamh-2015-0053

16. Sigurdson JF, Undheim AM, Wallander JL, Lydersen S, Sund AM. The
longitudinal association of being bullied and gender with suicide ideations, self-harm,
and suicide attempts from adolescence to young adulthood: a cohort study. Suicide Life
Threat Behav. (2018) 48:169–82. doi: 10.1111/sltb.12358

17. Zaborskis A, Ilionsky G, Tesler R, Heinz A. The association between
cyberbullying, school bullying, and suicidality among adolescents. Crisis. (2019)
40:100–14. doi: 10.1027/0227-5910/a000536

18. Gladden RM, Vivolo-Kantor AM, Hamburger ME, Lumpkin CD. Bullying
Surveillance Among Youths: Uniform Definitions for Public Health and Recommended
Data Elements, Version 1.0. Atlanta, GA; National Center for Injury Prevention
and Control, Centers for Disease Control and Prevention and U.S. Department of
Education (2014).

19. Vaillancourt T, Mcdougall P, Hymel S, Krygsman A, Miller J, Stiver
K, et al. Bullying: are researchers and children/youth talking about the
same thing? Int J Behav Dev. (2008) 32:486–95. doi: 10.1177/0165025408
095553

20. Besag VE. Understanding Girls’ Friendships, Fights and Feuds: A
Practical Approach to Girls’ Bullying. New York, NY: Open University
Press (2007).

21. Crick NR, Grotpeter JK. Relational aggression, gender, and social-
psychological adjustment. Child Dev. (1995) 66:710–22. doi: 10.1111/j.1467-8624.1995.
tb00900.x

22. Rivers I, Smith PK. Types of bullying behaviour and their correlates.
Aggress Behav. (1994) 20:359–68. doi: 10.1002/1098-2337(1994)20:5<359::AID-
AB2480200503>3.0.CO;2-J

23. Kahle L. Are sexual minorities more at risk? Bullying victimization among
lesbian, gay, bisexual, and questioning youth. J Interpers Violence. (2020) 35:4960–
78. doi: 10.1177/0886260517718830

24. Malecki CK, Demaray MK, Smith TJ, Emmons J. Disability, poverty, and other
risk factors associated with involvement in bullying behaviors. J Sch Psychol. (2020)
78:115–32. doi: 10.1016/j.jsp.2020.01.002

25. Rupp K, McCoy SM. Bullying perpetration and victimization among adolescents
with overweight and obesity in a nationally representative sample. Child Obes. (2019)
15:323–30. doi: 10.1089/chi.2018.0233

26. Xu M, Macrynikola N, Waseem M, Miranda R. Racial and ethnic differences
in bullying: review and implications for intervention. Aggress Violent Behav. (2020)
50:101340. doi: 10.1016/j.avb.2019.101340

27. Arseneault L, Bowes L, Shakoor S. Bullying victimization in youths and
mental health problems: ‘much ado about nothing’? Psychol Med. (2010) 40:717–
29. doi: 10.1017/S0033291709991383

28. Fekkes M, Pijpers FI, Fredriks AM, Vogels T, Verloove-Vanhorick SP. Do
bullied children get ill, or do ill children get bullied? A prospective cohort study
on the relationship between bullying and health-related symptoms. Pediatrics. (2006)
117:1568–74. doi: 10.1542/peds.2005-0187

29. Juvonen J, Graham S. Bullying in schools: the power of
bullies and the plight of victims. Annu Rev Psychol. (2014) 65:159–
85. doi: 10.1146/annurev-psych-010213-115030

30. Wolke D, Lereya ST. Long-term effects of bullying. Arch Dis Child. (2015)
100:879–85. doi: 10.1136/archdischild-2014-306667

31. Menesini E, Salmivalli C. Bullying in schools: the state of
knowledge and effective interventions. Psychol Health Med. (2017)
22:240–53. doi: 10.1080/13548506.2017.1279740

32. Azúa Fuentes E, Rojas Carvallo P, Ruiz Poblete S. Bullying as
a risk factor for depression and suicide. Rev Chil Pediatr. (2020)
91:432–9. doi: 10.32641/rchped.v91i3.1230

Frontiers in PublicHealth 12 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1064731
https://www.who.int/publications/i/item/9789240026643
https://doi.org/10.1097/MOP.0000000000000916
https://doi.org/10.1080/13811118.2015.1004490
https://doi.org/10.1515/ijamh-2020-0018
https://doi.org/10.26444/aaem/93817
https://doi.org/10.3390/ijerph15071425
https://doi.org/10.1177/003591576305601048
https://doi.org/10.1017/S0140525X0000474X
https://doi.org/10.1016/S2215-0366(14)70220-2
https://doi.org/10.1016/j.yfrne.2021.100946
https://doi.org/10.1080/13811118.2010.494133
https://doi.org/10.1515/ijamh-2015-0053
https://doi.org/10.1111/sltb.12358
https://doi.org/10.1027/0227-5910/a000536
https://doi.org/10.1177/0165025408095553
https://doi.org/10.1111/j.1467-8624.1995.tb00900.x
https://doi.org/10.1002/1098-2337(1994)20:5<359::AID-AB2480200503>3.0.CO;2-J
https://doi.org/10.1177/0886260517718830
https://doi.org/10.1016/j.jsp.2020.01.002
https://doi.org/10.1089/chi.2018.0233
https://doi.org/10.1016/j.avb.2019.101340
https://doi.org/10.1017/S0033291709991383
https://doi.org/10.1542/peds.2005-0187
https://doi.org/10.1146/annurev-psych-010213-115030
https://doi.org/10.1136/archdischild-2014-306667
https://doi.org/10.1080/13548506.2017.1279740
https://doi.org/10.32641/rchped.v91i3.1230
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Bao et al. 10.3389/fpubh.2023.1064731

33. Brunstein Klomek A, Sourander A, Gould M. The association of suicide and
bullying in childhood to young adulthood: a review of cross-sectional and longitudinal
research findings. Can J Psychiatry. (2010) 55:282–8. doi: 10.1177/0706743710055
00503

34. Cuesta I, Montesó-Curto P, Metzler Sawin E, Jiménez-Herrera M, Puig-
Llobet M, Seabra P, et al. Risk factors for teen suicide and bullying: an
international integrative review. Int J Nurs Pract. (2021) 27:e12930. doi: 10.1111/ijn.
12930

35. Arseneault L, Walsh E, Trzesniewski K, Newcombe R, Caspi A, Moffitt
TE. Bullying victimization uniquely contributes to adjustment problems in young
children: a nationally representative cohort study. Pediatrics. (2006) 118:130–
8. doi: 10.1542/peds.2005-2388

36. Vergara GA, Stewart JG, Cosby EA, Lincoln SH, Auerbach RP. Non-suicidal self-
injury and suicide in depressed adolescents: impact of peer victimization and bullying.
J Affect Disord. (2019) 245:744–9. doi: 10.1016/j.jad.2018.11.084

37. Barzilay S, Klomek AB, Apter A, Carli V, Wasserman C, Hadlaczky
G, et al. Bullying victimization and suicide ideation and behavior among
adolescents in europe: a 10-country study. J Adolesc Health. (2017) 61:179–
86. doi: 10.1016/j.jadohealth.2017.02.002

38. Paruthi S, Brooks LJ, D’Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et al.
Consensus statement of the american academy of sleep medicine on the recommended
amount of sleep for healthy children: methodology and discussion. J Clin Sleep Med.
(2016) 12:1549–61. doi: 10.5664/jcsm.6288

39. WheatonAG, Jones SE, Cooper AC, Croft JB. Short sleep duration amongmiddle
school and high school students - United States, 2015.MMWRMorb Mortal Wkly Rep.
(2018) 67:85–90. doi: 10.15585/mmwr.mm6703a1

40. Roberts RE, Duong HT. The prospective association between sleep deprivation
and depression among adolescents. Sleep. (2014) 37:239–44. doi: 10.5665/sleep.3388

41. Hsieh C, Rezayat T, Zeidler MR. Telemedicine and the management of insomnia.
Sleep Med Clin. (2020) 15:383–90. doi: 10.1016/j.jsmc.2020.05.004

42. Himelfarb M, Shatkin JP. Pediatric insomnia. Child Adolesc Psychiatr Clin N Am.
(2021) 30:117–29. doi: 10.1016/j.chc.2020.08.004

43. Chan NY, Zhang JH, Tsang CC Li AM, Chan JWY, Wing YK, et al.
The associations of insomnia symptoms and chronotype with daytime sleepiness,
mood symptoms and suicide risk in adolescents. Sleep Med. (2020) 74:124–
31. doi: 10.1016/j.sleep.2020.05.035

44. Woznica AA, Carney CE, Kuo JR, Moss TG. The insomnia and suicide link:
toward an enhanced understanding of this relationship. Sleep Med Rev. (2015) 22:37–
46. doi: 10.1016/j.smrv.2014.10.004

45. Zullo L, Horton S, Eaddy M, King J, Hughes J, Diederich A, et al. Adolescent
insomnia, suicide risk, and the interpersonal theory of suicide. Psychiatry Res. (2017)
257:242–8. doi: 10.1016/j.psychres.2017.07.054

46. Wang Q, Liu YJ, Mati K. Bully victimization is a correlate of sleep loss over worry
(SLOW) among adolescents in four South-East Asian countries. Sleep Med. (2020)
69:179–88. doi: 10.1016/j.sleep.2020.01.022

47. Donoghue C, Meltzer LJ. Sleep it off: bullying and sleep disturbances in
adolescents. J Adolesc. (2018) 68:87–93. doi: 10.1016/j.adolescence.2018.07.012

48. St-Onge MP, Shechter A. Sleep disturbances, body fat distribution, food intake
and/or energy expenditure: pathophysiological aspects. Horm Mol Biol Clin Investig.
(2014) 17:29–37. doi: 10.1515/hmbci-2013-0066

49. Perera S, Eisen RB, Dennis BB, Bawor M, Bhatt M, Bhatnagar N, et al. Body
mass index is an important predictor for suicide: results from a systematic review and
meta-analysis. Suicide Life Threat Behav. (2016) 46:697–736. doi: 10.1111/sltb.12244

50. Dong C, Li WD Li D, Price RA. Extreme obesity is associated with
attempted suicides: results from a family study. Int J Obes. (2006) 30:388–
90. doi: 10.1038/sj.ijo.0803119

51. Puhl RM, Peterson JL, Luedicke J. Weight-based victimization: bullying
experiences of weight loss treatment-seeking youth. Pediatrics. (2013) 131:E1–
9. doi: 10.1542/peds.2012-1106

52. Thakkar N, van Geel M, Malda M, Rippe RCA, Vedder P. Body mass
index and peer victimization: a transactional model. Aggress Behav. (2021) 47:236–
46. doi: 10.1002/ab.21942

53. Koyanagi A, Veronese N, Vancampfort D, Stickley A, Jackson SE, Oh H,
et al. Association of bullying victimization with overweight and obesity among
adolescents from 41 low- and middle-income countries. Pediatr Obes. (2020)
15:e12571. doi: 10.1111/ijpo.12571

54. Burt J, Dube L, Thibault L, Gruber R. Sleep and eating in childhood: a potential
behavioral mechanism underlying the relationship between poor sleep and obesity.
Sleep Med. (2014) 15:71–5. doi: 10.1016/j.sleep.2013.07.015

55. Dahl RE, Lewin DS. Pathways to adolescent health: sleep regulation and
behavior. J Adolesc Health. (2002) 31:175–84. doi: 10.1016/S1054-139X(02)00506-2

56. Fei W, Tian S, Xiang H, Geng Y, Yu J, Pan CW, et al. Associations of bullying
victimisation in different frequencies and types with suicidal behaviours among school-
going adolescents in low- andmiddle-income countries. Epidemiol Psychiatr Sci. (2022)
31:e58. doi: 10.1017/S2045796022000440

57. World Health Organization. Global School-Based Student Health Survey
(2021). Available online at: Noncommunicable Disease Surveillance, Monitoring and
Reporting (who.int) (accessed June 16, 2021).

58. Akhtar P, Ma L, Waqas A, Naveed S, Li Y, Rahman A, et al. Prevalence
of depression among university students in low and middle income countries
(LMICs): a systematic review and meta-analysis. J Affect Disord. (2020) 274:911–
9. doi: 10.1016/j.jad.2020.03.183

59. Xiao Y, Jiang L, Yang R, Ran H, Wang T, He X, et al. Childhood maltreatment
with school bullying behaviors in Chinese adolescents: a cross-sectional study. J Affect
Disord. (2021) 281:941–8. doi: 10.1016/j.jad.2020.11.022

60. Iyanda AE, Krishnan B, Adeusi TJ. Epidemiology of suicidal behaviors among
junior and senior high school adolescents: exploring the interactions between
bullying victimization, substance use, and physical inactivity. Psychiatry Res. (2022)
318:114929. doi: 10.1016/j.psychres.2022.114929

61. Koyanagi A, Oh H, Carvalho AF, Smith L, Haro JM, Vancampfort D,
et al. Bullying victimization and suicide attempt among adolescents aged 12-15
years from 48 countries. J Am Acad Child Adolesc Psychiatry. (2019) 58:907–
18.e4. doi: 10.1016/j.jaac.2018.10.018

62. Galán CA, Stokes LR, Szoko N, Abebe KZ, Culyba AJ. Exploration
of experiences and perpetration of identity-based bullying among adolescents
by race/ethnicity and other marginalized identities. JAMA Netw Open. (2021)
4:e2116364. doi: 10.1001/jamanetworkopen.2021.16364

63. Thomas HJ, Chan GC, Scott JG, Connor JP, Kelly AB, Williams J.
Association of different forms of bullying victimisation with adolescents’ psychological
distress and reduced emotional wellbeing. Aust N Z J Psychiatry. (2016) 50:371–
9. doi: 10.1177/0004867415600076

64. Bender TW, Gordon KH, Bresin K, Joiner TE Jr. Impulsivity and suicidality:
the mediating role of painful and provocative experiences. J Affect Disord. (2011)
129:301–7. doi: 10.1016/j.jad.2010.07.023

65. Holt MK, Vivolo-Kantor AM, Polanin JR, Holland KM, DeGue S, Matjasko JL,
et al. Bullying and suicidal ideation and behaviors: a meta-analysis. Pediatrics. (2015)
135:e496–509. doi: 10.1542/peds.2014-1864

66. Esteban ANP, Contreras CCT, Rodríguez SPO, Aldana MSC, Bueno LMD, Silva
B. Bullying in adolescents: role, type of violence and determinants. Rev Esc EnfermUSP.
(2020) 54:e03625. doi: 10.1590/s1980-220x2019026003625

67. Mukamal KJ, Miller M. BMI and risk factors for suicide: why is BMI inversely
related to suicide? Obesity. (2009) 17:532–8. doi: 10.1038/oby.2008.538

68. Willem C, Gandolphe MC, Roussel M, Verkindt H, Pattou F,
Nandrino JL. Difficulties in emotion regulation and deficits in interoceptive
awareness in moderate and severe obesity. Eat Weight Disord. (2019)
24:633–44. doi: 10.1007/s40519-019-00738-0

69. Ogilvie RP, Patel SR. The epidemiology of sleep and obesity. Sleep Health. (2017)
3:383–8. doi: 10.1016/j.sleh.2017.07.013

70. Mcloughlin AB, Gould MS, Malone KM. Global trends in teenage suicide:
2003–2014. QJM. (2015) 108:765–80. doi: 10.1093/qjmed/hcv026

71. Tian S, Zhang TY, Miao YM, Pan CW. Psychological distress and
parental involvement among adolescents in 67 low-income and middle-
income countries: a population-based study. J Affect Disord. (2021)
282:1101–9. doi: 10.1016/j.jad.2021.01.010

Frontiers in PublicHealth 13 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1064731
https://doi.org/10.1177/070674371005500503
https://doi.org/10.1111/ijn.12930
https://doi.org/10.1542/peds.2005-2388
https://doi.org/10.1016/j.jad.2018.11.084
https://doi.org/10.1016/j.jadohealth.2017.02.002
https://doi.org/10.5664/jcsm.6288
https://doi.org/10.15585/mmwr.mm6703a1
https://doi.org/10.5665/sleep.3388
https://doi.org/10.1016/j.jsmc.2020.05.004
https://doi.org/10.1016/j.chc.2020.08.004
https://doi.org/10.1016/j.sleep.2020.05.035
https://doi.org/10.1016/j.smrv.2014.10.004
https://doi.org/10.1016/j.psychres.2017.07.054
https://doi.org/10.1016/j.sleep.2020.01.022
https://doi.org/10.1016/j.adolescence.2018.07.012
https://doi.org/10.1515/hmbci-2013-0066
https://doi.org/10.1111/sltb.12244
https://doi.org/10.1038/sj.ijo.0803119
https://doi.org/10.1542/peds.2012-1106
https://doi.org/10.1002/ab.21942
https://doi.org/10.1111/ijpo.12571
https://doi.org/10.1016/j.sleep.2013.07.015
https://doi.org/10.1016/S1054-139X(02)00506-2
https://doi.org/10.1017/S2045796022000440
https://who.int
https://doi.org/10.1016/j.jad.2020.03.183
https://doi.org/10.1016/j.jad.2020.11.022
https://doi.org/10.1016/j.psychres.2022.114929
https://doi.org/10.1016/j.jaac.2018.10.018
https://doi.org/10.1001/jamanetworkopen.2021.16364
https://doi.org/10.1177/0004867415600076
https://doi.org/10.1016/j.jad.2010.07.023
https://doi.org/10.1542/peds.2014-1864
https://doi.org/10.1590/s1980-220x2019026003625
https://doi.org/10.1038/oby.2008.538
https://doi.org/10.1007/s40519-019-00738-0
https://doi.org/10.1016/j.sleh.2017.07.013
https://doi.org/10.1093/qjmed/hcv026
https://doi.org/10.1016/j.jad.2021.01.010
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Bullying victimization and suicide attempts among adolescents in 41 low- and middle-income countries: Roles of sleep deprivation and body mass
	Background
	Suicide attempt
	The impact of bullying victimization on suicidal behavior
	The mediating effect of sleep deprivation
	Body mass as a moderator
	This study

	Methods
	Sources of data
	Main variables
	Control variables
	Statistical analyses

	Results
	Descriptive statistics and chi-square test
	The mediating effect of sleep deprivation
	Body mass as a moderator

	Discussion
	The impact of different types of bullying on suicide attempts
	The mediating effect of sleep deprivation
	Body mass as a moderator
	Limitations and implications

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


