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Abstract

Background There are fewer studies on prospective predictors of first-time suicidal thoughts and behaviors (STB)
among first-year university students and fewer studies prospectively identifying and screening for those at high risk of
suicide among college students. This study assessed the impact of prospective baseline variables on the risk of new
STB onset among first-year university students over two years and developed a multivariate risk prediction model.

Methods 4,560 first-year university students (38.4% males, mean age:18.34) from China participated and completed
this prospective cohort study over a three-year period from 2018 to 2020. LASSO regression, and logistic regression
models under resilient networks, were used for risk predictor variable screening and final prediction model building.
Independent validation sets were used for external validation of the models. Independent validation sets were used
for external validation of the models. Area Under the Curve (AUC), accuracy, F1 scores, and Hosmer-Lemeshow test
metrics were used to evaluate the model performance.

Results The incidence rates of suicidal thoughts, suicidal behaviors, and STB within two years were 4.89%,1.03%,

and 4.96%, respectively. Predictors in the final model included females, always solo activity, bigotry under pressure,
socially oriented perfectionism, drinking to relieve stress, autonomy attitude, poorer parental marriage satisfaction,
maternal emotional warmth, perceived others social support, and number of lifetime severe traumatic events. The
predictive model had an AUC of 0.738 (95% Cl: 0.697-0.780) for predictive accuracy in the training dataset as well as
0.710 (95% Cl: 0.657-0.763) for predictive accuracy in the validation dataset, which represents a high degree of model
discrimination.

Conclusion Based on this predictive model of suicidal thoughts and behaviors, this study may help to assess and
screen college students at risk for STB and develop suicide prevention strategies for at-risk populations.
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Introduction
Globally, more than 700,000 people die by suicide each
year, making it the fourth leading cause of death among
15-29-year-olds. About 88% of adolescents who died
by suicide in 2019 were from developing countries
[1]. The youth suicide mortality rate had declined sig-
nificantly as of 2015 following the adoption of a range
of suicide prevention strategies in China [2]. The sui-
cide death rate among Chinese teenagers (Age:15-19)
gradually increased from 2017 to 2021, and the suicide
mortality rate in 2021 is at 3.63 per 100,000 people [3].
Suicidal thoughts are defined as thoughts of harm or sui-
cide [4]. In recent years, adolescent suicidal thoughts in
the United States have similarly shown a downward and
then upward trend [5]. A survey from eight high-income
countries found that the 12-month prevalence of suicidal
thoughts and behaviors among university students was
10.6 per cent and 1.2 per cent between 2014 and 2017
[6]. The study showed that the 12-month prevalence of
suicidal thoughts among Chinese college students from
2021 to 2023 was 3.89%, 5.81% and 4.33%, respectively,
showing a changing trend [7]. The rising trend and high
prevalence of suicides indicate that suicide prevention
strategies continue to face significant challenges.

University freshmen entering university life and in the
transition to adolescence face stressors such as exams,
living away from family, and financial difficulties, which
make the first year of university life stressful [8], with
a wide distribution of suicidal thoughts and a lifetime
prevalence of 32.7% [9]. Additionally, the mental health
of college students continues to deteriorate [10, 11].
Self-reported experiences of mental illness account for
approximately one in four college students [12], and col-
lege students with mental health problems, exceptionally
moderate and severe symptoms of depression and anxi-
ety, are ten times more likely to have suicidal thoughts
than those with undiagnosed mental health problems
[13]. More than two-thirds of college students with major
depression suffer from suicidal thoughts, and depres-
sive symptoms, psychoticism, and neuroticism directly
influence suicidal thoughts [14]. The factors that influ-
ence suicidal thoughts and behaviors are complex, and
no single factor is effective in predicting an individual’s
level of suicidality [15]. Firstly, suicidal thoughts and
behaviors at baseline have been shown to be the primary
predictor of new-onset suicidal thoughts and behav-
iors [16]. In addition, other variables that are associated
with suicidal thoughts and behaviors are sexual abuse,
academic-related variables [17], female, stress, and major
depression [18], adverse life events [19], family environ-
ment [20], sleep quality [21] and poor lifestyle habits
such as hazardous drinking [22].

Few studies are using first-year college students as
research subjects to construct suicide risk prediction.
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Previously, logistic regression models were mainly used
to study risk factors for suicide [15]. For example, in a
Belgian study with a two-year follow-up of first-year
students, the strongest predictors were dating violence
before the age of 17 and severe personal betrayal within
one year [23]. In a model predicting suicide risk among
first-year students at multiple universities in Mexico,
factors such as being female, minority sexual orienta-
tion and depression, reflected strong predictive effects
[24]. In addition, machine learning methods, such as
Random Forest and linear support vector machines,
have also been applied to predict the risk of suicidal
thoughts among college students [25, 26]. The predic-
tor variables and predictive efficacy reported in the cur-
rent studies vary widely due to differences in the study
population and included factors. In addition, there are
apparent racial/ethnic differences in the trends of suicidal
thoughts [5] and differences in suicidal thoughts between
Chinese and foreign college students [27, 28]. Therefore,
there is a need to develop new predictive models to iden-
tify high-risk groups for suicide among first-year uni-
versity students in different populations and settings to
avoid and reduce the social burden of suicidal thoughts
and behaviors.

The study aimed to (1) assess the two-year incidence of
new-onset suicidal thoughts and behaviors among first-
year university students in China; (2) incorporate and
analyze predictive factors such as socio-demographic
characteristics, mental health, adverse life events, and
familial factors; and (3) develop and validate a risk pre-
diction model for suicidal thoughts and behaviors among
first-year university students.

Materials and methods

Study population

The cohort study was conducted from 2018 to 2020 in
Shandong Province, China, using a Cluster sampling
method with all first-year students from Jining Medical
College and Weifang Medical College in Shandong Prov-
ince. Between April and October 2018, 9,928 freshmen
from the three campuses of Jining, Rizhao and Weifang
served as survey respondents, and a total of 8,079 stu-
dents eventually completed the baseline survey, with a
response rate of 81.4%. Participants with lifetime suicidal
thoughts and behaviors were excluded (1 =958). The first
follow-up of 7121 eligible participants was conducted
from April 2019 to October 2019, and 6638 (93.2%) par-
ticipants provided complete data. The second follow-up
was conducted from April 2020 to October 2020, with a
total of 4560 (68.7%) students completing the follow-up
(See Appendix Fig. 1). Participants signed an informed
consent form agreeing to participate in the survey and
subsequent follow-up. The study was reviewed and
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approved by the Health Committee of Jining Medical
University (2019-JS-004).

Data collection

Baseline and first follow-up data were collected in the
libraries of the two schools. The questionnaires were in a
computer-assisted self-service management system with
embedded voice prompts and logical jumps. The com-
puters were distributed in 265 units in Jining Medical
College Jining Campus, 50 in Rizhao Campus, and 50 in
Weifang Medical College. Influenced by COVID-19 [29],
the second follow-up data was conducted through an
online survey (www.wjx.cn). The surveys were timed to
avoid the exam revision phase. The data collection pro-
cess was anonymized, and confidentiality of the data was
protected.

Sample size

Our sample size calculation is based on our primary
objectives, namely the emergence of suicidal thoughts
and behaviors. We require a maximum number of par-
ticipants to ensure the stability of the predictive model.
Following the sample size calculation method for predic-
tive models, using the standard of 10 times the events
per variable (EPV), with a final set of 10 predictor vari-
ables, we need 100-200 participants for stable estimation
[30]. According to prior surveys on suicidal thoughts and
behaviors among university students, the incidence rate
of suicidal thoughts and behaviors (STB) in December is
approximately 10.6%. If our event rate is 10.6%, we need
943 to 1886 respondents. Considering a loss rate of less
than 30%, we estimated a sample size of 1347 to 2694
respondents.

Missing data

Samples with missing ending variables were excluded.
The missingness of the predictor variables was calcu-
lated, where variables with missing values higher than
15 per cent were excluded. Multiple interpolation in the
mice package was used to interpolate the missing val-
ues for variables below 15%, using R 4.3.2 [31]. Multiple
interpolation is an effective method for interpolating var-
ious types of missing values and minimizes the bias intro-
duced by excluding such participants.

Predictor variables

This study collected four characteristics: baseline demo-
graphic variables, mental health, traumatic events, and
family factors. Demographic characteristics included
gender, age, and household registration. Mental health
included personality traits, the Functional Attitude Dys-
regulation Scale, and depressed mood. A traumatic
event is a lifetime of traumatic severe events experienced
throughout a lifetime. Family factors included parenting
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styles and the home environment. Binary (0, 1) and
reverse coding of some scales.

Socio-demographic variables

Socio-demographic variables include sex (male or
female), age, registration (urban or rural), and city (Jin-
ing, Rizhao, Weifang).

Mental health factors

Personality traits

Borderline personality traits and schizotypal personality
traits were generalized from their respective correspond-
ing nine domains in the Diagnostic and Statistical Man-
ual of Mental Disorders [32]. For example, subjects were
asked if they agreed that they “almost always rush to do
activities alone” and “when stressed, I become paranoid,
stubborn, suspicious, and even feel self-separated” The
answer to each question was either “yes” or “no” When
a subject gave five or more “yes” answers, they were con-
sidered to have borderline personality traits. The Cron-
bach’s a of this scale in this study is 0.838.

Dysfunctional attitudes scale

The DAS is a self-assessment questionnaire consisting
of 40 items comprising several dysfunctional conditions
to assess the underlying deeper cognitive structure of
people, rated according to the degree of agreement of the
individual with these dysfunctional conditions, ranging
from complete disagreement to complete agreement, on
a seven-point scale from 1 to 7 [33]. The Cronbach’s a of
this scale in this study is 0.814.

Multidimensional perfectionism scale

The Multidimensional Perfectionism Scale (HMPS). The
HMPS has three dimensions, each with 15 questions and
a total of 45 items on a seven-point scale and requires
the participant to make a choice between 1 (strongly dis-
agree) and 7 (strongly agree) [34]. The three dimensions
are self-oriented perfectionism, other-oriented perfec-
tionism, and socially oriented perfectionism. The Cron-
bach’s alpha of this scale in this study is 0.656. Cronbach’s
a for the three sub-dimensions were 0.862, 0.761, and
0.688, respectively.

Perceived social support scale

The PSSS is a tool to measure an individual’s self-aware-
ness of multidimensional social support [35]. The PSSS
consists of three dimensions: family support (items 3,
4, 8, and 11), friend support (items 6, 7, 9, and 12), and
other support (items 1, 2, 5, and 10), with a total of twelve
items on a seven-point scale (from 1 to 7) ranging from
“Strongly Disagree” to “Strongly Agree”. The Cronbach’s
alpha of this scale in this study is 0.951. Cronbach’s o for
the three sub-dimensions were 0.908, 0.940, and 0.889.
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Lifetime severe traumatic events

A self-administered questionnaire was used to under-
stand the status of Lifetime Severe Traumatic Events. The
questionnaire consists of 23 questions, each correspond-
ing to two answers of “yes” or “no” A complete list of
questionnaires can be found in Appendix Table 1.

Parenting rearing styles

Parenting styles were assessed using the revised Chi-
nese version of the Egna Minnen Betridffande Uppfostran
(EMBU) scale [36]. The scale consists of 66 items, includ-
ing 58 items in 6 dimensions for the father’s parent-
ing style subscale and 57 entries in 5 dimensions for the
mother’s parenting style subscale. Each item is rated on a
four-point scale from 1 (never) to 4 (always). Cronbach’s
alpha of this scale in this study is 0.967. The Cronbach’s
a for the six dimensions, including father’s warmth, were
0.932, 0.906, 0.723, 0.809, 0.804, and 0.589. The Cron-
bach’s a for the five sub-dimensions, including mother’s
warmth, were 0.921, 0.912, 0.738, 0.788, and 0.808.

Other variables

(1) Subjectively, how satisfied are you with your par-
ents’ marital status? (answer satisfied or dissatisfied). (2)
Relieve stress by drinking (answer “yes” or “no”). (3) Are
you an only child? (answer “yes” or “no”). (4) Is the family
a nuclear type? i.e. a family consisting of parents and chil-
dren (answer “yes” or “no”).

Baseline and new onset suicidal thoughts and behaviors
Baseline suicidal thoughts and behaviors

This was assessed through the following questions: (1)
Have you had suicidal thoughts in the past year? Have
you engaged in suicidal behavior within the past year?
Answer ‘yes’ or ‘no. If either question was answered ‘yes;
the participant was considered to have STB. (2) At what
age did you first experience suicidal thoughts? At what
age did you first experience suicidal behavior? The pres-
ence of baseline suicidal thoughts and behaviors was
determined if the answer to question (1) was ‘yes’ or if
the age of the answer to question (2) was younger than
the baseline age.

New onset of suicidal thoughts and behaviors

Suicidal thoughts and behaviors were assessed at the first
and second follow-up visits through the following ques-
tion: ‘Have you had suicidal thoughts within the past
year? Have you engaged in suicidal thought behaviors
within the past year? The answer was ‘yes’ or ‘no. If the
answer to the baseline suicidal thoughts and behaviors
was ‘Noj, but the answer was ‘Yes’ in any of the years of
follow-up, the subject was judged to have developed new
suicidal thoughts and behaviors.
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Statistical analysis

Feature selection

The baseline features included a total of 970 variables.
According to the Modified 80% rule, if the proportion of
non-missing data of a variable is less than 80% of the total
sample size, it is recommended to delete the variable
[37]. In this study, feature variables with more than 15%
missing data (n=70) were excluded on this basis. Firstly,
the missing values of the remaining 900 feature variables
were interpolated using multiple interpolation. Subse-
quently, 123 variables with variance close to or equal to
0 were eliminated by filtering variance. LASSO regres-
sion was then performed on the remaining 777 feature
variables to reduce the coefficients of the weak predic-
tors to 0, resulting in 54 variables (see Appendix Fig. 2).
LASSO regression minimizes the correlation between
variables and avoids overfitting [38]. The backward step-
wise regression method using Akaike’s Information Cri-
terion (AIC) continued to filter variables, resulting in 24
variables [39]. The remaining 24 variables were subjected
to backward stepwise regression analyses, and the vari-
ables with the smallest change in AAUC were used as the
basis for variable deletion to obtain the most appropri-
ate predictive models for the 10 variables (see Appendix
Table 3). The final 10 predictor variables were found to be
free of multicollinearity (VIA <5) and not strongly corre-
lated with each other (r<0.3) [40, 41]. In addition, inter-
actions between variables in this model were excluded.

Analysis method

The study sample was first described in general terms.
Continuous variables were presented with mean + stan-
dard error. Categorical variables were presented with
proportions. All tests were two-tailed, and P<0.05 was
considered statistically significant. All statistical analyses
were performed using R (version 4.3.0) [42].

Establishment of predictive models

In order to establish an external validation set, this study
divided college students from different schools into train-
ing and validation sets. The training set included samples
from a university in Jining and Rizhao areas (n=2934),
and the external validation set included samples from
another school in Weifang area collected indepen-
dently during the same period (n=1624). We tested the
potential of eigenvalues to predict suicidal thoughts and
behaviors using logistic regression. A predictive model
for suicidal thoughts and behaviors was developed using
logistic regression for the final 10 predictor variables
after screening, and the potential of the model to predict
suicidal thoughts and behaviors was tested.
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Assessment of model performance

The model’s performance was assessed based on its dis-
crimination, calibration curve, clinical applicability, and
generalizability. Hosmer-Lemeshow tests and elastic-
ity networks were used to view the fitness, and the final
logistic predictive model was regularized. The calibration
of the model was assessed by comparing the predicted
values with the observed results, and the calibration
curves were visualized in this study using a 1000-times
bootstrapping procedure. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
F1 scores, accuracy, and Brier score of the final model in
the training and validation sets were assessed. The assess-
ment of clinical suitability was performed by decision
curve analysis (DCA), which quantifies the net benefit at
different threshold probabilities [43]. Focused high-risk
groups (10-30%) are necessary to priorities the alloca-
tion of intervention resources. Therefore, in this study,
the predicted risk probability was decimated using 10%
as the risk threshold and cross-classified with observed
cases to explore more intuitively the model’s ability to
identify high-risk groups under different risk stratifica-
tions. The predicted probabilities were discretized into
deciles, compared to the actual observed STB risk prob-
abilities, and subsequently visualized to compare the risk
concentration of the predicted probabilities.

Internal and external validation

10-fold cross-validation was used for internal validation
of model performance in the training set [44]. In addi-
tion, an independent external validation set was used in
this study to assess the performance of the final model.
The magnitude of the area under the experimenter oper-
ating characteristic curve (AUC) was used to assess the
overall diagnostic accuracy of the final model in both the
training set and the external validation set [45].

Results

Sample characteristics

Table 1 shows the distribution of demographic character-
istics and risk factors between the training and validation
sets. The training set had 2934 (64.3%) individuals with a
mean age of 18.43 years and 1190 (40.6%) males. The vali-
dation set had 1626 (35.7%) individuals, with a mean age
of 18.18 years, and 1190 (34.5%) males. New onset of sui-
cidal thoughts and behaviors over two years among the
4560 participants totaled 226 (5.0%), with 146 (5.0%) in
the training set and 80 (4.9%) in the validation set. More
information is detailed in Table 1. This study assessed the
distribution of baseline demographic characteristics of
participants who completed and did not complete follow-
up (see Appendix Table 2). The total number of people
who completed the follow-up was 4560(64.0%), with
a mean age of 18.38 years and 1751 (38.4%) males. The
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Table 1 Distribution of demographic characteristics and risk
factors in the training set and validation set

Variables Total data Training set  Validation
set set
N=4560(%) N1=2934(%) N2=1626(%)
Age (M£SD) 18.34+£0.80 1843+0.85 18.18+£0.67
Number of lifetime se-  1.23+1.25 125+1.29 121+£1.16
vere traumatic events
(M£SD)
Sex
Male 1751(38.4) 1190(40.6) 561(34.5)
Female 2809(61.6) 1744(59.4) 1065(65.5)
Residence
Urban 1609(35.3) 1156(39.4) 453(27.9)
Rural 2951(64.7) 1778(60.6) 1173(72.1)
One Child
No 2861(62.7) 1764(60.6) 1097(67.5)
Yes 1699(37.3) 1170(39.9) 529(32.5)
Major
Non-medicine 3287(72.1) 2273(77.5) 1014(62.4)
Medicine 1273(27.9) 661(22.5) 612(37.6)
Nuclear family
No 818(17.9) 518(17.7) 300(18.5)
Yes 3742(82.1) 2416(82.3) 1326(81.5)
Always solo activity
No 4145(90.9) 2669(91.0) 1476(90.8)
Yes 415(9.1) 265(9.0) 150(9.2)
Bigotry under pressure
No 3859(84.6) 2501(85.2) 1358(83.5)
Yes 701(15.4) 433(14.8) 268(16.5)
Socially oriented
perfectionism
No 3293(72.2) 2048(69.8) 1245(76.6)
Yes 1267(27.8) 886(30.2) 381(23.4)
Drinking to relieve
stress
No 4292(94.1) 2762(94.1) 1530(94.1)
Yes 268(5.9) 172(5.9) 96(5.9)
Autonomy attitude
No 2736(60.0) 1717(58.5) 1019(62.7)
Yes 1824(40.0) 1217(41.5) 607(37.3)
Parental marital
satisfaction
Satisfaction 4007(87.9) 2602(88.7) 1405(86.4)
Dissatisfaction 553(12.1) 332(11.3) 221(13.6)
Mother emotional
warmth
No 1030(22.6) 684(23.3) 346(21.3)
Yes 3530(77.4) 2250(76.7) 1280(78.7)
Others social support
No 422(9.3) 278(9.5) 144(8.9)
Yes 4138(90.7) 2656(90.5) 1482(91.1)

Suicidal thoughts and
behaviors
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Variables Total data Training set  Validation
set set
N=4560(%) N1=2934(%) N2=1626(%)
No 4334(95.0) 2788(95.0) 1546(95.1)
Yes 226(5.0) 146(5.0) 80(4.9)

Note: Socially oriented perfectionism: as long as the quality of the work |
accomplish is not considered excellent, the people around me will think that it
is pretty poor work; Autonomy attitude: if | don’t get things right from time to
time, people will not respect me; Mother emotional warmth: | feel that There is
a sense of warmth, consideration and affection with my mother; Others social
support: Some people (relatives, leaders) are there for me when I have problems

results showed significant differences in the distribution
of age (£=4.80, P<0.001), sex (y*=39.19, P<0.001), and
only child (y*=6.03, P=0.028) between the missed and
completed follow-up cohorts.

Incidence

The incidence of new-onset suicidal thoughts, suicidal
behaviors, and STB at baseline was 13.44% (n=957; 95%
CI=12.67-14.25%), 1.77% (n=126; 95% CI=1.49-2.10%)
and 13.45% (1 =958; 95% CI=12.68-14.27%), respectively.
The incidence rates of suicidal thoughts, suicidal behav-
iors, and STB within two years were 4.89% (n=223; 95%
CI=4.30-5.56%) and 1.03% (n=47; 95% CI=0.78-1.37%)
and 4.96% (1 =226; 95% CI=4.36-5.62%), respectively.

Predictor selection

Table 2 shows the final model for the ten risk predictors.
Among the female (OR=2.16, 95%CI:1.48-3.22), always
solo activity (OR=2.09, 95%CI:1.32-3.23), bigotry under
pressure (OR=2.03, 95%CI:1.37-2.98), socially oriented
perfectionism (OR=1.54,95%CI1:1.07-2.20), drinking to
relieve stress (OR=2.28, 95% CI:1.27-3.91), autonomy
attitude (OR=1.50, 95%CI:1.05-2.15), parental marital
satisfaction (OR=1.58, 95%CI:1.01-2.42), mother emo-
tional warmth (OR=0.54, 95% CI:0.38-0.79), others
social support (OR=0.59, 95%CI1:0.38—0.95), number of
lifetime severe traumatic events (OR =1.14, 95%CI:1.02—
1.27). Appendix Table 4 shows the model specifications
for the final prediction model for new-onset suicidal
thoughts and behaviors.

Model representation and construction of line charts

Table 3 shows the performance of the final model. The
AUC of the final prediction model was calculated to
be 0.738 and 0.710 in the training and validation sets,
respectively (Fig. 1). The results also showed a good fit
by decile grouping and visualizing the actual STB occur-
rence risk and the predicted risk in both sets (Fig. 2). This
implies that the final model agrees with both the train-
ing and validation sets. The AUC (95%CI), sensitivity,
specificity, positive predictive value, negative predictive
value, F1 score, accuracy, Brier score, and Hosmer-Lem-
eshow test metrics for the training and validation sets are
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detailed in Table 3. In both the training and validation
sets, the calibration curves for both the Bias-corrected
and ideal showed a better fit, demonstrating good agree-
ment between the predicted and observed extent of STB
(see Appendix Fig. 3). The AUC (95%CI) of the ten-fold
cross-validation of the final prediction model in the train-
ing set is 0.721 (0.579-0.827) (See Appendix Fig. 4). Fur-
thermore, the DCA shows that the algorithm produces
more net benefits when all predictors are considered at
threshold probabilities of 2-36% (see Appendix Fig. 5).

In Table 4, the study presents the sensitivity, PPV, and
F1 scores of students at different proportions of predicted
risk based on the final prediction model. The results show
that based on the prediction model, the actual percentage
of students predicted to be at the highest 10% risk of STB
within two years was 35.62% of all observed cases of new
onset of suicidal thoughts and behaviors. Moreover, the
probability of new STB among the 10% of students with
the highest predicted risk was 17.75%, much higher than
the 4.95% in the whole population. In addition, the rela-
tively high F1 scores (23.69%) in the strictly segmented
case (top 10% predicted risk) suggests that the model has
some potential for balancing underdetection and false
positives.

The ten best predictor variables obtained from the
screening were used to construct the suicide nomogram,
as shown in Appendix Fig. 6. In this suicide nomogram,
the options for each variable corresponded to their
respective scores, and the scores for all variables cor-
responding to the options were summed to obtain the
total score. The predicted risk probabilities of suicidal
thoughts and behaviors that do not correspond to the
total score are given at the bottom of Appendix Fig. 6. A
higher total score represents a higher probability of risk
of STB.

Discussion

Identifying new students at high risk for STB will help
prevent and reduce the incidence of suicide. Using a
logistic regression algorithm in this sample of college stu-
dents, we identified ten baseline variables that predicted
new-onset suicidal thoughts and behaviors over two
years: female, always solo activity, bigotry under pressure,
socially oriented perfectionism, drinking to relieve stress,
autonomy attitude, parental marital satisfaction, mother
emotional warmth, others social support, number of life-
time severe traumatic events.

In the present study, when all significant factors in the
predictive modelling algorithm were considered, the
prediction of the first new STB within two years was as
high as 73% for university students. The final model in
this study had an accuracy of 69.7-78.0% in predicting
the first occurrence of STB within two years in univer-
sity students. Although the final predictors varied, this
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Table 2 Final model for risk prediction of suicidal thoughts and
behaviors among university freshmen
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Table 3 Identification performance of a risk prediction model for
suicidal thoughts and behaviors among university freshmen

Predictor OR(95%CI)" P OR P
(95%Cl)
Sex
Male Ref Ref
Female 1.54(1.15-2.07) 0.004 2.16(1.48- <0.001
322)
Always solo activity
No Ref Ref
Yes 266(1.89-376) <0001 209(1.32- 0001
3.23)
Bigotry under pressure
No Ref Ref
Yes 2.52(1.87-339) <0.001 2.03(1.37- <0.001
2.98)
Socially oriented
perfectionism
No Ref Ref
Yes 167(1.27-2.21) <0001 1.54(1.07- 0.019
2.20)
Drinking to relieve
stress
No Ref Ref
Yes 241(1.59-366) <0.001 2.28(1.27- 0.004
3.91)
Autonomy attitude
No Ref Ref
Yes 1.81(1.39-2.37) <0.001 1.50(1.05- 0.025
2.15)
Parental marital
satisfaction
Satisfaction Ref Ref
Dissatisfaction 254(1.85-349) <0.001 1.58(1.01- 0.038
242)
Mother emotional
warmth
Yes Ref Ref
No 044(0.33-057) <0.001 0.54(0.38- 0.001
0.79)
Others social support
Yes Ref Ref
No 0.38(0.27-0.54) <0.001 0.59(0.38- 0.024
0.95)
Number of lifetime se-  1.26(1.16-137) <0.001 1.14(1.02- 0.017
vere traumatic events 1.27)

“Univariate logistic regression odds ratio

Note: Socially oriented perfectionism: as long as the quality of the work |
accomplish is not considered excellent, the people around me will think that it
is pretty poor work; Autonomy attitude: if | don’t get things right from time to
time, people will not respect me; Mother emotional warmth: | feel that There is
a sense of warmth, consideration and affection with my mother; Others social
support: Some people (relatives, leaders) are there for me when | have problems

prediction estimate was like studies of new-onset STB
risk prediction among university students in Belgium
(accuracy of 84-91%) and Mexico (accuracy of 76-81%),
which also used logistic regression algorithms [23, 24]. In
addition, the French study on predicting new-onset STB

logistic regression Training set Validation set
AUC 0.738(0.697-0.780)  0.710(0.657-0.763)
Sensitivity 0.623 0.763

Specificity 0.755 0.575

Positive predictive value 0.118 0.085

Negative predictive value 0.975 0.979

F1 score 0.198 0.153

Accuracy 0.748 0.584

Brier Score 0.045 0.047
Hosmer-Lemeshow test 0.779 0.104

Note: Sensitivity and specificity: the ability of the model to correctly identify
STB positive/negative cases; Positive Predictive Value and Negative Predictive
Value: the probability that the model identifies as STB positive/negative a case
that actually has/hasn’t STB; F1 score: the coordinated mean of the precision
and recall; Accuracy: the proportion of samples correctly predicted by the
model out of the total sample; Brier score: a measure of how well the model’s
predicted probability is calibrated to the true outcome; Hosmer-Lemeshow
test: assessing model fit

in university students used a machine-learning approach
to divide the population into males and females (with
an accuracy of 0.74% and 0.72%) [26]. Baseline suicidal
thoughts tended to be one of the strongest predictors
when the study population did not exclude the baseline
population with suicidal thoughts and behaviors [26,
46-47] when prediction accuracy tended to be higher
than in the study population without STB. Identifying
college freshmen with substantial risk factors for STB
by identifying them at enrollment and targeting preven-
tive interventions is an effective strategy for preventing
the occurrence of STB. And using the STB risk predic-
tion algorithm of this study and focusing interventions
on the 10 per cent of students with the highest predicted
risk would approximately target close to one in five posi-
tive cases. The algorithm has the obvious disadvantage
that false-positive cases will inevitably occur, making
the participation of a proportion of normal students in
the intervention often requiring secondary screening
to reduce false positives. This also means that the algo-
rithm still has much room for improvement, including
the use of interventions that should be as non-intrusive
as possible whilst still ensuring that they are strong and
effective, and more often targeting general mental health
problems. Nonetheless, the model performs better when
focusing on high-risk groups and still improves the effi-
ciency of resource use compared to generalized interven-
tions and random allocation.

In this study, females are at a higher risk of developing
STB than males. This is in line with the findings of several
previous studies on the prediction of suicide risk in uni-
versity students [9, 48]. The results of several meta-analy-
ses have shown that suicidal thoughts, suicidal planning,
and suicidal behaviors are higher in females than in males
[49, 50]. Bigotry under pressure belongs to borderline
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Fig. 1 The receiver operating characteristic curve (ROC) of the training set and validation set after elastic network regularization

personality disorder (BPD), and recurrent suicidal behav-
ior is one of its characteristics [51]. This emotional insta-
bility has been shown to play a role in the increased risk
of suicidal behavior in BPD patients [52]. Always moving
alone belongs to Schizoid Personality Disorder (SPD),
and this solitary lifestyle is higher in severe suicide
attempters [53]. Consistent with other reports, those who
drank alcohol [22] experienced a traumatic event [54];
consider that work not good enough is not recognized as
perfectionism [55] and Thinking that not getting things
done is not respected [56], as Poor parental marital status
[57] had a higher risk of having STB. In contrast, mater-
nal warmth [58] and Support from relatives and leaders
in case of a problem [59] reduce the risk of STB.

Notably, some predictors are intervenable and control-
lable. First, in terms of family factors, family therapeutic
interventions such as family training courses and fam-
ily psychoeducational programs are effective for college
students with STB [60]. Secondly, in terms of social sup-
port, individual interventions (e.g., providing support
through face-to-face, phone calls, etc.) and group inter-
ventions (e.g., regular meetings, walking tours, etc.) can
be used to reduce the incidence of STB [59]. Finally, early
screening for borderline personality disorder and schizo-
typal personality disorder traits should be carried out as
early as possible. Although dialectical behavior therapy’s
effect on STB is insignificant, short-term interventions,
such as planned generic support, are effective in amelio-
rating personality disorders [61, 62]. Nevertheless, it is
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Table 4 Concentration of risk for suicidal thoughts and
behaviors at follow-up based on different proportions of
students with the highest baseline predicted risk under the final
prediction model

Highest.Risk (%) Sensitivity (%) PPV (%) F1 Score
100 100 4.98 0.10
90 97.95 542 0.10
80 95.89 5.97 0.11
70 90.41 6.43 012
60 87.67 7.27 0.13
50 80.14 7.98 0.15
40 71.92 8.95 0.16
30 60.96 10.11 0.17
20 50.00 1246 0.20
10 35.62 17.75 0.24

Note: Sensitivity: proportion of STB cases found in the row of students with the
highest predicted probability; Positive Predictive Value (PPV) probability of
effectively developing STB in the row with the highest predicted risk; F1 score:
reconciled mean of precision and recall

necessary to develop targeted interventions based on the
prediction model algorithm in future studies and to verify
the effectiveness of the prediction model interventions.
This study has certain advantages. First, unlike cross-
sectional studies, this study identified multiple risk pre-
dictors of new-onset STB through a longitudinal cohort
of up to 3 years, and the predictive model built based
on these risk factors had a discriminatory degree of up
to 73.8%. Secondly, although overfitting could not be
avoided, this study used LASSO regression and elastic-
ity network regularization to reduce the degree of model
overfitting during variable selection and model building.
Finally, complex predictive equations were visualized
by constructing STB risk nomogram to help school or
clinical psychologists understand and guide intervention
decisions. Inevitably, this study has several limitations.
First, as a three-year follow-up study, this study had a
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high natural omission rate. Despite the use of multiple
interpolation to minimize the effect of missing samples,
there is still a one-third omission rate. And a higher
omission rate may reduce the statistical effect and thus
the internal validity of the model. Secondly, due to the
limitation of the number of positive cases, this study con-
sidered suicidal thoughts and suicidal behaviors as a sin-
gle outcome variable, which failed to predict and explain
the risk of suicidal thoughts and suicidal behaviors sepa-
rately and may have overlooked the different predictors
and developmental trajectories of the two. In addition,
data were collected using self-report rather than through
professional clinical diagnosis, which may introduce
recall bias and social desirability bias. Finally, in terms of
population selection, the sample selection in this study
was relatively homogenous and suffered from some sam-
pling bias, making extrapolation of the model limited.
Based on the limitations of this study, the following
suggestions are made for future research: first, to enhance
the compliance of the subjects who joined the follow-up
study and to reduce the dropout rate. Secondly, in future
studies, suicidal thoughts and behaviors at baseline
should be added as significant predictors of suicide and
the severity of STB considered in defining outcome vari-
ables should be examined to explore and develop a more
complete predictive model of new-onset STB in univer-
sity students. Additionally, future studies should provide
risk prediction and interpretation of suicidal thoughts
and suicidal behaviors separately to provide more specific
clinical guidance. In addition, a more rigorous validation
approach for external validation should be used, such as
selecting independent samples from different time peri-
ods as the validation set. Finally, in terms of population
selection, college students from different cultures as well
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as different countries or regions were chosen as study
subjects to validate and generalize the prediction model.

Conclusion

As a prospective longitudinal study, this study developed
a suicide prediction model consisting of 10 risk factors,
including specific personality traits such as perfection-
ism, psychological cognition, and family environmen-
tal factors, using new STBs of first-year college students
over a two-year period as a risk outcome. A screening
tool based on this predictive model can identify students
at high risk for suicidal thoughts and behaviors and alert
at-risk college students to contact counseling and proac-
tively engage in mental health services. It can help school
mental health care providers, educators, and psycho-
logical organizations develop effective suicide risk inter-
ventions to reduce the burden of suicide among college
students.
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