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ABSTRACT: Objectives: Suicidal ideation (SI) among university students is a growing concern, influenced by anxiety,
depression, and bullying. However, family closeness and peer support may act as protective factors, reducing the risk
of SI. Therefore, this study aims to investigate the key factors influencing SI among university students, focusing on
the effects of anxiety, depression, and bullying, along with the roles of family closeness and peer support. The research
also explores the interactions and mechanisms between these variables. Methods: A sample of 318 university students
was surveyed, evaluating six main factors: anxiety, depression, bullying, family closeness, peer support, and SI. Using
the Structural Equation Modeling (SEM) and Artificial Neural Networks (ANN) approach, both compensatory and
non-compensatory relationships were examined. Results: Anxiety, depression, and bullying significantly contribute to
SI, with depression mediating the link between anxiety, bullying, and SI. Additionally, family closeness moderates the
effects of anxiety and bullying on SI, while peer support moderates the effects of depression and bullying. The multilayer
perceptron analysis identifies peer support as the most influential predictor, followed by bullying, family closeness,
depression, and anxiety. Conclusion: The study identifies anxiety, depression, and bullying as key factors influencing
suicidal ideation (SI) among university students. Family closeness and peer support act as protective factors, moderating
the effects of these variables on SI.
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1 Introduction
The issue of university student suicide has gained global attention, with rates increasing and becoming

a significant public health issue [1]. Suicidal ideation (SI), described as an individual’s extreme di50.
Stress and loss of desire to live [2], is a critical predictor of suicidal behaviors among students [3].

Studies show that suicide is now a leading cause of death for individuals aged 15–34 in China, especially
among university students, with 4.7 per 100,000 dying by suicide [4,5]. SI is considered a crucial precursor
to suicidal actions [6], and individuals with SI are three times more likely to attempt suicide than those
without [7]. Therefore, identifying SI and its predictors is essential for early intervention and preventing
suicidal behaviors in university students.

SI is shaped by a mix of internal factors, such as personality traits [8], cognitive styles [9], mental
and physical health status [10], and genetic factors [11], among which anxiety [12], depression [13], and
sleep quality [14] play significant roles. External factors such as family background, school environment,
and negative life events, including family conflicts [15], parental upbringing styles [16], bullying experience
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(BE) [17,18], and exam failure also significantly impact university students’ SI. Recreational engagement and
physical activity, recognized as important protective factors against SI [19], are often overlooked in prior
research. Moreover, with the rapid rise of social media usage, distinguishing between online and in-person
bullying has become increasingly relevant, as these forms may have varying impacts on SI [20]. However, this
study does not differentiate between online and in-person bullying, focusing instead on the overall impact
of bullying experiences on SI to provide a generalizable framework.

1.1 Anxiety and Suicidal Ideation (SI)
Adolescent anxiety has drawn considerable attention, and in university students, anxiety manifests as

worry, tension, and unease about future prospects, negatively affecting their mental health and increasing
psychological risks [21]. Anxiety is described as the feeling of worry, tension, and unease about future
events [22], and is a common negative emotion among university students [23]. Recently, researchers have
focused more on the potential impact of university students’ anxiety on SI [24–27]. SI refers to an individual’s
subjective, intermittent or continuous loss of desire to live, coupled with significant distress about life, yet
without concrete actions of suicide [2]. For example, Lee et al. [26] found that higher levels of anxiety are
linked to an increased risk of SI in adolescents. Tan et al. [25] also examined how social anxiety directly and
indirectly affects SI in adolescents, finding that social anxiety significantly contributes to SI.

1.2 Depression and Suicidal Ideation (SI)
Depression is commonly characterized by persistent sadness, loss of interest, and feelings of helpless-

ness [28]. Depression affects university students’ academic performance and social interactions and may
also lead to serious psychological issues like SI [29]. Numerous studies highlight a significant link between
depression and SI in university students [28,30–32]. Lee et al. [31] found that depression, positively associated
with higher levels of secondhand smoke exposure, significantly increased the likelihood of SI. Similarly,
Chinawa et al. [32] found that depression significantly increased the likelihood of SI among adolescents, with
21.7% of those with depression experiencing SI compared to 9.4% among those without depression. Hence,
in this research, depression is considered a major factor contributing to SI among university students.

1.3 Bullying Experience (BE) and Suicidal Ideation (SI)
University students may face various forms of BE, such as physical harm, verbal harassment, and

exclusion from social groups [33]. Studies show a strong correlation between BE and SI [34,35]. For example,
Husky et al. [34] found that bullying significantly increases the likelihood of SI in children aged 6–11, with
19.6% of bullies and 24.4% of bully-victims reporting SI. Additionally, Cao et al. [35] observed that bullying
victimization significantly increased the risk of SI in adolescents, with more frequent and severe bullying
associated with higher SI levels. The study also found gender and grade differences in the relationship. In
this study, university students with bullying experiences on campus reported higher levels of SI.

1.4 The Mediating Role of Depression
Depression plays a key mediating role between anxiety, BE, and SI. Research has shown a strong corre-

lation between anxiety and depression, which both negatively affect college students’ mental health [36,37].
Particularly in early adolescence, anxiety and depression often co-occur, leading to harmful outcomes such
as self-harm, SI, and behaviors [36,38]. Hill et al. [39] demonstrated that depression mediates the relationship
between anxiety and suicidal thoughts or behaviors in university students. Anxiety is associated with the
development of depressive symptoms, which in turn increase the risk of SI. In this study, anxiety not only
directly contributes to SI but also exacerbates depression, thereby further elevating the risk of SI.
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Additionally, BE is closely associated with both depression and SI. Studies have shown that college
students who experience bullying are more likely to develop depression, with depression serving as a key
mediator between BE and SI [40–43]. Ni et al. [43] found a positive association between bullying and
depression among college students. BE is strongly linked to depression, with personality traits partially
mediating this relationship. depression acts as a critical mediator between BE and SI [44,45]. For instance,
a study by Zhao et al. [45] on 1814 Chinese high school students found that depression mediated the
relationship between BE and SI without significant gender differences. Similarly, Chu et al. [44] established
a mediation model with BE, depression, and SI in a sample of 1509 Chinese university students. The results
suggested that those subjected to long-term bullying were more prone to develop depression, which is
associated with an increased likelihood of SI. This study finds that university students with BE display more
severe depression symptoms and heightened SI.

1.5 The Moderating Role of Familial Closeness (FC)
Family closeness pertains to the emotional connection among family members, characterized by

respect, support, and mutual aid [46]. Research has shown that FC plays a critical role in reducing the
impact of anxiety, depression, BE, and SI among university students [47,48]. In their study on 520 Chinese
university students, Sun et al. [47] found that students with higher FC were better able to manage emotions
like depression and anxiety, exhibiting lower levels of SI. Lardier et al. [48] also found that FC acts as a buffer
against the negative effects of bullying, with students experiencing fewer SI symptoms despite bullying. In
this study, strong family connections were associated with better emotional balance and mental health.

1.6 The Moderating Role of Peer Support (PS)
PS, as a crucial aspect of social support, consists of emotional and material resources that individuals

receive from their peers, which help them cope with stress. Rubio et al. [49] found that PS plays a key role in
reducing the effects of depression on SI. PS helps individuals with anxiety or depression seek help, reducing
their risk of SI. Similarly, Oon-arom et al. [50] found that strong PS helps anxious individuals lower their SI
levels. Bao et al. [51] showed that PS moderates the relationship between BE and SI among Chinese university
students. Students with strong PS showed fewer SI symptoms when experiencing anxiety, depression, and BE.

Despite growing research, many studies focus on limited factors like anxiety, depression, and BE [32,52],
overlooking the complex interactions between internal and external influences. FC and PS are protective
against SI [53,54], but their specific moderating roles are underexplored. This study incorporates anxiety,
depression, BE, FC, and PS to better understand these interactions and create a more comprehensive model
of SI.

Current research methods mainly use linear approaches like PLS-SEM and Conditional Process Anal-
ysis (CPA) [55], but these struggle to capture non-linear interactions. To address this, advanced methods
such as Artificial Neural Networks (ANN) [56] are being employed, although ANN lacks interpretability.
This study combines PLS-SEM and ANN to provide a balanced approach, overcoming the limitations of
traditional methods and gaining deeper insights into the factors influencing SI.

Aims and hypotheses
This study develops a comprehensive predictive model that includes both internal factors like anxiety

and depression, and external factors such as FC, PS, and BE. The research objectives are: (1) to analyze the
key factors affecting university students’ SI using SEM; (2) to build a high-performance predictive model
using ANN. Key research questions include:

(1) What factors significantly affect SI in university students?



488 Int J Ment Health Promot. 2025;27(4)

(2) Does depression mediate the relationship between anxiety, BE, and SI?
(3) Do FC and PS moderate the relationships between anxiety, depression, BE, and SI?
(4) What is the relative importance of the factors influencing SI?

The hypotheses proposed for this study include:
H1: anxiety has a positive effect on SI.
H2: depression has a positive effect on SI.
H3: BE has a positive effect on SI.
H4: depression mediates the relationship between anxiety and SI.
H5: depression mediates the relationship between BE and SI.
H6: FC moderates the relationship between anxiety and SI.
H7: FC moderates the relationship between depression and SI.
H8: FC moderates the relationship between BE and SI.
H9: PS moderates the relationship between anxiety and SI.
H10: PS moderates the relationship between depression and SI.
H11: PS moderates the relationship between BE and SI.

Based on the research hypotheses mentioned above, this study proposes a conceptual model, as shown
in Fig. 1, which examines the moderating effects of FC and PS on the relationships between high school
students’ anxiety, depression, BE, and SI.

Figure 1: Research model

2 Methods

2.1 Samples and Data Collection
Data for this research were collected using the online platform Questionnaire Star (www.Sojump.com)

between June and November 2023. We employed a random sampling method by collaborating with teachers
from various classes at universities in Shandong, Hubei, and Anhui provinces, China. Teachers introduced
the questionnaire to students and randomly selected participants to ensure a representative sample. After
sharing the questionnaire link in-class group chats, students voluntarily completed the survey. A total of 366
questionnaires were collected, and the data from 48 participants were excluded for the following reasons:
(1) incomplete responses, defined as questionnaires with missing responses to more than 20% of the items

https://www.Sojump.com
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(valid questionnaires were defined as those in which ≥80% of the items had been completed); or (2)
respondents who completed the questionnaire with an average response time of less than 1 s per question,
indicating a lack of serious engagement. Consequently, the data from 318 valid questionnaires were included
in the final analysis [57]. According to Barclay et al. [58], the minimum sample size for PLS-SEM is ten
times the number of arrows pointing at latent variables. With a maximum of three arrows in our model,
a minimum of 30 responses was required. Our sample of 318 exceeds this requirement, ensuring adequate
statistical power. The demographic breakdown is detailed in Table 1: 184 males (57.9%), 134 females (42.1%),
predominantly aged 18–20 (68.6%), including 190 first-year students (59.7%), 55 second-year students
(17.3%), and 43 third-year students (13.5%).

Table 1: Demographic characteristics of the sample

Demographic characteristics Category Quantity Percentage

Gender Male 184 57.9%
Female 134 42.1%

Age

Under 18 years 9 2.8%
18–20 years 218 68.8%
20–22 years 49 15.4%

Over 22 years 24 7.5%

Grade

Freshman 190 59.7%
Sophomore 55 17.3%

Junior 43 13.5%
Senior 32 10.0%

This study was approved by the Ethics Committee of School of Nanchang Institute of Technology, Ethics
approval number: NIT-2023-01-0016. The participants received oral and written information and provided
written informed consent before participating in the study.

2.2 Measurement Instruments
The questionnaire was structured in two sections. The first section collected demographic details of

the respondents, while the second section evaluated the constructs central to this research. All constructs
utilized well-established scales, which were modified where necessary to align with the research context and
objectives. Apart from demographic-related factors, the constructs were measured using a five-point Likert
scale, where responses ranged from (1) “Never” to (5) “Always.”

To assess students’ anxiety, seven items from Zheng et al. [27] were employed (e.g., “I often feel anxious
and nervous”). This scale has also been widely used in China and shows good reliability and validity [59].
In this study, Cronbach’s Alpha Coefficient for this scale was 0.912. The depression construct was measured
with five items from Dhir et al. [60] (e.g., “I often feel lonely”). In this study, Cronbach’s Alpha Coefficient
for this scale was 0.887. The scale developed by Li et al. [61] was utilized to assess views on BE (e.g., “Others
have teased me, saying hurtful things”). In this study, Cronbach’s Alpha Coefficient for this scale was 0.958.
For FC, fifteen items from Ghahvehchi-Hosseini et al. [62] were adopted (e.g., “In times of family difficulties,
everyone makes efforts to help one another”). In this study, Cronbach’s Alpha Coefficient for this scale was
0.904. Thirteen items from Wei et al. [63] were used to evaluate PS (e.g., “My classmates tend to curse at one
another”). In this study, Cronbach’s Alpha Coefficient for this scale was 0.861. The SI construct was assessed
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using fourteen items from Zheng et al. [13] (e.g., “I feel hopeless about the future and experience thoughts of
suicide”). In this study, Cronbach’s Alpha Coefficient for this scale was 0.938.

2.3 Data Analysis
This study employed a two-stage approach to test hypotheses and build a predictive model. First, the

theory-driven SEM was mainly used to detect linear relationships between exogenous and endogenous
variables, applying a compensatory model, where a decrease in one variable is offset by an increase in
others [64]. SEM was implemented using SmartPLS 4.0. Path analysis and bootstrapping were used for
hypothesis testing. However, the relationships between anxiety, depression, BE, FC, and PS with university
students’ SI are not purely linear or compensatory. Compared to SEM, ANN can model both linear and non-
linear relationships, utilizing a non-compensatory approach [65], thus improving predictive performance.
Given the “black box” nature of ANN, it is better suited for prediction tasks and can complement the results
obtained from SEM. Therefore, this study combined both methods for hypothesis testing and prediction.
The ANN analysis was conducted using Python (version 3.8), which can model both linear and non-linear
interactions without requiring normal data distribution.

In the first phase, SEM was used to analyze the effects of anxiety, depression, BE, FC, and PS on SI and
to identify key predictors. In the second phase, these significant predictors were used as input neurons in the
ANN to forecast SI, ultimately yielding accurate predictions and a ranking of influential factors.

3 Results

3.1 SEM Analysis
In this study, the PLS-SEM method was used to test the measurement model and the structural model.

PLS-SEM has several advantages: first, it is a predictive-oriented data analysis tool [66]; second, it is suitable
for small sample data and performs well even in non-normal distributions [66]; third, it is applicable to
comparatively complex models [67]. The purpose of this study is to predict the factors influencing SI among
university students, with only 318 participants. Furthermore, the model includes 6 constructs with a total of
71 items, which is quite complex. Therefore, PLS-SEM is deemed appropriate for this study.

3.1.1 Measurement Model
Based on Hair et al. [66], the study assessed the reliability and validity of the scales through measurement

model analysis. Reliability was evaluated using external loadings and composite reliability (CR). While the
ideal threshold for loadings is 0.708, FC3 and FC5 showed values of 0.607 and 0.673 (Table 2), respectively.
However, items with loadings between 0.4 and 0.7 can be retained if the average variance extracted (AVE)
and CR meet the required levels [66]. Therefore, FC3 and FC5 were kept. Internal consistency reliability was
confirmed with all CR values exceeding the 0.708 guideline [66]. Therefore, FC3 and FC5 were retained in this
research. Internal consistency reliability was evaluated using composite reliability, and all values exceeded
the 0.708 guideline [66]. Validity was examined through convergent and discriminant validity. Convergent
validity was assessed using AVE, which needed to be greater than 0.5. Discriminant validity was confirmed
through the Fornell-Larcker criterion (Table 3) and the Heterotrait-Monotrait (HTMT) ratio (Table 4), with
all values meeting the required thresholds. Thus, the constructs exhibited strong validity [66].
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Table 2: Reliability and validity of the model

Constructs Items Loadings CR α AVE

Anxiety

Anxiety1 0.74

0.918 0.912 0.654

Anxiety2 0.78
Anxiety3 0.81
Anxiety4 0.83
Anxiety5 0.85
Anxiety6 0.83
Anxiety7 0.82

BE

BE1 0.74

0.96 0.96 0.60

BE2 0.74
BE3 0.81
BE4 0.78
BE5 0.77
BE6 0.78
BE7 0.82
BE8 0.77
BE9 0.77
BE10 0.80
BE11 0.72
BE12 0.73
BE13 0.78
BE14 0.83
BE15 0.74
BE16 0.80
BE17 0.78

Depression

Depression1 0.81

0.89 0.89 0.69
Depression2 0.86
Depression3 0.81
Depression4 0.86
Depression5 0.82

FC

FC1 0.72

0.97 0.90 0.55

FC2 0.86
FC3 0.61
FC4 0.70
FC5 0.67
FC6 0.75
FC7 0.76
FC8 0.85

(Continued)
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Table 2 (continued)

Constructs Items Loadings CR α AVE

PS

PS1 0.81

0.86 0.86 0.59

PS2 0.78
PS3 0.72
PS4 0.76
PS5 0.75
PS6 0.79

SI

SI1 0.84

0.94 0.94 0.70

SI2 0.83
SI3 0.83
SI4 0.78
SI5 0.84
SI6 0.86
SI7 0.83
SI8 0.86

Note: CR, composite reliability; AVE, average variance extracted; anxiety, anxiety; BE, bullying experience; depression,
depression; FC, familial closeness; PS, peer support; SI, suicidal ideation.

Table 3: Fornell-Larcker criterion

Anxiety BE Depression FC PS SI
Anxiety

BE 0.69
Depression 0.81 0.84

FC 0.11 0.12 0.15
PS 0.58 0.81 0.69 0.11
SI 0.47 0.74 0.56 0.11 0.80

Note: Anxiety, anxiety; BE, bullying experience; Depression, depression; FC, familial
closeness; PS, peer support; SI, suicidal ideation. According to the HTMT criterion, all
HTMT values should be less than 0.85 to confirm discriminant validity.

Table 4: Heterotrait-Monotrait criterion

Anxiety BE Depression FC PS SI
Anxiety 0.81

BE 0.65 0.78
Depression 0.78 0.71 0.83

FC −0.11 −0.16 −0.18 0.74
PS −0.52 −0.60 −0.60 0.12 0.77
SI 0.441 0.70 0.51 −0.14 −0.63 0.84

Note: Anxiety, anxiety; BE, bullying experience; Depression, depression; FC, familial
closeness; PS, peer support; SI, suicidal ideation. According to the Fornell-Larcker
criterion, to test discriminant validity, the correlation between constructs should be
less than the square root of the AVE. The square root of AVE values is displayed in bold
and italicized font on the diagonal in the table.



Int J Ment Health Promot. 2025;27(4) 493

3.1.2 Common Method Bias (CMB) Test
To test for common method bias (CMB), this research utilized two methods. First, the Harman single-

factor test showed that no single factor explained a majority of the variance, with the largest factor accounting
for only 28.259%, well below the 50% threshold. Additionally, the marker variable technique introduced an
unrelated variable, revealing a maximum shared variance of just 2.68% [68]. These results suggest that CMB
is not a significant issue in this study.

3.2 Structural Model
Initially, the multicollinearity issue in the model was assessed using the Variance Inflation Factor (VIF)

values for the latent constructs [66]. All latent constructs’ VIF values were below the critical value of 3.3,
indicating no multicollinearity issues in the results [66]. The VIF values in Table 5 show that multicollinearity
does not impact the results of this study.

Table 5: Collinearity test of the structural model

Anxiety BE Depression FC PS SI
Anxiety 1.747 2.399

BE 1.747 1.637
Depression 2.349

FC 1.226
PS 2.897
SI

Note: Anxiety, anxiety; BE, bullying experience; Depression, depres-
sion; FC, familial closeness; PS, peer support; SI, suicidal ideation.

To assess the magnitude and significance of path coefficients in the model, a PLS bootstrapping process
with 5000 subsamples was conducted [66]. Table 6 summarizes the results of the hypothesis tests.

Table 6: Test results of path hypothesis

Hypothesis β 2.50% 97.50% t p Results
Anxiety→ SI 0.205 0.018 0.390 2.153 0.031 Supported

BE→ SI 0.264 0.054 0.435 2.738 0.006** Supported
Depression→ SI 0.457 0.350 0.560 8.532 <0.001*** Supported

Note: Anxiety, anxiety; BE, bullying experience; Depression, depression; FC, familial
closeness; PS, peer support; SI, suicidal ideation. t represents the two-tailed t-test
value; p represents the level of significance; Path significance: ***p < 0.001; **p < 0.01.

Table 6 demonstrates that all the proposed hypotheses were confirmed. Regarding the significant
predictors of SI, depression (β = 0.457, t = 8.532, p < 0.001) emerged as the most influential factor, followed
by BE (β = 0.264, t = 2.738, p = 0.006) and anxiety (β = 0.205, t = 2.153, p = 0.031). Similarly, in terms of
predictors of depression, anxiety (β = 0.551, t = 10.857, p < 0.001) had the most substantial influence, followed
by BE (β = 0.415, t = 8.870, p < 0.001).

Moreover, the R2 values and Stone-Geisser’s Q2 values of the endogenous variables indicate the model’s
explanatory strength and predictive relevance, respectively [66]. The R2 values (refer to Table 7) suggest that
the model has adequate explanatory capability. Specifically, the R2 value for SI reveals that the predictors
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account for 64.8% of the variance in SI. Similarly, the R2 value for depression shows that approximately 74.4%
of the variance in depression is explained by its predictors. Additionally, as all Q2 values are greater than 0.4
(refer to Table 7), it signifies that the model has high predictive relevance.

Table 7: Explanatory power of the model

R2 R2
Adjusted Q2

Depression 0.744 0.772 0.528
SI 0.648 0.635 0.440

Note: depression, depression; SI, suicidal ideation. R2 represents the explanatory power of the model; R2 Adjusted is the
adjusted value of R2; Q2 represents the predictive relevance of the model.

3.3 Mediation Analysis
Mediation analysis was conducted to evaluate the mediating effects of depression on the relationships

between anxiety, bullying experiences, and suicidal ideation. A bootstrap-based mediation analysis using
PLS-SEM was performed [69]. The significance of the direct and indirect effects, as well as the product
of effects, was examined to determine the type and magnitude of the mediation effects. The results of the
mediation analysis are summarized in Table 8.

Table 8: Mediation analysis

Relationship Indirect
effect

T p Direct
effect

T p Mediation
type

VAF
(%)

Anxiety→
depression→ SI

0.252 2.835 0.005 0.205 2.153 0.031 PM 55.1

BE→
depression→ SI

0.190 2.664 0.008 0.264 2.738 0.006 PM 41.9

Note: anxiety, anxiety; depression, depression; SI, suicidal ideation; BE, bullying experience; PM, Partial Media-
tion; VAF, Variance Accounted For, representing the proportion of the total effect that is mediated through the
indirect path.

The findings revealed that depression serves as a mediator in the relationships between anxiety, bullying
experiences, and suicidal ideation. Direct effects were analyzed to assess the nature and size of the mediation
effects of anxiety and bullying experiences. Anxiety partially mediated the relationship with suicidal ideation
through depression, with a Variance Accounted For (VAF) value of 55.1%. Similarly, bullying experiences
partially mediated the relationship with suicidal ideation through depression, with a VAF value of 41.9%.
These results indicate that depression plays a partial mediating role in both scenarios [69].

3.4 Analysis of Moderating Effects
This research utilizes a two-phase method to analyze the moderating roles of PS and FC on the relation-

ships between anxiety, depression, BE, and SI. The two-phase approach is widely applicable and considered
more accurate than other methods like the Product Indicator and Orthogonalizing Approaches [70,71]. As
shown in Table 9, FC significantly moderates the relationship between anxiety and SI (β = 0.096, t = 3.139,
p = 0.002), while PS moderates the relationships between BE and SI (β = 0.072, t = 1.987, p = 0.047) and
between depression and SI (β = 0.073, t = 4.128, p < 0.001). Additionally, FC moderates the link between BE
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and SI (β = 0.084, t = 1.968, p = 0.049). However, neither FC nor PS shows significant moderating effects on
the relationships between depression and SI or anxiety and SI.

Table 9: Mediation analysis

Path β 2.50% 97.50% t p Results
FC × anxiety→ SI 0.096 0.086 0.335 3.139 0.002 Supported

PS × BE→ SI 0.072 0.059 0.230 1.987 0.047 Supported
PS × depression→ SI 0.073 0.068 0.265 4.128 <0.001 Supported
FC × depression→ SI 0.033 −0.158 0.221 0.347 0.729 Not supported

PS × anxiety→ SI 0.032 −0.103 0.150 0.492 0.623 Not supported
FC × BE→ SI 0.084 0.067 0.216 1.968 0.049 Supported

Note: Anxiety, anxiety; BE, bullying experience; Depression, depression; FC, familial close-
ness; PS, peer support; SI, suicidal ideation.

3.5 Artificial Neural Networks (ANN)
In the next phase, the significant factors identified from PLS-SEM path analysis were used as input

neurons for the ANN model. The choice of ANN is based on its ability to handle non-linear relationships,
non-normal data distributions, and its robustness against noise and small sample sizes. ANN also supports
non-compensatory models where changes in one factor don’t necessitate adjustments in others. The ANN
analysis was conducted using the IBM SPSS Neural Network module (version 28), which can detect
both linear and non-linear interactions without requiring normal data distribution. The model utilized a
feedforward-backpropagation (FFBP) process for prediction purposes [72], applying multilayer perceptrons
and sigmoid activation functions in the input and hidden layers [73]. The iterative learning process aimed to
minimize errors and improve accuracy. Following Leong et al. [64], 80% of the data was used for training,
while 20% was reserved for testing. To prevent overfitting, a ten-fold cross-validation was performed, and
root mean square error (RMSE) values were calculated. Table 10 shows that the RMSE for training and testing
were 0.1072 and 0.1069, respectively, indicating a good fit.

Table 10: Root mean square of error values

Training Testing Total samples

N SSE RMSE N SSE RMSE
252 2.437 0.098 66 1.076 0.128 318
259 3.358 0.114 59 0.545 0.096 318
257 3.198 0.112 61 0.486 0.089 318
255 3.134 0.111 63 0.607 0.098 318
250 2.957 0.109 68 0.714 0.103 318
253 2.849 0.106 65 0.715 0.105 318
246 3.083 0.112 72 0.709 0.099 318
252 2.800 0.105 66 0.778 0.109 318
248 2.899 0.108 70 0.875 0.112 318
263 2.468 0.097 55 0.944 0.131 318

Mean 2.918 0.107 Mean 0.745 0.107
SD 0.006 SD 0.013

Note: N, number of samples; SSE, sum square of error; RMSE, root mean square of error.
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To evaluate the predictive strength of each input neuron, a sensitivity analysis was performed
(see Table 11). The normalized importance of each neuron was calculated by dividing its relative importance
by the highest importance value and expressing the result as a percentage. The findings show that PS is the
most significant predictor with a normalized importance of 100.0%, followed by BE at 60.3%, FC at 13.2%,
depression at 9.1%, and anxiety at 7.3%.

Table 11: Sensitivity analysis

ANN Anxiety BE Depression FC PS
ANN 1 10.7% 60.9% 14.8% 8.6% 100.0%
ANN 2 7.2% 69.8% 7.0% 12.1% 100.0%
ANN 3 1.6% 65.8% 9.8% 15.5% 100.0%
ANN 4 6.4% 77.0% 4.2% 2.0% 100.0%
ANN 5 12.4% 57.5% 6.1% 10.1% 100.0%
ANN 6 2.6% 58.6% 15.6% 13.1% 100.0%
ANN 7 8.3% 52.1% 2.8% 11.1% 100.0%
ANN 8 8.0% 61.5% 13.3% 18.1% 100.0%
ANN 9 6.7% 51.1% 6.7% 27.0% 100.0%
ANN 10 8.9% 48.5% 10.2% 14.1% 100.0%

Mean importance 7.3% 60.3% 9.1% 13.2% 100.0%
Normalised importance (%) 7.3% 60.3% 9.1% 13.2% 100.0%

Note: ANN, Artificial Neural Networks; anxiety, anxiety; BE, bullying experience; depres-
sion, depression; FC, familial closeness; PS, peer support; SI, suicidal ideation.

4 Discussion
This study investigates the factors influencing SI in university students, with a focus on the mediating

role of depression in the relationship between anxiety, BE, and SI. It also explores how FC and PS moderate
the relationships between anxiety, depression, BE, and SI. The research hypothesizes that anxiety, depression,
BE, FC, and PS are key predictors of SI. Except for the non-significant moderating effects of FC on the
depression-SI link and PS on the anxiety-SI link, all other hypotheses were confirmed. Together, these factors
account for 64.8% of the variance in SI among students. A detailed discussion of the findings and hypotheses
is provided.

Anxiety among university students significantly positively affects SI. This aligns with the findings of Lee
et al. [26]. Their cross-sectional study of 54,948 South Korean adolescents found that 33.2% reported anxiety
symptoms, and 10.9% considered suicide, with anxiety significantly increasing the risk of suicidal ideation.
In our study, on the one hand, prolonged anxiety may lead to a sense of isolation and social barriers [24],
with anxiety symptoms often leading to emotional dysregulation and SI. On the other hand, anxiety among
university students may result in excessive worry about the future, such as uncertainties about job prospects
and career success [74], and this continued psychological stress can increase the risk of SI.

Depression among university students significantly positively affects SI, consistent with the findings of
Lee et al. [31]. Their cross-sectional study of 51,500 adolescents found significant associations between stress,
depression, and suicidal ideation, with risks increasing as mental health worsened. In our study, on one hand,
depression greatly reduces life satisfaction among university students [75], leading them to lose enjoyment
in life and consider suicide as a way to end suffering. On the other hand, depression can weaken individuals’
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ability to cope with life challenges, leading to a pessimistic outlook on the future and increasing the risk of
SI [30].

BE among university students significantly positively affect SI, aligning with the findings of Husky
et al. [34] in their cross-sectional study on European school-aged children, which showed that children
who experienced bullying had higher SI than those who did not. In our study, firstly, university students
who BE often face severe social exclusion, humiliation, and fear, leading to deep psychological trauma [35]
and subsequent SI. Secondly, during the rapid and sensitive phase of personal development in university,
BE incidents can severely damage students’ self-identity and adaptability [76], potentially exacerbating
psychological crises and increasing the likelihood of SI.

Depression mediates the relationship between anxiety and SI among university students. This finding
is supported by the study of Hill et al. [39], which investigated the interrelations among anxiety, depression,
perceived burden, and SI in university students. They found that anxiety among university students might
indirectly increase the risk of SI by exacerbating symptoms of depression. In our study, firstly, academic
pressures and uncertainties about the future often cause anxiety among university students, which, if not
effectively managed, can develop into depression [37], thereby increasing the risk of SI through negative
thinking. Secondly, social anxiety in university students, if mishandled, can lead to increased social isolation
and symptoms of depression, making individuals feel more isolated and unsupported, leading to a decline
in self-worth and increased SI [77].

Depression mediates the relationship between BE and SI among university students, consistent with the
findings of 51 in their study involving 1509 undergraduates. Their research indicated that the mediating role of
depression between BE and SI was more significant than core self-evaluations. In our study, firstly, university
students who BE may feel isolated, significantly increasing the risk of depression. The lack of PS and positive
recognition can lead to negative self-evaluation among students, thereby increasing the likelihood of SI [45].
Secondly, the psychological stress caused by BE can trigger or exacerbate depressive moods [78], leading
victims to immerse in negative thoughts, thereby increasing the risk of SI.

The relationship between anxiety and SI among university students is significantly moderated by FC.
This aligns with the conclusions of Sun et al. [47], who explored the factors influencing SI among Chinese
university students. They found that in environments with FC, students could more effectively handle
the negative emotions triggered by anxiety, thus reducing the risk of SI. In our study, firstly, students
in environments with higher FC are more likely to receive emotional support and understanding [79],
which not only alleviates the psychological stress caused by anxiety but also reduces the incidence of SI.
Secondly, a supportive family environment helps students learn effective techniques to manage anxiety, such
as understanding the root causes of anxiety through communication and empathy with family members
and mastering corresponding coping strategies [80]. This positive interaction not only mitigates the direct
impact of anxiety but also prevents it from evolving into more severe psychological issues, thereby effectively
reducing the risk of SI.

FC does not significantly moderate the relationship between depression and SI among university
students. This finding is inconsistent with the research by Zisk et al. [81], which, in a study of 129 university
students facing depression and suicidal thoughts, found that FC played a significant moderating role in the
relationship between depression and SI among university students. This discrepancy may be due to two
reasons. Firstly, as university students grow more independent, their psychological and emotional states are
increasingly influenced by personal experiences and social environments, with the direct impact of the family
relatively diminished [82]. Secondly, university students increasingly seek help and support from peers and
campus social networks [83], a trend that may lead to a relative weakening of the impact of FC in moderating
depression and SI compared to broader social interactions.
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FC significantly moderates the relationship between BE and SI among university students, aligning
with the findings of Lardier et al. [48]. Their study found that among 687 students aged 16 to 18, those
from close-knit families exhibited lower SI when facing campus BE. In our study, firstly, a high degree of
FC helps students learn effective emotional regulation and coping strategies [84]. Thus, students can gain
guidance from family members in dealing with the negative emotions and stress caused by BE, which is
crucial in coping with the psychological challenges of BE. Secondly, a close family environment helps enhance
individuals’ psychological resilience [84], allowing students to demonstrate stronger resistance and recovery
capabilities when facing difficulties and stress. This resilience not only effectively mitigates the psychological
trauma caused by BE but also reduces the risk of SI.

PS does not significantly moderate the relationship between anxiety and SI among university students.
This differs from the findings of Oon-arom et al. [50], whose research on the factors influencing SI in the
elderly indicated that PS significantly moderates the relationship between anxiety and SI. This difference
could be due to two factors. On one hand, the pressure on academic and future career prospects faced by
university students might far exceed the psychological comfort provided by PS [85], meaning that PS has
limited effectiveness in alleviating these deeper anxieties. On the other hand, the widespread use of digital
and social media has changed the way university students communicate and the nature of peer interactions.
Online interactions in the digital society may not provide the same level of emotional support as face-to-face
interactions [86], which could weaken the role of PS in moderating anxiety and reducing SI.

PS significantly moderates the relationship between depression and SI among university students,
consistent with the conclusions of Rubio et al. [49]. Their in-depth study of 775 university students showed
that PS plays a significant moderating role in the relationship between depressive symptoms and SI. In our
study, firstly, when university students feel understood and supported by their peers, they are more efficient
in handling negative emotions and setbacks, effectively reducing the risk of depressive moods evolving
into SI. Secondly, PS, by providing positive feedback and encouragement, helps students find effective
coping mechanisms and strategies in their depressive state [87], thereby effectively reducing the SI arising
from depression.

PS significantly moderates the relationship between BE and SI among university students. This is
consistent with the findings of Bao et al. [51], who conducted an in-depth survey on the school BE, SI,
psychological distress, and PS among 2360 middle and high school students. Their research showed that with
increased PS, the negative impact of school BE on SI gradually weakened. Firstly, PS provides an effective
sense of psychological safety [88]. When university students feel accepted and supported by their peers, the
psychological impact of BE can be alleviated, reducing the likelihood of BE transforming into SI. Secondly,
PS also helps bullied students develop better social skills and coping strategies. These skills and strategies not
only assist them in dealing with current BE issues [88] but also reduce the occurrence of future SI, as they
learn how to communicate and resolve conflicts more effectively.

4.1 Implication
This study proposes a comprehensive model aimed at in-depth analysis of the key factors influencing

university students’ SI. The model examines the effects of anxiety, depression, BE, FC, and PS on students’ SI,
accounting for 64.8% of the total variance in these thoughts. Thus, the proposed model demonstrates high
effectiveness in prediction and explanatory aspects. The results have both theoretical and practical impacts.
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4.1.1 Theoretical Implication
Firstly, the core contribution of this study is the development of an innovative comprehensive model,

which uniquely integrates internal psychological states (such as anxiety and depression) with external
environmental factors (like FC, PS, and BE). This unique perspective reveals the complex and multi-
dimensional mechanisms affecting university students’ SI. The study provides new theoretical grounds
and empirical support for understanding and preventing suicidal behaviors in university students. It also
demonstrates how the interaction between individual psychological states and external social environments
influences their SI.

Secondly, the study delves into and reveals the mediating role of depression between university students’
anxiety, BE, and SI, specifically elucidating the mechanism of this effect. It also analyzes the importance of FC
and PS in modulating the relationships between these psychological factors. The study significantly expands
the theoretical framework in the field of mental health regarding emotional regulation and psychological
adaptability, emphasizing the critical role of social and familial support in the prevention and intervention of
university students’ SI. By revealing the complex interplay between psychological dynamics and social factors
in students, it offers a new perspective on the multifaceted causes of SI and lays a theoretical foundation for
designing more effective mental health intervention strategies.

Lastly, this study diverges from existing linear model research, employing a two-stage method using
SEM-PLS and ANN. This methodological innovation combines linear and compensatory PLS models with
the non-compensatory ANN model. In the linear compensatory model, a decrease in one predictor can be
offset by an increase in another. However, in the context of university students’ SI, such linear compensation
is not always applicable. Specifically, a reduction in depression levels cannot simply be offset by an increase in
BE. Therefore, by using the non-compensatory ANN model, this study not only overcomes the limitations of
linear models but also contributes new theoretical insights to the existing literature. Additionally, the ANN
model, by thoroughly analyzing the most critical variables, highlights their importance and confirms the
data’s high predictive accuracy through neural network analysis.

4.1.2 Practical Implication
For university students, the findings of this study underscore the importance of PS and FC. Students

need to recognize that in coping with psychological challenges like anxiety and depression, FC and PS are
indispensable resources. Establishing strong family ties and a positive social network is crucial in alleviating
psychological stress caused by academic pressure, interpersonal conflicts, or BE. Moreover, students should
learn how to effectively seek help when facing SI, whether it be from family members or trusted friends, as
these are key steps in managing negative emotions and finding solutions.

For schools, on the one hand, they should actively create an environment that promotes positive
communication and mutual assistance among students, encouraging open and honest dialogue so that
students feel supported and understood when facing psychological challenges. On the other hand, schools
should also value collaboration with families, regularly communicate with parents, and share strategies
and resources to support students’ mental health, which is vital for building a comprehensive environment
focused on students’ psychological well-being. Additionally, teachers need to be sensitive to students’ anxiety,
depression, and BE, cultivating keen insight to effectively identify those who may be at risk of suicide.

For families, this study emphasizes the necessity of establishing a supportive and communicative
environment, especially when dealing with university students’ anxiety and depression. Parents should
encourage their children to share their feelings and experiences, providing necessary emotional support
and guidance. Furthermore, parents’ active involvement in school activities and students’ lives is crucial,



500 Int J Ment Health Promot. 2025;27(4)

not only helping parents better understand their children’s social circles and school environment but also
enabling them to collaborate with schools when necessary to support their children’s mental health and
personal development.

4.2 Limitations and Future Research
This study explored the impact of factors such as anxiety, depression, BE, PS, and FC on university

students’ SI. However, several limitations should be acknowledged. Firstly, the sample size of 318 participants
may be relatively small for the application of ANN models, potentially limiting the generalizability of the
results and increasing the risk of overfitting. Future research should consider increasing the sample size
or employing alternative methods such as CPA to validate the findings and enhance methodological rigor.
Secondly, this study primarily relied on questionnaire surveys for data collection, which may have restricted
the depth of understanding of participants’ true SI. Questionnaire surveys based on self-reporting are prone
to respondent subjectivity. Future studies could consider integrating in-depth interviews and case studies
to obtain richer and more authentic data. Additionally, the selection of variables was mainly focused on
specific psychological factors; future research could include more relevant predictors such as self-esteem and
personality traits to construct a more comprehensive theoretical framework. Lastly, this study was cross-
sectional and did not reveal the long-term changes in SI. Future studies should undertake longitudinal
research to better understand the evolution and long-term impacts of these behaviors.

5 Conclusion
This study explored the factors influencing university students’ SI and further examined the mediating

role of depression in the relationship between anxiety, BE, and SI. To ensure methodological rigor and address
model complexity, the study employed both SEM and ANN, providing a robust analytical framework. A
comprehensive rationale was provided for the selection of factors anxiety, BE, depression, FC, and PS, and
additional relevant predictors were included to enhance the analysis. Empirical research was conducted using
self-reported data from 318 university students to test 13 hypotheses. The results demonstrated that anxiety,
depression, and BE all have a significant positive impact on students’ SI. Additionally, depression played a
significant mediating role between anxiety, BE, and SI. Furthermore, FC had an important moderating effect
in the relationship between anxiety, BE, and SI, while PS moderated the relationship between depression,
BE, and SI, with the remaining hypotheses being validated. However, the relatively limited sample size may
restrict the generalizability of the findings. Future research should consider increasing the sample size or
exploring alternative methods such as CPA to validate the results and ensure greater methodological rigor.
This study contributes to a deeper understanding of the relationships and potential mechanisms between
university students’ anxiety, depression, BE, and SI, highlighting the distinct pathways through which these
factors influence student engagement.
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